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

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

package of personal protection you and your family need. 
And it's how we save you so much money: just ONE 
policy to issue instead of nine! 
You can build up to the cover you need by additional units 

(or # units after the first) up to a maximum of five. So 
simple. So easy. Apply to your Broker, Agent or local office 
of a General Accident company. 
The Home Unit Policy can replace your existing insurances 
And remember- as you buy more possessions just add 
more Home Units at any time. Quote Ref. 20/9468 

THE GENERAL ACCIDENT FIRE & 
LIFE ASSURANCE CORPORATION LTD 

Metropolitan House, 35 Victoria Avenue, 
Southend-on-Sea, Essex, SS2 6BT 

Please send me further particulars of 
the Home Unit Insurance. 

Name 

Address 

It pays to be protected by 
2019468 

www.americanradiohistory.com



CHINAGLIA 
33 RANGES 
20k SI /V d.c. 
4kS2/Va.c. 

TRADE ENQUIRIES WELCOMED 

PROFESSIONAL QUALITY 
TEST EQUIPMENT 

WITH 

ROBUST CLASS 1.5 PRECISION MOVEMENT 
ACCURACY 2.5% D.C. AND 3.5% A.C. 
12 MONTH GUARANTEE 
SELF -POWERED AND POCKET -SIZED 
OPTIONAL 30kV.D.C. PROBE 

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: 

CI IINAGLIA 
(U.K.) 

17. 19 Mulberry Walk, London 
SW3 6DZ Tel : 01-352 1 897 

I.Uncclerstand 
electronics. 
Step by step, we take you through 
all the fundamentals of electronics 
and show you how easily the sub- 

ject can be mastered using our 
un'que Lerna-Kit course. 

(1) Build an osci 

2. Become a 
radio amateur. 

lloscope. 

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

(2) Read, draw and understand 
circuit diagrams. 

(3) Carry. out over 40 experi- 
ments on basic electronic 
circuits and see how 
they work. 

WAA 
r.mmarmmmmmmmm RN us Ili riro mn ow ma 1.-M' 

Brochure, without obligation to: 

BRITISH. NATIONAL RADIO & ELECTRONICS SCHOOL, Dept RECR 9/75 
P.O. Box 156, Jersey, Channel Islands. 

NAME 
ADDRESS 

I 
I 
I 
I 

Block caps please ' --mmmmmm-- mom o--rira-r--MIB-- Eli r-icePIK - 
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INAPAK 
I COMPONENTS' INSTRUMENT CASES 

CARBON RESISTOR PAKS 
These Paks contain a range of 
Carbon Resistors, assorted into 
the following groups: 
RI. 50 Mixed 

100 ohms -820 ohms; W. 0.60 
R2. 50 Mixed 

1K ohms- 8.2K ohms I W. 0.60 
R3. 50 Mixed 

10K ohms- 82K ohms 1 W. 0.60 
R4.50 Mixed 

100K ohms -820K ohms 1 W. 0.60 
115. 30 Mixed 

100 ohms -820 ohms 1 W. 0.60 
R6. 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 ohms :'.- W. 0.60 
These are unrepeatable prices 

LOW COST CAPACITORS 
500 uF 50V Elect 0.09 each 
.01 uF 400 V 0.03 each 

REPANCO CHOKES & COILS 
RF Chokes 
CH1 2.5mH 0.27 CH2 5.0mH 0.28 
CH3 7.5mH 0.29 CH4 10mH 0.81 
CH5 1.5mH 0.26 
Coils 
DRX1 Crystal set 0.29 
DRR2 Dual range 0.42 

(In 2 sections, Black Vinyl covered 
top and sides and bezel) 
No. Length Width Height Price 
BV1 8" x 51" x 2" *£1.25 
BV2 11" x 6" x 3" *£1.62 
BV3 6" x 48" x 11" *92p 
BV4 9" x 51" x 21" *£1.39 

ALUMINIUM BOXES.. 

No. Length Width Height Price 
BA1 51" x 21" x 11" *45p 
BA2 4" x 4" x 11" *45p 
BA3 4" x 21" x 1,'," *45p 
BA4 51" x 4" x 11" *54p 
BA5 4" x 24" x 2" *45p 
BA6 3" x 2" x 1" *39p 
BA7 7" x 5" x 21" *79p 
BA8 8" x 6" x 3" *£1.02 
BA9 6" x 4" x 2" "65p 
(Each complete with 1" deep lid 
and screws) 
Please add 20p p & p for each box 

SEMICONDUCTORS 
IANTEX EQUIPMENT( 

SOLDERING IRONS 
X25. 25 watt 
Model G. 18 watt 
CCN 240. 15 watt 
SK2. Soldering Kit 

*£2.45 
*£2.70 
*£2.90 
*£3.90 

BITS AND ELEMENTS 
102 for model CN240 .." 
104 for model CN240 *" 
106 for model CN240-A" 

1100 for model CCN240 .." 
1101 for model CCN2408" 
1102 for model CCN240 1" 
1020 for model G240 .." 
1021 for model G2401" 
1022 for model 0240 *" 

50 for model X25.." 
51 for model X25 1" 
52 for model X25 A" 

*42p 
42p 

*42p 
*42p 
*42p 
*42p 
*42p 
*429 
*42p 
*44p 
*44p 
*44p 

ELEMENTS 
Model ECN 240 
Model EG 240 
Model ECCN 240 
Model EX 25 

*£1.10 
*£1.35 
*£1.55 
*£1.20 

SOLDERING IRON STAND 
ST3 Suitable for all models *£1.10 
Antex heat shunt *10p 

S270 2 pin DIN plug to 2 pin DIl 
socket length 10m 

S271 5 pin DIN plug to 2 phono 
plugs connected to pins 
3 & 5 length 1.5m 

S275 5 pin DIN plug to 2 phono 
sockets connected to pins 
3 & 5 length 23cm. 

S318 5 pin DIN socket to 2 phon 
plugs connected to pins 
3 & 5 length 23cm. 

S404 Coiled stereo headphones 
extension cord extends 
to 7m £1 

S217 3 pin DIN plug to 3 pin DII 
plug length 1.5m ! 

S219 5 pin DIN plug to 5 pin DII 
plug length 1.5m 7 

S474 3.5mm Jack to 3.5mm Jack 
length 1.5m 

S600 5 pin DIN plug to 3.6mm 
Jack connected to pins 
3 & 5 length 1.5m l 

S700 5 pin DIN plug to 3.5 jack 
connected to pins 1 & 4 
length 1.5m i 

CARBON POTENTIOMETERS 
Log and Lin 
4.7K, 10K, 22K, 47K, 100K, 220K, 
470K, 1M, 2M. 
VC 1 Single Less Switch 0.14 
VC 2 Single D.P. Switch 0.26 
VC 3 Tandem Less Switch 0.43 
VC 4 1K Lin Less Switch 0.14 
VC 5 100K Log anti -Log 0.43 

HORIZONTAL CARBON 
PRESETS 
0.1 Watt 0.06 each 
100, 220, 470, 1K, 2.2K, 4.7K 10K, 
22K, 47K, 100K, 220K, 470K, 1M, 
2M. 4.7M. 

REPANCO TRANSFORMERS 
240v. Primary. Secondary voltages 
available from selected tappings 
4v, 7v, 8v, 10v, 40v) 50v and 
25v -0-25v.. 
Type Amps Amps 

£1 
Price 

79 
P 

45p 
MT50/1 1 £2.24 48p 
MT50/2 2 £3.06 60p 

COIL FORMERS & CORES 
NORMAN 1" Cores & Formers 7p 
1" Cores & Formers 9p 

SWITCHES 
DP/DT Toggle 280 
SP/ST Toggle 22p 

(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 60p 
C 3 50 Precision Resistors 

mixed values 609 
C 4 75 ;; width Resistors mixed 

preferred values 60p 
C 5 5 Pieces assorted Ferrite 

Rods 60p 
C 6 2 Tuning Gangs, MW/ 

LW VHF 60p 
C 7 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 
C11 5 Jack Sockets 3 x 3.5m, 

2 x standard Switch Type 60p 
C12 30 Paper Condensers 

preferred types mixed values 609 
C13 20 Electrolytics Trans. 

types 60p 
C14 1 Pack assorted Hardware 

Nuts/Bolts, Grommets etc. 560p 
C15 5 Mains Slide Switches, 

2 Amp 60p 
C16 20 Assorted Tag Strips 

and Panels *60p 
C17 10 Assorted Control 

Knobs 609 
C18 4 Rotssy Wave Change 

Switches 609 
C19 2 Relays 6.24v Operating 

60p 
C20 Sheets Copper Laminate 

approx. 200 sq.ins. *60p 
Please add 20p p & p on ail com- 
ponent packs, plus a further 10p 
on pack nos. Cl, C2, C19 & C20. 

PLUGS Price 
PS 1 D.I.N. 2 Pirt(Speaker) lop 
PS 2 D.I.N.3Pin llp 
PS 3 D.I.N. 4 Pin 14p 
PS 4 D.I.N. 5 Pin 180° 15p 
PS 5 D.I.N. 5 Phi 240° 159 
PS 6 D.I.N. 6 Pin 16p 
PS 7 D.I.N. 7 Pin 17p 
PS 8 Jack 2.5mm Screened 17p 
PS 9 Jack 3.5mm Plastic llp 
PS 10 Jack 3.5mm Screened 17p 
PS 11 Jack ;"Plastic 14p 
PS 12 Jack .1" Screened 20p 
PS 13 Jack Stereo Screened 33p PS14 Phono 9p 
PS 15 Car Aerial 14p 
PS 16 CO -Axial 14p 
INLINE SOCKETS 
PS 21 D.I.N. 2 Pin (Speaker) 
PS 22 D.I.N. 3 Pin 
PS 23 D.I.N. 5 Pin 180° 
PS 24 D.I.N. 5 Pin 240° 
PS 25 Jack 2.5mm Plastic 
PS 26 Jack 3.5mm Plastic 
PS 27 Jack 1" Plastic 
PS 28 Jack '"Screened 
PS 29 Jack Stereo Plastic 
PS 30 Jack Stereo Screened 
PS 31 Phono Screened 
PS 32 Car Aerial 
PS 33 Co -Axial 

13p 
19p 
19p 
199 
15p 
159 
28p 
32p 
28p 
35p 
17p 
20p 
20p 

CROSSOVER NETWORI 

K4007 1/P Impedance 8 ohms. 
(2 -way) Insertion Loss 3dB. 

Crossover Frequency 
3 KHz. PRICE £1 

H/PHONE JUNCTION BO 
H1012 Enables change -over fr. 
(3 -way- loudspeaker to head - 
stereo) phone listening. Also t 

a centre position for bc 
outputs PRICE £1. 

ALL PRICES EXC 
PLEASE ADD V A.T. 
ITEMS EXCEPT 
GIRO NUMBER 

388-7006 

Postage & packing ar 
ar/cl extra for airmail. Mi 

SOCKETS 
PS 35 D.I.N. 2 Pin (Speaker) 
PS 36 D.I.N. 3 Pin 
PS 37 D.I.N. 5 Pin 180° 
PS 38 D.I.N. 5 Pin 240° 
PS 39 Jack 2.5mm Switched 
PS 40 Jack 3.5mm Switched 
PS 41 Jack 11" Switched 
PS 42 Jack Stereo Switched 
PS 43 Phono Single 
PS 44 Phono Double 
PS 46 Co -Axial Surface 
PS 47 Co -Axial Flush 

FUSES 
lf" and 20mm, 100mA, 200mA, 
250mA, 500mA, 1A, 1.5A, 2A 
QUICK BLOW *5p each 
Anti -Surge 20mm only *8p each 

VEROBOARDS 
VB1 containing approx. 50 sq.ins. 

various sizes all 0.1 matrix. 
*60p 

VB2 containing approx. 50 sq.ins. 
various sizes all 0.15 matrix. 

*60p 

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

AVDEL BONDI 
SOLVE THOSE STICKY 
PROBLEMS! 
with 

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

OUR PRICE ONLY 60p 
for 2gm phial 

BATTERY HOLDERS 
Takes 6 H.P. 7s complete with 
terminal clip and lead *319 each 

CABLES Per Metre 
CP 1 Single lapped screen * 8p 
CP 2 Twin Common Screen *11p 
CP 3 Stereo Screened *12p 
CP 4 Four Core Common 

Screen *21p 
CP 5 Four Core individually 

screened *28p 
CP 6 Microphone Fully 

Braided Cable *119 
CP 7 Three Core Mains 

Cable *119 
CP 8 Twin Oval Mains Cable* 8p 
CP 9 Speaker Cable *69 
CP10 Low Loss Co -Axial *14p 

VIB/HI-FI 
ACCESSORIES 

f. Price 
B Stylus and turntable 

cleaning kit *319 
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 *£1.64 
32A Stylus balance *£1.24 
36A Record stylus cleaning 

kit *32p 
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-Fi stereo hints & tips 538p 
60 Chrome finish as above 

*£1.72 

7p 
9p 
9p 

10p 
llp 
llp 
199 
28p 
7p 
9p 
9p 

19p 

1P.C.B. KITS Er PENS( 
PROFESSIONAL D.I.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 
C60 *33p; C90 544p; C120 *56p 

AAUDIO LEADS 
5221 5 pin DIN plug to 4 phono 

plugs length 1.5m £1.08 
S222 5 pin DIN plug to 5 pin DIN 

socket length 1.5m 68p 
S237 5 pin DIN plug to 5 pin DIN 

plug mirror image length 
1.5m £1.20 

S238 2 pin DIN plug to 2 pin DIN 
socket length 5m 68p 

S268 5 pin DIN plug to 3 pin DIN 
plug 1 & 4 and 3 & 5 
length 1.5m £1.00 

IHANDBOOKSI 
Transistor Data Book - DTE 
227 Pages packed with inform 
tion on European Transistor 
Full specification including or 
lines. Price >t £2.95 ea 

Transistor Equivalents Book 
BPE 75 256 Pages of cross refi 
ences and equivalents for Eut 
peen, American and Japane 
Transistors. This is the mc 
comprehensive equivalents bo 
no the market today and has: 
introduction in 13 languages. 

Price * £2.68 ea 

DIODE EQUIVALENTS BOC 
DE 74 144 Pages of cross refs 
ences and equivalents for Eut 
peau, American and Japans 
Diodes, Zeners, Thyristors, Trim 
Diacs and L.E.D.'s. 

Price * £1.98 ea 

MULLARD DATA BOOK 191 
75 - MDB 74 The latest editi 
of this popular handbook contai 
information on Semiconducto 
Integrated Circuits, Televisi 
Picture Tubes, Valves, Capacitc 
and Resistors. Included in the 1 
informative pages are 21 pages 
Semiconductor Comparables. 

Price * £0.40 ea 

TTL DATA BOOK - DIC 75 
Now complete Data book of 
series TTL (7400-74132). Covert 
13' main manufacturers in t 
U.S.A. and Europe, this bo 
gives full data as well as equo 
lents. Price * £3. 

THE WORLD'S BROAD- 
CASTING STATIONS - WBS 
An up to the minute guide I 

those interested in DX-ing. Cc 
tains all the world's broadcast( 
on SW, MW and LW, as well 
European FM/TV stations. 

Price B £8. 
A full range of technical boa 
available on request. 
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PO BOX 6 WARE HERTS 
AL 60 

50w. PEAK (25w. R.M.S.) ONLY £3.95 
Max Heat Sink temp. 90!C. Frequency Response 20Hz to 100K Hz Distortion better than 0.1 at 1KHz. Supply voltage 15-50 volts. Thermal Feedback. 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 solid state circuitry incorporated in this powerful little amplifier which should satisfy the most critical A. F. enthusiast. 

E V.A.T. 
5% TO ALL 

DD 8% 
O V.A.T. 

u overseas 
!In order 75p. 

STABILISED POWER MODULE SPM80 
SPM80 is especially designed to power 2 of the AL60 Amplifiers, up to 15 watt (r.m.s.) per channel simul- 
taneously. This module embodies the latest components and circuit techniques incorporating complete 
short circuit 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. 

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 s 10p 

TRANSFORMER BMT80 £2.60 PRICE £3.00 

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. 

MK 60 AUDIO KIT Comprising: 2 x ALSO, 1 x SPM80, 
1 x BTM80, 1 x PA100, 1 front panel, 1 kit of parts to 
include on -off switch, neon indicator, stereo headphone 
sockets plus instruction booklets. 
COMPLETE PRICE: £27.55 plus 45p postage 

PRICE £13.20 
TEAK 60 AUDIO KIT Comprising: Teak veneered 
cabinet size 161" x 115" 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. 

'STEREO 30 COMPLETE AUDIO CHASSIS 
7+7 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, will 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 5 P 8 P 45p 

TRANSFORMER £2.45 P Et P 45p TEAK CASE £3.65 P 6 P 45p 

J AL10/AL20/AL30I 
The AL10, AL20 and AL30 units are similar in their appearance and in their general specification. However, careful selection of the plastic power devices has resulted in a range of output powers from 3 to 10 wads 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 

M.P.A. 30 !STORAGE/CARRY CASES! ,CARTRIDGES 1 JDYNAMIC MICROPHONES! 
Enjoy the quality of a magnetic 
cartridge with your existing cera- 
mic equipment using the new 

RECORD CASES 
7 in. E.P. 181 in. x 7 in. x 8 in. 

(50 records) *£2.48 

ACOS 
GP91.1SC 200mV at 1.2cms/sec 

£1.11 

TYPE B1223 200 ohms impedance. 
Complete with stand, on/off 
switch and 2.5mm and 3.5mm Bi -Pak M.P.A. 30 which is a high 12 in. L.P. 131 in. x 71 in. x 121 in. GP93-1 280mV at 1cm/sec £1.43 plugs. Suitable for cassette tape quality pre -amplifier enabling 

magnetic cartridges to be used 
(50 records) *£3.30 GP96-1 100mV at 1 cm/sec 

£2.91 
recorders. PRICE £1.67 

where facilities exist for the use of CASSETTE CASES TTC 
ceramic cartridges only. 

Used in the construction are 4 
low noise, high gain, silicon 

Holds 15.10 in. x 31 in. x 5 in. Lock 
and handle. *£1.50 

J-2005 Crystal/Hi Output 97p 
J.2010C Crystal/Hi Output 

Compatible £1.11 
JUST OUT! 

transistors. It is provided with a 
standard DIN input socket for 

8 -Track CARTRIDGE CASES 
Holds 14. 13 in. x 5 in. x 6 in. Lock 

J-20065 Stereo/Hi Output £1.52 
J-2105 Ceramic/Med Output STEREO FM ease of connection. and handle. *£2.20 £1.81 

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

Holds 24. 131 in. x 8 in. x 5I- in. 
Lock and handle. *£3.20 

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

J.22038 Replacement stylus for 
above £2.88 

AT -55 Audio-technica magnetic 
cartridge 4mV/5cm/sec. 

£3.06 

WRITE NOW FOR 
FULL DETAILS 
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"I MADE IT MYSELF" 
Imagine the thrill you'll feel ! Imagine how impressed \, 
people will be when they're hearing a programme on a - 
modern radio you made yourself. 

Now! Learn the secrets of radio 
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 to a 

new, better -paid career! No dreary ploughing through page 

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

You build a modern Transistor 
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 to 
fill the jobs! 

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

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

So fast, so easy, 
this personalised course 
will teach you even if 
you don't know a thing 

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 
language, 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 hold in 
your hand your own transistor 
radio. And after the course you 
can go on to acquire highpowered 
technical qualifications, because our 
famous courses go right up to City 
& 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. 

POST 

TODAY FOR 

FREE BOOK 

To: ALDERMASTON COLLEGE 
DEPT. CRE 09, READING RG7 4PF CRE 09 

Also at our London Advisory Office, 4 Fore Street 
Avenue, Meergate, London, EC2Y 5EJ Tel: 01-628 2721 
yes, I -o use to know more aoout your course. rlease send 
me free details-plus your big, 76 -page nook that tells 
about all your courses. 

ADDRESS 

POSTCODE' 

LATEST 
BOUND VOLUME 

No. 27 
of 

"Radio & Electronics 
Constructor" 

AUGUST 1973 to JULY 1974 

Compi ing 
772 pagesPRICE £2.40 P&P 50p 
inc. index 

BOUND VOLUME No. 25 
(August 1971 to July 1972) 

BOUND VOLUME No. 26 
(August 1972 to July 1973) 

PRICES 
VOL. 25 

£2.00 per volume. P&P 50p 

VOL. 26 

£2.10 per volume. P£tP 50p 

Limited number of these 
volumes still available. 

We regret all earlier volumes are now 
completely sold out. 

Available only from 

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

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 

RADIO & ELECTRONICS CONSTRUCTOR 
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WILMSLOW AUDIO 
THE Firm for speakers! 

SPEAKERS 
Baker Group 25, 3, 8 or 15 ohm 
Baker Group 35, 3, 8 or 15 ohm 
Baker Group 50/12, 8 or 15 ohm 
Baker Deluxe 12", 8 or 15 ohm 
Baker Major 3, 8 or 15 ohm 
Baker Superb 8 or 15 ohm 
Baker Regent 8 or 15 ohm 
Baker Auditorium 12" 
Celestion PST8 (for Unilex) 
Celestion G12H 8 or115 ohm 
Celestion G12M 8'or 15 ohm 
Celestion G15C 8 or 15 ohm 
Celestion G18C 8 or 15 ohm 
Celestion MF1000 8 or 15 ohm 
EMI 13 x 8, 150 d/cone, 8 ohm 
EMI 13 x 8 type 350, 8 or 15 ohm 
EMI 13 x 8 20 watt bass 
EMI 5" 14A/730 mid -range 8 ohm 
EMI 6}" 93850 4 or 8 ohm 
EMI 8 x 5, ter. mag. 8 ohm 
EMI 8 x 5, 10 watt, d/c roll/s 8 ohm 
EMI 10 x 6 93870 8 ohm 
EMI 2+" tweeter 8 ohm 
Elac 9 x 5, 59RM109 15 ohm, 

59RM114 8 ohm 
Elac 63," d/cone, roll surr. 8 ohm 
Elac 63," d/cone 8 ohm 
Elac TW4 4" tweeter 
Elac 10" 10RM239 d/c 8 ohm 
Elac 8" 3 ohm 
Eagle Crossover 3, 8 or 16 ohm 
Eagle CTS cone tweeter 8 ohm 
Eagle CT10 tweeter 8 or 16 ohm 
Eagle DT33 dome tweeter 8 ohm 
Eagle FF5 3 way crossover 
Eagle SN75 crossover with tw. cont 
Eagle FF28 multicell, horn 
Eagle HT15 horn tw. 16 ohm 
Eagle HT21 horn tw. 8 ohm 
Eagle MHT10 horn tw. 8 ohm 
Eagle FR4 4" full range 
Eagle FR65 61" full range 
Eagle FR8 8" full range 
Fane Pop 15 watt 12" 
Fane Pop 25T 30 watt 12" 
Fane Pop watt 12" 
Fane Pop 55 12" 60 watt 
Fane Pop 60 watt 15" 
Fane Pop 100 watt 18" 

£8.64 
£10.25 
£14.00 
£13.75 
£11.87 
£18.12 
£10.00 
£16.25 

£3.75 
£15.00 
£12.00 
£24.00 
£33.00 
£10.95 

£2.94 
E9.56 
£7.69 
£3.50 
£2.90 
£1.87 
£3.44 

£2.69 
.77 

£3.64 
£4.06 
£3.12 
£1.75 
£3.12 

£1.75 

SPEAKERS 
Fane Crescendo 12A 8 or 15 ohm £34.50 
Fane Crescendo 12B 8 or 15 ohm £36.50 
Fane Crescendo 15, 8 or 15 ohm £47.50 
Fane Crescendo 18, 8 or 15 ohm £62.95 
Fane 910 horn £14.95 
Fane 920 horn £33.95 
Fane 152112a 15" 15 ohm £16.00 
Fane 801T 8" d/cone roll surr. £8.12 
Fane 808T 8" d/cone £3.44 
Fane 807T 8" d/cone roll surr. £5.75 
Goodmans 8P Bor 15 ohm £5.50 
Goodsmans 10P 8 or 15 ohm £5.80 
Goodmans 12P 8 or 15 ohm £13.95 
Goodmans 12P -D 8 or 15 ohm £16.95 
Goodmans 12P -G 8 or 15 ohm £15.95 
Goodman 12AX 100 watt 8 or 15 ohm £36.50 
Goodsmans 15AX 100 watt 8 or 15 ohm £40.25 
Goodmans 15P 8 or 15 ohm £21.00 
Goodmans 18P 8 or 15 ohm £36.00 
Goodmans Hifax 750 £16. 00 
Good mans Axent 100 tweeter & crossover £7.44 
Good mans Audiom 100, 8 or 15 ohm £13.90 
Goodmans Axiom 401, 8 or 15 ohm £20.00 
Goodsmans Twinaxiom 8" 8 or 15 ohm £10.14 
Goodsmans Twinaxiom 10" 8 or 15 ohm £10.75 
Gauss 12" full range 8 ohm £69.50 
Gauss 12" Bass 8 ohm £69.50 
Gauss 15" full range 8 ohm £75.00 
Gauss 15" Bass 8 ohm £75.00 
Gauss 18" full range ohm 
Gauss 18" Bass 8 ohm £80.00 

£2.06 All the above Gauss (American) speakers are 
£3.00 fitted with 41" voice coils and can handle 200 watts 
£6.31 RMS. 
£3.62 Kef T27 

rol£4.69 Kef T15 
£9.00 Kef 8110 
£4.40 Kef B200 
£6.81 Kef 8139 
£4.44 Kef DN8 
£6.12 Kef DN12 
£9.62 Kef DN13 

£12.31 Richard Allan CG8T 8" d/c roll rurr. 8 ohms 
£5.25 STC 4001G super tweeter 
£7.50 23" 64 ohm, 70mm 8 ohm, 70mm 80 ohm 

£12.00 23." 75 ohm 
£13.95 7" x 4" 3, 8 or 15 ohm 
£14.75 8" x 5" 3, 8 or 15 ohm 
£25.95 10"x6"6,8 or 15 ohm 

£6.06 
£6.94 
£8.37 
£9.50 

£16.50 
£2.31 
£5.75 
£3.87 
£7.37 
£6.56 

.77 

.55 
£1.63 
£1.75 
£2.69 

The Ultimate Radio! 
GRUNDIG SATELLIT 2000 
You've got your yacht, private aircraft, Rolls 
Comiche? - then all you need fora full set of 
status symbols is this latest model Grundig 
Satellit, Germany's top radio! Radio per- 
formance, appearance and sound quality are 
all superb. VHF/FM, MW, LW 10 SW bands 
plus bandspread, 27 transistors and 22 
diodes, Battery/ Mains (110/240v.), 2 
,speakers, 57" telescopic aerial. 

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

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

ji 

Iirtz 
j 

.. , . . . . . _.. . i 
l 

'i 
i i1 ̀ cäi r7 : t- .; 
I 
r-- 

Ì.i_yíO ,. -. . , .11i..e i i.:% , r ̀..... ilÌ - 
WILMSLOW AUDIO, 10 SWAN STREET, WILMSLOW, CHESHIRE 

SPEAKER KITS (Carr. 75p each. £1.50 pair) 
Baker Major Module 3, 8 or 15 ohm each £13.44 
Goodmans Mezzo Twinkit pair £47.19 
Goodsmans DIN 20 4 ohm each £13.44 
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 
Peerless 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 £10.37 
Richard Allan Triple 8 each £15.94 
Richard Allan Triple each £23.12 
Richard Allan Super Triple each £27.50 
Wharfedale Linton 2 kit pair £23.12 
Wharfedale Glendale 3 kit pair £40.61 
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 
Eagle PRO A120, 120 watts RMS £129.00 
Eagle PRO A65, 65 watts RMS £98.50 
Eagle PRO A35, 35 watts RMS £77.00 
Eagles TPA40 mains/12v mobile £50.00 
Eagle HHS 36 watts. mobile 12v. £37.50 
Eagle TPA20 paging amplifier £45.00 
Eagle RA859 Reverb (p. & p. 75p) £18.25 
Eagle RA856 Reverb (p. & p. 75p) £12.50 

& p. 50p) 
Shure 515 SB Low Impedance 
Shure 515 SA High Impedance 
Shure 545 Dual Impedance 
Shure 588 SB Low Impedance 
Shure 588 SA High Impedance 

£17.31 
£18.25 
£34.69 
£23.12 
£23.75 

FREE with loudspeaker orders over E7 - 
"HiFi Loudspeaker Enclosures" book 

All items guaranteed new and perfect 

Prompt despatch 

Carriage: 38p per speaker 12" and up 50p each, 
25p per tweeter, crossover or 21"/70mm speaker 

kits 75p each (E1.50 pair) 

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

Send stamp for free booklet 'Choosing a speaker' 

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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COMPONENTS 
HOBBYIST- PROFESSIONAL - DOMESTIC - SURPLUS - INDUSTRIAL 
JUSTAFEW OF OUR BARGAINS ARE LISTED BELOW -SEND STAMPED ADDRESSED ENVELOPE FOR A QUOTE ON OTHER REQUIREMENTS. PAY US A VISIT. OVER 90'ö OF STOCK BELOW QUANTITY 
WHOLESALE PRICE. RETURN POSTAL SERVICE UNLESS CHEQUE. 

Goods sent at customer's risk, unless sufficient payment for insurance JAP 4 gang miniature sealed tuning included (2p per £1 Min 5p) U.K. only. condensers .. 25p 
VALVE BASES 

Printed circuit B9A - B7G 
Chassis B7 - B9G - B7G 
Shrouded chassis B7G - B9A 
B8A - B9A chassis - B12A tube 

2p 
4p 
6p 
6p 

Speaker, 6" x 4", 5 ohm, ideal for car radio etc. £1 

TAG STRIP -6 way 3p 

1 

VHF Radio Tuner Head 
9 way 5p Single 1p Takes ECC 85 80p 

T03 or T066 
Mica Washer 2p 
18 volt 4 amp charger, 

bridge rectifier 50p 
GC10/4B £3.00 

Telescopic aerial 
Closed 91", open 381" 
Fitted right angle TV 

plug, 50p 
11 glass fuses- 250 m/a or 3 amp (box of 12) 
3" tape spools 8p 1 Terryclips chrome finish 
Brand new Boxed 6K7G 25p 1.5m, log edge pot 
PVC or metal clip on M.E.S. bulb holder 
Geared Knob, Inner to Outer Ratio 8:1 
Bulgin, 5mm Jack plug and switched socket (pair) 
12 volt solenoid and plunger .. 
250 RPM 50 c/s locked frequency miniature mains motor 
200 OHM coil, 21" long, hollow centre 
Belling Lee white plastic surface coax outlet Box 
R.S. 12 way standard plug and shell 

18p 
4p 
8p 
5p 

60p 
30p 
30p 
50p 
10p 
30p 
20p 

SWITCHES 
Pole Way Type 

4 2 Sub. Min. Slide 18p 
6 2 Slide 20p 
4 2 Lever Slide 15p 
2 2 Slide 10p 
1 3 + off Sub. min. edge 10p 
1 3 13 amp small rotary 12p 
2 2 Locking with 2 to 3 keys 

£1.50 
2 1 2 Amp 250V A.C. rotary 24p 
1 2 Toggle 10p 

Wafer Rotary, all types 30p 
S.P.S.T. 10 amp 240v. white rocker switch with 
neon. 1" square flush panel fitting 30p 

PIANOKEY SWITCH UNIT 
5 lever, interlocking 2 pole mains + 3 pole 2 way 
+ 3of6 pole2way 15p 

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. 

31b for 85p + 60p post and packing 
7Ib for £1.75 + 80p post and packing 

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

Clear Plastic Boxes 
For component storage or 
projects, sliding lid. 1;" x 
1"x1" 10p 

KNOBS 
SILVER METAL PUSH ON WITH POINTER, OR 
WHITE PLASTIC, GRUB SCREW WITH POINTER AND 
SILVER CENTRE 8p EACH. 
1" DIAM. WITH 1}" SKIRT SPUN ALUMINIUM 
GRUB SCREW FIXING, ;" 30p EACH. 

ZM1162A INDICATOR TUBE 
0-9 Inline End View. Rectangular Envelope 170V 
2.5M/A £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' 

RESISTORS 
g-4- watt 1 p 
1 watt 2p 
Up to 5 watt wire 10p 
10 watt wire 
wound .. .. 12p 
15 watt .. .. 14p 

Philips transformer, 
safety fused. In 200- 
220-240v. Out 240v 
60ma +6.3v 1 a approx 
2"x21"x21" £1.50 

POTS 
Log or Lin carbon 13p 
Switched 25p 
Dual Pots 38p 
Dual Et switch 50p 
Lin wirewound 25p 
Slider Pot 25p 
Dual Slider 35p 

THERMISTORS 
VA1008, VA1034, 
VA1039, VA1040, 
VA1055, VA1066, 
VA1082, VA1100 ) 

VA1077, 
VA1005, VA1026 115P 

10p 

RELAYS 
12 volt S.P.C.O octal 
mercury wetted high 
speed 75p 
P.O. 3000 type, 1,000 
OHM coil, 4 pole c/o 

60p 
12 volt d.p.c.o. heavy 
duty octal 60p 

Boxed GEC KT88 
valve .. , £2 

THE RADIO SHACK 
.61 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11 
Olen 9.30 a.m. till 8 p.m. Monday to Saturday Phone 01-223 5016 

also Sunday afternoons 

ELECTROLYTICS MFD/VOLT. Many others 
in stock 70- 200- 300- 450 - 
Up to 10V 25V 50V 75V 100V 250V 350V 500V 
MFD 

10 4p 5p 6p 8p 8p 12p 16p 20p 
25 4p 5p 6p 8p 8p 15p 18p 20p 
50 4p 5p 6p 9p 13p 18p 25p - 

100 5p 6p 10p 12p 19p 20p - - 
250 9p 10p 11p 17p 28p - 85p £1 
500 10p 11p 17p 24p 45p - - - 

1000 13p 17p 40p 75p - £1.50 - - 
2000 23p 37p 45p 
As total number of values are too numerous to list, 
use this price guide to work out cost of your 
actual value requirements, i.e. 2MFD, 30V would 
be 5p, or 330MFD, 50V would be 14p, etc. etc. 
8/20,10/20, 12/20 Tubular tantalum 15p each 
16-32/275, 32-32/275, 100-100/150, 100- 
100/275 50-50/300 .. . . 20p each 
50/50-385 30p 
12,000/12, 32-32-50/300, 700/200 100-100- 
100-150-150/320 . . . . 50p each 
20-20-20/350 .. .. 40p each 

INDICATORS 
Bulgin D676 red, takes M.E.S. bulb 
12 volt red, small pushfit 
Mains neon, red, pushfit 

20p 
20p 
20p 

CAPACITOR GUIDE - maximum 500V 
Up to .01 ceramic 2p. Up to .01 poly 3p. 
Up to 1000PF silver mica 5p. 1,200PF up to .01 

up to .25 poly etc. 4p. 
.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 volt, 33PF MIN. AIR SPACED 
5PF, MIN. AIR SPACED, 50PF CERAMIC. 

CONNECTOR STRIP 
Belling Lee L1469, 4 way polythene. 3p each 
Strong grey plastic box same design as die cast 
ali 4" x 2}" x 11" . .. .. 40p 
1" or 1fi" or 1" CAN CLIPS .. 2p 

MAINS DROPPERS 
36+79 ohm 15p 
66+66+158 ohm, 66+66+137 ohm 
17+14+6 ohm, 266+14+193 ohm 20p 
50+40+1k5 ohm 
285+575+148+35 ohm 30p 
25-X35+97+59+30 ohm 

51" x 21" Speaker, ex -equipment 3 ohm 30p 
2 Amp Suppression Choke . 5p 
3x21fx ;" l PAXOLINE .. 2p 
41x+xâ", f .. .. .. 2forlp 
220K Et 100 ohm 3 watt resistors .. 4p 
VALVE RETAINER CLIP, adjustable 2p 

OUTPUT TRANSFORMERS 
Sub -miniature Transistor Type 
Valve type, centre tapped or straight 

25p 
40p 

3 pin din to open end, 1iyd twin screened 
lead 35p 
Whiteley Stentorian 3 ohm constant impe- 
dance volume control way belowtrade at8Op 
Drive Cord 1 p per yd. 

70 RADIO & ELECTRONICS CONSTRUCTOR 
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SEMICONDUCTORS B V81 Mosfet . 90p OTHER DIODES 
Full spec. marked by Mullard. etc. Many other types in stock' BSX20/21 .. 13p IN916 .. 6p 

AC107 .. 12p BC179B 11p BF180/1/2/3 .. 20p BSY40 .. .. 28p IN4148 . 2.5p 

AC127/128/176 10p BC184C 9p BF184/5 15p BU105-01 . 93p BA145/148 12p 

ACY28 .. .. 18p BC186/7 13p BF194/5/6/7 5p CV7042 (0C41 0C44, Centercel 10p 

AD149 .. 40p BC213L/214B 9p BF194A/195C 12p ASY63) 7p BZY61 10p 

AD161 /2 matched pr. 69p BC261 B 10p B F200 . . 10p GET111 40p 138103/110 Varicap 18p 

AF116/7 .. 12p BC327 15p BF258. 28p 0C35 . . 32?p BA182 . 24p 

AF124/6/7 .. 20p BC328 10p B F262/3 23p ON222 30p 0A5/7/10 10p 

AF139/178 30p BC337/8 14p 6F336.. 25p TIP30 52p BZY88 Up to 33 volt 6p 

AF180/1 30p BC547/558A 7p BFS28 Dual Mosfet 92p TI P3055 50p BZX61 11 volt .. 16p 

AF239 .. 20p BC548 9p BFW10/11 F.E.T. 26p TIS88A FET 23p BR100 Diac. 19p 

ASY27/73 25p BCX32/36 12p BFW30 .. £1.35 ZTX300 8p 

BC107A or B 9p BCY40 . . 60p BFW57/58 . . 20p 2N393/MA393 . . 30p 

BC107/8/9 7p BCY70/1/2 9p BFX12.. 20p 2N706 .. 10p INTEGRATED CIRCUITS 

BC108A/B/109B/C 10p BD112/3/5/6 .. 40p BFX29/30/84/88 16p 2N929 .. 14p 741 8 pin d.i.l. op. Amp 22p 

BC147/8/9 .. 6p B D131/2/3/5 .. 30p B FY50/1 /2 12p 2N987 .. 35p TAD100 AMRF £1.00 

BC147A/B 8p B D201/2/3/4 .. £1.00 BFY90 .. .. 50p 2N1507/2219 18p CA3001 R. F. Amp £1.00 

BC148A/B,9B/C/S 8p B D232/4/5 .. 46p BR101 2N2401/2412/2483 25p TAA300 1 wt Amp £1.25 

BC157/8/9 6p BDX77 £1.40 Programmab1e30p 
BRY39 Uni Junction 31p 2N2904/5/6/7 .. 13p NE555v Timer 42p 

BC158A/B 11p BF115 .. 12p BRY56 34p 2N2907A .. 15p TAA550 Y or G 31p 

BC159B/C,157A 11p B F1671173 15p BSV64 .. 40p 2N3053 .. 13p TAA263 Amp 65p 

BC178A/B 12p B F17819 20p BSV79/80 F.E.T.s £1 2 N 3054/3055(or equiv) 35 p ZN414 RX 95p 
2N3704 .. 10p 7483 80p 

BRIDGE RECTIFIERS 2N 3133 18p 7400/2/10/20/30 13p 
Amp Volt Amp Volt 2N4037 35p 7404 14p 

1,600 BYX10 30p 2 30 LT120type 30p 2N 5036 60p 7414 .. 60p 
140 OSHO1 -200 30p 0.6 110 EC433 15p 2SA141/2/360. 31p 7438/74/86 27p 

1.4 42 BY164 35p 5 400 Texas 75 p 2SB135/6/457.. 20p LM300, 2-20 volt 50p 

RECTIFIERS OPTO ELECTRONICS 40250 60p 74154 £1.50 

Amp Volt ORP12 44p Photo transistor 
IN4004 1 400) BPX40 65p BPX29 £1.00 Amp Volt THYRISTORS 

IN 4005 1 600 i 

IN 4006 1 800 } 4p 
BPX42 £1.00 
BPY10 £1.00 

OCP71 30p 1 240 BTX18-200 .. 50p 
1 400 BTX18-300 .. 65p BIG L.E.D. 0.2" 

IN4007 1 1,000 
BY103 1 1,500 15p 
SR100 1.5 100 7p 
SR400 1.5 400 8p 

(VOLTIAC) 
B PY68 
BPY69 £1.00 
BPY77 

2v 50m/A max. 
RED 14p 
ORANGE 
GREEN 16p 

1 240 BTX30-200 .. 40p 
6.5 500 BT102-500R .. 75p 
15 500 BT107 .. £1.00 
6.5 500 BT101-500R 90p 

REC53A 1.5 1,250 14p Diodes YELLOW 6.5 500 BT109-500R .. 75p 
LT102 2 30 10p 20 600 BTW92-600RM . £3.00 

PHOTO SILICON CONTROLLED BYX38-600 2.5 600 40p 15 800 BTX95-800R Pulse Modulated £8.00 
BYX38-300R 2.5 300 36p SWITCH BPX66 PNPN 10 amp £1.00 30 1000 28T10 (Less Nut) £ 3.00 
BYX38-900 2.5 900 45p 
BYX38-1200 2.5 1,200 50p .3" red 7 segment L.E.D.,14 PAPER BLOCK CONDENSER SOLDER 
BYX49-600 2.5 600 34p D.I.L. 0-9 D.P. display 1.9v, 0.25M FD 800 volt 30p Multicore - 4-p foot 
BYX49-300 2.5 300 26p 
BYX49-900 2.5 900 40p 
BYX49-1200 2.5 1,200 52p 
BYX48-300 6 300 40p 
BYX48-600 6 600 50p 
BYX48-900 6 900 60p 

10m/a segment 65p 
1 MFD 250 volt 15p 
2MFD 250 volt 20p 
10MFD 500 volt 80p 
4MFD 250 volt 20p 
15MFD 150 volt .. 50p 

ENAM. COPPER WIRE 
SWG. PER YD. 

18 3p 
20-24 2p 

CQY11 B L.E.D. 
Infra red transmitter £1 

One fifth of trade 

BYX48-1200 6 1,200 80p 
BYX72-150R 10 150 35p 
BYX72-300R 10 300 45p 
BYX72-500R 10 500 55p 
BYX42-300 10 300 30p 

Wire ended glass neons 5p METAL CHASSIS SOCKETS 
Car Aerial .. 
Coax 
5 or 6 pin 240° din 9p 

26-42 1p 
GARRARD 

GCS23T Crystal Stereo 
Cartridge £1.00 Plastic, Transistor or Diode 

Holder 1p 
BYX42-600 10 600 65p Transistor or Diode Pad 1 p Speaker din switched HANDLES 
BYX42-900 10 900 80p Holdersorpads50pper100 3.5mm Switched Socket Rigid light blue nylon 
BYX42-1200 10 1,200 95p 
BYX46-300* 15 300 £1.00 
BYX46-400* 15 400 £1.50 

Philips Iron Thermostat 15p 
Bulgin 2 -pin flat plug and socket 10p 

8 way Cinch standard 
0.15 pitch edge socket 

6k" with secret fitting 
screws 5p 

BYX46-500* 15 500 £1.75 McMurdo PP108 8 way edge plug 10p 20p 14 D.I.L. socket, gold 
BYX46-600* 15 600 £2.00 
BYX20-200 25 200 60p 
BYX52-300 40 300 £1.75 
BYX52-1200 40 1,200 £2.50 
*Avalanche type 

TO3 HEATSINK 
Europlec HP1 TO3B individual 'curly' 
power transistor type. Ready drilled 20p 

plated contacts, NOT 
cheap type 13p 

U.E.C.L. 10 way pin 
connector 266000 
OA1 P10 . 10p Miniature Axial Lead 

Ferrite Choke formers Tested unmarked, or marked 
ample lead ex neW equipment U.E.C.L. 20 way pin 

Amp Volt TRIACS 
6 400 Plastic 74p 

25 900 BTX94-900 £4.00 
25 1200 BTX94-1200 £6.00 

ACY17-20 8p 
ASZ20 8p 
ASZ21 15p 
BC186 11p 
BCY30-34 10p 

0071/2 5p 
OC200-5 10p 
TIC44 24p 
2G240 2-50 
2G302 6p 

connector 
2A60000A1P20 20p 

2p 

DEE PLUG 
McMurdo DA15P 15 
way chassis plug 10p 

U.E.C.L. 10 way pin 
socket 2B606001R10 

10p 12-0-12 50M/A Min. Txfmr. 90p 
BCY70/1/2 8p 2G401 10p 

Pair of LA2407 Ferrox cores Fairway 18009 Coax. 

with adjuster . . .. 25p BF115 10p 2N711 25p U.E.C.L. 20 way pin socket .. 3p 
BY127 7p 2N2926 7p socketB260800A1 R20 

Chrome Car Radio facia .. 15p 
Rubber Car Radio gasket .. 5p 

TIE CLIPS 
Nylon self locking 7" BZY88 series 5p 

HG1005 2p 
HG5009 2p 
HG 5079 2p 
L78/9 2p 
M3 10p 
OA81 2p 

2N598/9 6p 
2N1091 8p 
2N1302 8p 
2N1907 2-50 
Germ. diode 1 p 
GET120 (AC128 
in1" sq. heat sink) 

20p 

DLI Pal Delayline . . 50p BELLING LEE L1354 
TV Aerial diplexer 10p or 3k" 2p 

Relay socket .. 10p 
Take miniature 2PC.0 relay Philips electronic eng- 

ineer kits add on series 
E1004 £1.00 each 

CINCH 150 
12 way edge socket 

10p B7G or B9A valve can 2p 

0-30, or 0-15, black pvc, 360° 
dial, silver digits, self adhesive, 

0A47 2p 
OA200-2 3p 

20p 
GET872 12p RG4-1250 Mercury 1lb Mixed nuts, bolts, 

4f" dia. .. . . 10p OC23 20p 253230 30p vapour rectifier £5.00 washers etc. 35p 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

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

TOTAL GOODS PLUS CARRIAGE, ADD V.A.T. 

MAIL ORDER CUSTOMERS 
ONLY ADD 8" V.A.T. 
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DIRECT SUPPLY SERVICE TO READERS R . 

TOWERS INTERNATIONAL 
TRANSISTOR SELECTOR 

This is dead! 
If it takes you longer than 

1 minute to find out all about 
these transistors then you 
need a copy of TOWER'S 
INTERNATIONAL 
TRANSISTOR 
SELECTOR. Its one 
of the most useful 
working books you will 
be offered this year. And 
probably the cheapest ! 

i' M 
1 .op 

In it you will find a really 1 m 
international selection of 
10,000 transistor types - British, 
Continental European, American and 

Japanese. And we think that they 
will solve 90% of your transistor 

enquiries. 

Current and widely used 
obsolete types were carefully 

selected and arranged in 

Would this replace it? Numero -Alphabetical 
order by an author who 

was uniquely qualified to 
do the job. With his 

compendium, all you need 
to know is the type number 

and you can learn all about a transistor's 
specification ; who made it and where to 

contact them ; or what to use to replace it. 

Look at the entry for 2N909 

TRANSISTOR 
NUMBER 

PM 
OA 
LT I 

PACK- 
AGE 

LEAD 
INFO 

VCB 
MAX 

VCE 
MAX 

VEB 
MAX 

I 

C 
MAX 

T 

J 
MAX 

P 
TOT 

F C 

T OB 
MIN MAX 

H 
FE 

H 
FE 

BIAS USE MFR 
EURO 
EOVT. 

USA 
EOVT ISS 

2N909 NS 1018 LOI 60V 30V 5V 200M5 175C 50CMWF 50M 25P 11OMN 50MA AMG SGI 8SX33 2N731 0 

This is what you will learn from it 
TYPE NO 

POI. 
b 

MAT 

X 
<< 
U S 

AO 
IDEE1N{, 
T1FN'MAICSEAS 

Vu. VN1 V.. 
MAX 

le 

MAX 

T. 

MAIL 

P,,, 

MAX 

I, 
MIN 

Co. 

MAX 

R I 

IN. 
NIAS 

USE SUP 
PLI 
ER 

UK 

SUS 

USA 

SUR 
IS5 

,EXAMPLE) 200 ROD 110 EO BSS 
2NEOR NS TOTS LOI 10/MW 30V 5V MA 12S0F 504 ABP MN MA AMG SGI 33 131 0 

'FOOTNOTE 
NUMFBO- S IC SUGGESTED 
LISTING E2-JFDfC 
N WIN STANDARD 
P IN' 
G - GERMAN UM 

POSSIBLE 
SUBSTITUTE 

S SILICON 

REFER TO CASE SUGGESTED 

OUTLINES PROSLECTRON 
APPENDIX C STANCANO POSSIBLE 
REFER TO LEAD DETAILS- 
APPENDIX B' 

SUBSTITUTE 

CODE MAXIMUM PERMISSIBLE INDICATION POSSIBLE 
COLLECTOR -BASE 
VOLTAGE WITH EMITTER OPEN. SUPPLIER Of DEVICE-SEE 
CIRCUIT 

SUPPLIER APPENDIX F 

MAXIMUMIIPERMI IBLE CODE INDICATION OF 
COLLECTVOLTAGE 

WITH SASE OPEN CIRCUIT APPLICATION 
APPENDIX 

USAGE 
A MAXIMUM PERMISSIBLE EMITTER-SASE 

VOLTAGE WITH COLLECTOR OPEN CIRCUIT CURRENT BIAS AT WHICH CURRENT 

MAXIMUM PERMISSIBLE COLLECTOR CURRENT 
GAIN N IS CHARACTERISED 

SOMETIMNT GAZE. UC AT MT AXIMUM PERMISSIBLE JUNCTION TEMPERATURE 
TENOD 

I, RELATED AC GAIN) AT I, BIAS 
SPECIFIED- WHERE MIN MN ONLY IS 

MAXIMUM PERMISSIBLE DEVICE DISSIPATION- F IN 
I I 

SPECIFIED TYPICAL I -TM I CAN SO TAKEN 
FREE AIR AT 25'C C . WITH CASE SURFACE HELD AT TWICE MIN ANO VICEVERSA 
2E'C H IN FREE AIR AT 25'C WITH METAL NEAT 

SINK ATTAC NED TO DEVICE MAXIMUM 

1,5 L 
COLLECTOR CAPACITANCE (TYPICAL 

MINIMUM FRFOUENCY CUT OFF. F, INDICATED IN 
USUALLY j TO j MAR)-NORMALLY EMITTER 
OPEN_CIBCUIT AND INDICATED ST "P' - 

K KILOHERTZ M MEGAHERTZ G GIGAHFBTZ 
PICOXARAD OR N = NANOTABAD- FOR HI 

F. FREOUENCY AT WHICH COMMON EMITTERCURRENT 
DEVICES C IS GIVEN AND PICOFARADS THEN 

GAIN DROPS TO UNITY TYPICAL F. CAN SE TAKEN AS 
INDICATED SY R INSTEAD OF P 

ROUGHLY TWICE F ,,, 

Tower's 
International 
Transistor £3.30 
Selector 

by T. D. TOWERS 
MBE, MA, BSc, C Eng, MIERE 

inc. post and packing 

To:-DATA PUBLICATIONS LTD. 
57 MAI DA VALE 
LONDON W9 1SN 

Please send me copy/copies 
to the address shown below 

NAME 

ADDRESS 

(Block capitals) 
L _ 
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PREPAK 
Bargains in Semi -Conductors, components, modules & equipment. 
Bargains from our FREE Catalogue 
20 large pages, filled with real bargains in transistors, I.Cs, components, 
equipment, etc. Send large S.A.E. with 7p stamp for your FREE copy of 
6th Edition by return. Meanwhile, for prompt delivery order from this month's 
ad. NOW. 

TRANSISTOR PACKS ALL 50p each 
TESTED AND GUARANTEED 
879 

A 
IN4007 Sil. Rec. H39 6 Integrated circuits 
diodes. 1.000PIV 4 gates BMC 962, 

2 flip flops BMC 945 

H41 2 B0131/BD132 
Complementary 
Plastic Transistors 

H65 
A 

40361 Type NPN Sil. 
Transistors TO -5 can 
comp. to H66 

1 amp. plastic 
B81 10 Reed Switches, 1" 

long }" dia. High- 
speed P.O. type 

H35 100 Mixed Diodes, Germ. 
Gold bonded, etc. 
Marked and Un- 
marked 

H38 30 Short lead Transistors. H68 4 40362. Type PNP Sil. 
NPN Silicon Planar Transistors TO -5 can 

comp. to H65 types 

UNMARKED £t UNTESTED 
B1 50 Germanium Transis- H2O 20 BY126/7 Type Silicon 

:1 tors PNP, AF and RF L Rectifiers 1 amp. 
plastic. Mixed volts 

B66 150 Germanium Diodes 
1J Min. glass type 

BM 100 con Diodes DO -7 
glass equiv. to 0A200, 
0A202 

1386 100 Dil. Diodes sub. min. 
IN914 and IN916 
types 

H34 
15 

Power Transistors, 
:1 PNP. Germ. NPN Sili- 

con TO -3 Can 

H67 10 3819N Channel FET's 
plastic case 

SILICON POWER TRANSISTORS - 
40 WATT 
Type 
40N1 

Gain VCE 
15 15 NPN 

40N2 40 40 NPN 
40P1 15 15 PNP 
40P2 40 40 PNP 
90 WATT 
90N1 15 15 NPN 25p 
90N2 40 40 NPN 35p 
90P1 15 15 PNP 25p 
90P2 40 40 PNP 35p 

NEW X -HATCH GENERATOR Mk.2 

PLASTIC 
Price 
20p 
30p 
20p 
30p 

Essential for Colour T.V. alignment 
of 4 patterns. Featuring plug in IC's 
and a more sensitive sync. pick-up 
circuit. The case is virtually unbreak- 
able -ideal for the engineer's toolbox 
-only measures 3" x 51" x 3". 
Operates from 3 U.2 type batteries 
(extra). 

P &or P 

caom..plete ki 
3p Completot £7:93. Ready builtnly £9.93. kit 

OVER 1,000,000 TRANSISTORS 
IN STOCK ! 

CAPACITOR DISCHARGE 
IGNITION UNITS 
Transistorised. Simple to Fit. 
Improves performance, cuts fuel 
costs 
P & P add 27p £7.50.. 
SUNDRY 

MNFRS. AM/FM CHASSIS 
To clear. NO instructions or tuning 
drives, useful for experimenters. Not 
too difficult to get working. Make 
good portables 

EACH £I 

Metrication Pocket Charts 12p. 8 assorted relays £1.00 (8%). Rev. counter 
device (for cars) £1.00. U.H.F/TV Tuner Units, 625 lines. Rotary Tuning £2.50. 
LM.380 Audio I.C. £1.00 and technical books of all kinds. 

TERMS OF BUSINESS 
V.A.T. Prices shown do NOT include V.A.T. Please add 25% to total value 

of your order, except for items marked with a . or (8%) for which 
the V.A.T. rate is 8%. No V.A.T. on overseas orders. 

POSTAGE. Except where stated, add 22p for postage & packing in 
U.K. Overseas -add £1, any difference being charged of 
refunded. 

PAYMENT Cash with order, Cheque or money order. Minimum value -C1. 
You can also pay by ACCESS. 

IMPORTANT -Every effort is made to ensure accuracy of prices and 
description at time of preparing this advertisement and going to press. 
Prices are subject to alteration without notice. 

challenging values! 

Stirling St urn 1 

STIRLING SOUND AUDIO MODULES come to you as basic units 
assembled on P.C.Bs enabling you to add required components in 
layouts of your own choice. Modules are tested and boxed before 
despatched and include well printed instructions. 

AMPLIFIER MODULES 
Pre -amplifiers: tone control 
SS.100 Active tone control unit to provide bass, treble, 

balance and volume controls £1.60 
SS.101 Pre -amp for ceramic cartridge, tape and radio £1.50 
SS.102 Pre -amp for low output magnetic cartridge, tape 

and radio. With R.I.A.A. correction ...1dB at 1K £2.25 

POWER AMPLIFIERS 
SS.103 Compact I.C. amp. with 3 watts R.M.S. output. 

Operating voltage 6 to 22. Size 31"x 2" £1.75 
SS.103-3 Stereo version of above using one I.C. on each 

channel £3.25 . 

SS.105 A compact and useful all-purpose amplifier which 
MK.2. will run excellently on a 12V supply. With 5 watt 

output two make a good stereo amp. Size 29" x 1 q" £2.25 
SS.110 Similar in size to SS.105 but with a 10 watt 
MK.2. output. Ideal for many domestic and small -size 

P.A. applications. Operates from 26 to 32V. - £2.75 
SS.140 Excellently designed 40 watt R.M.S. (into 4 ohms) 

hi-fi amplifier. S/N ratio better than 75dB. THD 
better than 92%. Power requirements -45V. d.c. 
With 0-15" centre edge connections. Two can be 
bridged to give 80 watts R. M.S. into 4 ohms £3.60 

THE MODULES TO BUILD A STEREO F.M. TUNER 
SS.201 Ganged tuning condenser with accurately engineer- 

ed slow-motion drive in rugged housing. Excellent 
sensitivity. Tunes 88-108MHz. With A.F.C. facility. 
Operates from 6V -16V £6.25 

SS.202 I.F. stage (with I.C.) Pre -tuned. A.F.C. connection. 
Operates from 4.5 to 14V. £5.25 

SS.203 Stereo Decoder. Designed essentially for use with 
SS.201 and 2, this module can also be used in most 
mono FM tuners. A LED may be attached. Operating 
voltage 9-16V. d.c. £5.62 

POWER SUPPLY STABILIZER 
SS.300 Add this to an unstabilised supply (say typically 

45V. output) to obtain a steady powerful working 
output adjustable from 12 to 60V. Essential for your 
audio and special systems. Money saving and very 
reliable. Ideal for workbench use. £3.25 

MAINS TRANSFORMERS FOR ABOVE 
Add 38p P. & P. per transformer 
Type A 18v/1A (Suit SS. 103) 
Type B 25v/2A (Suit SS. 110) 
Type C 30v/2A (Suit SS. 140) 
Bridge Rectifier Type A 27p Type B/C 38p 

STIRLING SOUND DISCO 
MINOR 

£1.50 
£2.00 
f3.25 

Fully transportable. Console fitted twin turntables with cross fade, 
monitoring, L -R cueing, mic. with over ride. Ampower 40 loudspeaker 
has built-in mains powered 40 watt RMS power amp. Up to 10 Am- 
power may be added. With one Ampower and console £10D 
plus V.A.T. at 25%. Carr. U.K. £3.50 (8°41 SS.300 

To BI-PRE-PAK, 224-226 WEST RD.. WESTCLIFF-ON-SEA, ESSEX 

SS.202 

SS.203 

- - 
'.o Re.; No 137tr'ilS 

222 224 WEST ROAD,WESTCLIFF-ON-SEA, ESSEX SSO 9DF. 

TELEPHONE: SOUTHEND (0702) 46344. 
WRITE ORDER SEPARATELY AND ATTACH COUPON IF REQUIRED 

SEPTEMBER 1975 
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Please send 

for which I enclose 

Name 

Address 

inc. V.A T. 
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Here's a brief selection from our full 
range of WCs, components & modules: 
AM radio system: 
EC720 varicap tuned MW radio tuner 
with ceramic IF filter, and IC signal 
processing system. .. .. kit £8.00. 
Three gang tuning diodeMVAM1 : 

£2.75 each. 2 gang MVAM2: £1.05. 

DENCO (CLACTON) LIMITED 
355-7-9 OLD ROAD, CLACTON -ON -SEA, ESSEX 

Our components are chosen by Technical Authors and Constructors throughout 
the World for their performance and reliability, every coil being inspected twice 
plus a final test and near spot-on alignment as a final check. 

Our General Catalogue showing full product range 
DTB4 Transistor & Valve circuitry for D.P. Coils 

DTB9 Valve Type Coil Pack Application circuity 
MD 1 Decoder Circuitry for Stereo Reception 

28p 
28p 
28p 
28o 

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

RADIO Et ELECTRONICS Product info folds 40p 

CONSTRUCTED. 

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

10 

-20 

)7T 

2OKH 

455kHz mechan'cal filters 
£1.45 ea (4 or 7 kHz BW) 

CFS 
10.7MHz 

S 

11 
ceramic FM 
IF filter 40p. s18 VHF coils 

POA 

Ambit is the wireless specialist. We supply tuners, tunerheads, components, modules 
and accessories specifically to provide a 'one stop' wireless constructor's source. 

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. 

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. 

I AMBIT INTERNATIONAL 37 High Street, Brentwood, Essex. 

CAII prices quoted exclude VAT. Postage 20p per order. Min CWO £2. Min. invoice £7.50. 
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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 special spring stand gives safe, easy 

location of the iron and spare bits. The 
heavy heat -resistant base is complete 
with non -slip pads and bit cleaning 
sponge. 

Send cheque/PO direct, or ask for leaflet. 

Conqueror Iron Only £3.08 
Iron & Spring Stand £5.39 
Iron, Stand & set of 
4 spare copper bits £6.90 
(Prices include 8% VAT 
and p. & p.) 

LIGHT SOLDERING DEVELOPMENTS LTD 
97-99, Gloucester Road, Croydon, CRO 2DN. 01-689 0574 LS/M 

Have you seen 
this years most important 
component catalogue yet? 

NFNRy'S 

HENRY'S 1975 
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 
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 
+20p p & p 

Get your copy NOW - send remittance of 70p (cheque or P.O.). 

Complete with 
FREE 50p 

Discount Voucher! 

FREE to Educational 

Establishments when ordered 

on official headed notepaper. 

ELECTRONIC FOOTBALL & TENNIS 
WITH THE FABULOUS 

VIDEO SPORT 
ON YOUR OWN TV 
Play three exciting 
electronic ball games 
FOOTBALL, TENNIS, 
HOLE IN THE WALL on 
your own TV! lust 
plug Video Sport into 
the aerial socket of 
Your TV and away you 
go. Completely safe 

for you. your children 
and your TV. Mains 
operated. 

OUR INCREDIBLE PRICE 

£29.50 inc VAT 
DEMONSTRATIONS NOW IN ALL CENTRES! 

SINCLAIR MODULES ft KITS 

Sinclair Project 80 
ST80 Stereo preamplifier [14.05 
Audio Filter Unit [8.17 
Z40 15 Watt Amplifier [6.40 
Z60 25 Watt Amplifier [8.17 
PZ5 Power Supplies for 1 or 2 Z40 [5.72 
PZ6 Power Supplies (S Tab) for 1 or 2 Z40 [8.18 
TRANSFORMER FOR PZe [4.86 
FM TUNER [14.05 
STEREO DECODER [9.34 
IC20 power amp kit £9.34 
PZ20 power supply for 1 or 2 IC20 £5.88 

AM/FM MODULES 
LP1179 LP1171 

Combined AM/FM tuner modules. together with a 

small number of R - CS Ferrite Aerial. make up 
sensitive FM/MW/LW tuner. 

6 Volts supply, supplied with data and circuit 
sheets. 

MOLAR°, 
rim ELECTRONICS STORE OPEN. 

Irr UPPER PARLIAMENT ST. NOTTM. 
TEL (ACE 40103 

LNI ONDON 

COURT Ro. w 
ILOWEP SALES FLOOR) RADIO meykr 

TEXAN 
STEREO AMPLIFIER 

Features glass fibre PC board. 
Gardners low field transformer, 
6-CI.s. 10 -transistors plus 
diodes. etc. Designed by .. 

Texas rostra 
for Hen 

and 

merits - 
engineers 

P.W. 1972. Overall size .:, 
15} x 21 x 6f in. Mains operated. Free teÀk sleeve 
with every kit. 

£29.95 (p. & p. 50p) 
(also built and tested C39.95) 

TEXAN STEREO FM TUNER 
Features capacity diode tuning, LED and tuning meter 
indicators, mains operated. High performance and nd 
sensitivity. Overall size in teak sleeve 8 x 2f x 6*in. 
Complete kit with teak sleeve. 

£26.25 (p. & P. 50p) 
(also built and tested £31.20) 

,PACKAGE DEALS 
2 x Z40 ST80 PZ5 £29.32 
2 x Z60 5T00 PZ6 £32.60 
2 x Z60 ST80 PZB-trans £40.42 
805 Kit £42.25 

Sinclair Special Purchases 
'Project 60 stereo preamp £7.94 (post 20p) 
Project 605 Kit £23.44 (post 25p) 

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

(torr./packg. 35p) 

Elecrromc Centres 
404.406 Electronic Components & Equipment 01 402 8381 
354 PA -Disco -Lighting High power Sound 01 402-5854 
303 Special offers and bargains store 

A// marl to 303 Edgware Road London W2 r8W 

Ili Fr and 
E Fet rronrcn 
Centres Open 
9am- 6pm 

Paces correct at t,me efprepararron Sub/ecr ro change wrthoue norrce E 
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No - I'm not referring at the moment to My Old Dutch, but 
to the fact that for almost thirty years I've been getting my 
radio and electronic bits and pieces from Home Radio. 
Hundreds of orders I've sent them, and I've always been 
delighted with the courteous and efficient service I've 
received. What's more, on the many occasions when I've 
called at their Mitcham shop, I've found the same friendly, 
business -like atmosphere. On the few occasions when 
they've slipped up (they don't claim to be infallible) they 
have really gone out of their way to put things right and to 
ensure my satisfaction. 
If you've been reading these adverts during the last few 
months you'll know that a young friend of mine has 
experienced the same satisfaction. Perhaps we two typify 
the thousands of electronic fanatics, young and old, who 
have found Home Radio Components a wonderful back-up 
service for a fascinating hobby. 
If you are not yet with us why not join us right away? Your 
first step of course is to invest in the famous Home Radio 
Components catalogue. It's an eye opener! From the 

75p plus 33p POSTIKINNG 
PACG 

The price of 108p applies only to customers in the U.K. 
and to BFPO Addresses. 

moment you remove the wrapper and gaze on the beautiful 
colour picture of Barbara Hepworth's "Theme on Elec- 
tronics" until you reach the Index at the back you'll find it 
as absorbing as a first class thriller. The 240 pages are 
packed with details of over 6,000 items, nearly 2,000 of 
them illustrated. 
If you're a meany like me you'll probably use the same 
catalogue for several years (Home Radio keeps me up to 
date on prices by sending me new price lists free); but if 
you're keen to keep up with all the latest developments in 
electronic components then you'll get each edition as it's 
published. In any case, when you start ordering compo- 
nents you can recoup 70 pence of your 108p investment by 
using the 'save -money' vouchers supplied with the 
catalogue. You can't lose. 
So why delay? Send the Coupon below today with a 

cheque or P.O. for 108 pence, and look forward to at least 
thirty years of happy co-operation with Home Radio 
Components! 

P/ease write your Name and Address in block capitals 

NAME 

ApDRESS 

HOME RADIO (Components) LTD., Dept. RC 
234-240 London Road, Mitcham, Surrey CR4 3HD 

L - 
HOME RADIO (Components) LTD., Dept. RC, 234-240 London Road, Mitcham, CR4 3HD Phone 01-08 8422 
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PARALLEL 

COMB/NAT/ON 

LOCK 
The author's prototype push-button unit. He 
has coined the term 'Paralox' to identify the 

system. 
By Craig K. Seilen 

An ingenious electronic lock which incorporates a 555 timer 
and four silicon controlled rectifiers, or thyristors, and which 
can only be opened by pressing five buttons in correct sequence. 

THIS ELECTRONIC LOCK WILL OPEN ONLY AFTER A 

correct pre-set combination of operations involving 
five push -buttons has been carried out. A master button 
must first be pressed, and this actuates a 15 second 
timing period in which the remaining four buttons 
must be pressed in the correct order. There are a 
further five buttons in the lock which, if pressed, 
automatically cancel any circuit which may have been 
completed by the last four buttons of the correct 
sequence. 

555 TIMER 
As may be seen from the circuit of Fig. 1, the heart 

of the combination lock is a timer i.c. type 555. The 
master push-button is Si. When this is pressed the 
timer is tfiggered and C2 commences to charge up to 
the positive 12 volt supply via R3. At the same time, 
the output at pin 3 goes high. When C2 has charged 
to of the supply voltage the timing period comes to 
an end, whereupon C2 is rapidly discharged and the 
output at pin 3 goes low again. Thus, if S1 is pressed 
and no other push -buttons are touched, an output of 
slightly less than 12 volts positive appears at pin 3 
for the length of the timing period. With the values 
shown for C2 and R3, this period is of the order of 
15 seconds. 
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The 555 output is connected to the base of TR1, 
with the result that a positive supply voltage is available 
at the emitter of this transistor, during the timing 
period, for the thyristors TH1 to TH4. It is next neces- 
sary to press S2, whereupon a triggering current 
flows through the gate and cathode of TH1, and then 
through R5, allowing TH1 to become conductive. 
TH1 remains in this state after S2 is released. A 
positive voltage is now available at the cathode of 
TH1, with the result that it becomes possible to turn 
on TH2 by pressing S3. The cathode of TH2 also 
becomes positive, and it is possible to turn on TH3, in 
turn, by closing S4. If, finally, S5 is pressed, TH4 is 
made conductive and causes a relatively high base 
current to flow in power transistor TR2. The collector 
current of this transistor then energises the solenoid, 
which removes the bolt securing the protected area. 

As can be seen, it is necessary to first press S1 to. 
set off the timer, and then press S2, S3, S4 and S5 in 
that order to open the lock. Also, these four buttons 
must all be pressed within the 15 second timing period. 
A pilot lamp, PLI, is employed to indicate when the 
correct sequence of push-button operations has been 
carried out. Diode Dl is included in circuit merely to 
protect TR2 from high back-e.m.f. voltages from the 
solenoid coil when the latter releases. 
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Fig. 1. The circuit of the electronic lock. S1 to S5 have to be closed successively to operate the solenoid 

There are a further five push -buttons, S6 to S10, 
whose function is to cancel any correct push-button 
sequences which may already be set up. If any of these 
last five push -buttons is pressed the timer is reset, 
causing C2 to be discharged and the output at pin 3 
to go low. Any thyristors which have been made con- 

ductive are therefore automatically turned off. The 
timer will start another 15 second timing period when 
the cancelling push-button is released, but it will still 
be necessary to find the correct sequence in S2 to S5, 
without inadvertently pressing any button in the S6 
to S10 group. 

Resistors 
(All watt 10%) 

R1 3.9kû 
R2 3.9kû 
R3 1Mû 
R4 6.8kû 
R5 
R6 
R7 
R8 
R9 

6802 
6802 
6801.1 
5602 
see text 

COMPONENTS 

Capacitors 
Cl 0.01µF 
C2 100' electrolytic, 16 V. Wkg. 
C3 1,000µF electrolytic, 16 V. Wkg. 

Transformer 
Tl Mains transformer, secondary 10-0-10V 

at 2A 

Semiconductors 
IC1 555 
TRl BD124 
TR2 BD124 
TH1-TH4 CRS1/05 
D1 1N4002 
D2-D4 silicon rectifiers, 50 p.i.v. 2A 

Lamp 
PLI pilot lamp, 12V O.1A 

Switches 
S1-S10 push -buttons, press to make 
Si i s.p.s.t., toggle 

Miscellaneous 
Solenoid (see text) 
Pilot lamp holder 
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The code can be altered at will by removing 
push -buttons and re -positioning them at different 

points on the front panel 
SOLENOID 

The solenoid may be home-made and should draw 
a maximum current of some 500mA, this corresponding 
to a coil resistance of 240. A miniature solenoid with a 
coil resistance of 150 and an operating range of 42 to 
9 volts is advertised by Henry's Radio, Ltd., and this 
could be used with a 150 3 watt resistor in series with 
the coil. This solenoid has a maximum stroke of g in. 

Small power transistors are chosen for TR1 and 
TR2 because of the collector currents involved. They 
may be mounted on small heat sinks of about 1 by 
1 in., although in practice they suffer little dissipation 
and should run quite cool. 

If the solenoid requires a different operating voltage 
than the 12 volts available in, the present circuit, or a 
higher current than that just mentioned, R8 and TR2 
may be replaced by a relay, as shown in Fig. 2. The 
relay contacts now complete the solenoid circuit. The 
relay should be capable of energising reliably at a little 
less than 12 volts and its coil resistance should be 
between 700 and 2000. If a 12 volt solenoid whose 
coil falls in the same resistance range is to be employed, 

55 

TH4 

1N4002 -- Relay coil 

Relay 
contacts 

To solenoia 
circuit 

Fig. 2. An alternative method of controlling the 
solenoid 

D2 

A.C. 
mains 

+12V 

Fig. 3. A suitable power supply with automatic 
standby battery 

it may be connected in the cathode circuit of TH4 in 
place of the relay coil, whereupon R8 and TR2 of 
Fig. 1 are not required. 

A suitable power supply is illustrated in Fig. 3. The 
mains transformer should have a secondary voltage 
rating of 10 0 10 volts at 2 amps. Should it be difficult 
to obtain a transformer with this rating, a possible 
alternative is the Osmabet type OMT4/2 transformer, 
listed by Home Radio. This transformer has a 2 amp 
secondary with taps at 0, 5, 20, 30, 40 and 60 volts, . 

whereupon 10 0 10 volts become available from the 
20, 30 and 40 volts taps. A transformer with a 12-0-12 
volt secondary should not be used as the peak rectified 
voltage available from this could just exceed the 
maximum supply voltage value of 16 volts which is 
specified for the 555. 

BATTERY 
B1 is a 12 volt re -chargeable battery which comes 

into operation in the event of mains failure. Normally, 
rectifier D4 is reverse biased, but in the event of a power 
cut the voltage at the positive rail falls below 12 volts 
and D4 conducts, coupling the positive terminal of the 
battery to the positive rail. 

Resistor R9 and switch Sii are optional. When Sii 
is closed a small trickle charge current flows into the 
battery via R9. The value of this resistor depends upon 
the type of battery employed, and care should be 

The push-button unit in use. The lock will not 
release unless the buttons are pressed in the 

correct sequence 
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taken to ensure that there is no risk of over -charging. 
The charging current will, of course, cease if the 
battery voltage rises to the same level as the rectified 
voltage. 

The author's prototype unit can be seen in the accom- 
panying photographs. The ten push -buttons are 
mounted on a thick aluminium panel, with a number 
against each. These numbers do not, of course, cor- 
respond with the switch numbers in Fig. 1. If it is 
desired to re -position any push -buttons to alter the 
code, they may have their búsh-mounting nuts removed 

and then be fitted in alternative holes. This process is 
simpler than that of unsoldering and re -soldering the 
connecting wires to the push -buttons. 

EDITOR'S NOTE 
The author is resident in America, and his original 

circuit incorporated sensitive thyristors which are not 
easily obtainable in the U.K. In consequence, we have 
slightly modified the thyristor section of the circuit to 
allow the use of more readily available components. - 
Editor. 

CONSTRUCTOR'S 
CROSS WORD 

Compiled by D. P. Newton 

Clues Across 
1. A bit testy (5) 
4. A constant from the alphabet (5) 
7. Charge for it (7) 
9. You can hear it before noon (2) 

10. Definitely not imaginary (4) 
12. I'm perhaps Maxwell's demon (3) 
13. Do they rub the tapes? (7) 
14. Just a mho while I reciprocate (3) (Anag.) 
15. Ron had to turn about at this gate (3) (Anag.) 
18. Neither he nor she (2) 
21. Old King Coil (5) 
22. A short, transistorised dope (2) 

(Chemical symbol) 
23. What power, James! (5) 
24. A mathematician with a strong magnetic 

field (5) 
25. A small part of an inductor (2) 
26. Crops up with painful frequency in radio (5) 
27. Land - (2) 
29. What a shocking creature! (3) 
33. Anger (3) 
34. A.C. measure at the bank (7) 
35. A bit more than the usual voltage (3) 
37. A short 1-2 (4) 
38. Stitch in the Stationery Office? (2) 
39. Tune in for the trains (7) 
41. Gone to make a bridge now that Wheat is 

no more (5) 
42. Another slippery oldie mixed up (5) (Anag.) 

Clues Down 
1. Italian radio (7, 8) 
2. A capacity for religious resistance to 

coupling (2) 
3. We have him to thank for piles (10. 5) 
4. How low can a transistor get? (5) 
5. Not another radio -mad meat -eater? (3) 
6. Currently his coil (7, 8) 
8. Boat propellers (4) 

11. A root mean square found in an arsenal (4) 
12. The electrified wanderer through gases and 

liquids (3) 

I 2 4 .5 6 

] B 

° 
10 . II . . . 12 

13 . 
14 . IS 

16 I] 

IB 19 20 21 22 

23 

24 
25 26 27 

29 31 
28 . 32 33 

34 

35 36 

3' 
38 . 39 ....40 

41 

42 

16. Never nay (2) 
17. A bird who made a light bulb (4) 
19. Circle toucher but no gent (3) 
20. Did you see rats about through that 

telescope? (4) (Anag.) 
22. Burnt out (3) 
26. Not she (2) 
28. Wine about a bridge (4) (Anag.) 
30. Rented (3) 
31. An uplift in pay (5) 
32. Inwards inside Badminton (4) 
36. Increase the amps and feel it (3) 
40. Definitely not (2) 

(Solution on page 119) 
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NEWS AND 
NEW BRAND NAME IN D.I.Y. CAR ENTERTAINMENT 

Brown and Geeson, a company known 
both as, a manufacturer of specialised car accessories 
and equipment, and as one of the UK's leading lights in 
the export of these products, now announces a new 
range. B-G `Inca' Fit -Kits. 

internationally 

Comments Brown and Geeson Managing Director 
Ray Brown, 'We have watched the growth of the DIY 
market for in -car entertainment ancilliary equipment 
with great interest. Our new Inca range is a comprehen- 
sive selection of equipment, carefully selected and priced 
to meet market demand, and attractively carded in our 
characteristic yellow and black livery to give maximum 
point of sale impact, and easy display! We are convinced 
that the INCA FIT -KIT range from B&G will prove as 
successful with retailers as have our other products'. 

The B-G Inca Fit -Kit range includes speakers, grilles 
and grille spacers, fascias and mounting kits, balance 
controls, aerial extension and speaker leads and other 
items. 

Full details and prices may be obtained direct from 
Brown and Geeson Ltd., 1-23 Queens Road West 
London E13 OPA. 

ANTISEPTIC FIRST AID SPRAY 
Now you can buy an antiseptic in an aerosol which 
soothes and protects cuts, grazes, minor burns and 
scalds without stinging. 

`Disphex' contains povidone iodine in a dry powder 
form, which uniquely gives the outstanding antiseptic 
properties of iodine, but is non -greasy, non -staining 
and non-irritant. 

With `Disphex' there is no need to touch sore broken 
skin, the protective antiseptic film that forms over the 
wound will prevent infection and assist healing, and can 
be easily removed by water when required. 

With `Disphex' in your car or home first aid kit, you 
are ready for most everyday emergencies, it is particu- 
larly convenient for family holidays and outings to the 
beach. 

`Disphex' is formulated and produced by Avlex 
Limited, a subsidiary of Imperial Chemical Industries 
Limited, and is available from chemists at 69p for a 
55gm aerosol. 

nisphex. 
THE DRY ANTISEPTIC E RST-AID SPRAY 

COMPACT SWEEP/FUNCTION 
GENERATOR 
The newest Exact sweep/function generator, Model 121, from Dana Electronics of Collingdon Street, Luton is 
easy to carry and is one of their most compact generators 
to date. It offers a dynamic frequency range from 0.002 
Hz to 2 MHz, with sine, square, triangle and variable 
time symmetry of all waveforms for ramp and pulse 
)peration. An internal ramp generator is provided to 
sweep the main generator over an adjustable sweep 
width from zero to 1000:1. The rate of this ramp (sweep) 
generator is continuously adjustable from 1 ms to 10 s. 

The Model 121's miniature size, high -impact -resist- 
ance case and versatile performance should make it 
attractive to schools, radio amateurs, and service 
repair -men, as well as the more obviously interested 
sophisticated laboratories. Price £155.00. A model with 
a built-in 20 dB step attenuator (Exact 121A) is avail- 
able at £195.00. 
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 COMMENT 
PICTURES FROM AN EXHIBITION 

The above heading does not refer to the well known 
musical suite by Mussorgsky, but to the International 
Radio and TV Exhibition 1975 Berlin. 

The photo above shows a hostess at the exhibition 
officiating at one of the stands. The top right hand photo 
shows another typical scene inside the exhibition hall, 
and the one below it, is of the crowds at the outside part 
of the exhibition - the Radio Tower can be clearly seen. 

EVENING CLASSES 
At the De Beauvoir Evening Institute, Tottenham Road, 
Balls Pond Road, London, N.1., a booster course for 
those who have unsuccessfully taken the RAE examina- 
tion and do not want to start from scratch again, is to 
be held. 

The tutor is Fred Barns, G3AGP, enrolment com- 
mences on the 15th September, but it is possible to enrol 

at any time during the term. 
At the Headquarters of the Bury and Rossendale 

Radio Society, Cecil Square, Bury, Lancs, courses will 
be held for the Radio Amateur Examination, com- 
mencing in the Autumn. 

Details regarding fees, enrolment, dates of classes 
etc., can be obtained from J. Marrow, 12 Halcombe 
Road, Tollington, Nr. Bury, Lancs. 

SLOW -SCAN TV CONVENTION 
This Convention, organised by the British Amateur Television Club, 
will take place at Aston University, Birmingham, on Saturday, 11th 
October, from 1000 to 1800 hrs. 

The Convention is open to all who are interested in this fascinat- 
ing topic whether they belong to the B.A.T.C., or not. There will be 
lectures and displays of equipment and plenty of opportunity for the 
exchange of ideas. There is a charge of 50p to cover expenses, and 
tickets may be obtained from Mike Champion, G8DLX, 16 Percival 
Road, Rugby, CV22 SJS. 

SPECIAL ISSUE -FREE VEROBOARD 
We are pleased to announce that our next issue, to be published on 
1st October, will be a Special Issue in which will be included FREE 
with each copy a piece of Veroboard of 0.15 in. matrix having 7 strips 
by 16 holes. 

Two very attractive projects which can be built using the Veroboard, 
have been especially designed by our Technical Editor - J. R. Davies, 
and are fully described in the issue. Project One is a VERSATILE 
LIGHT ALARM and Project Two is a BROADCAST BAND 
RECEIVER. There will also be many other interesting articles plus 
all the usual features. 

As the issue will sell very quickly, readers who have not placed a 
regular order with their newsagent are advised to order NOW. 
SEPTEMBER 1975 
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0 E2 EMU U-3 

STEREO DISC 

REPRODUCTION 

g O 

By P. R. Arthur 

Some basic facts on the recording of two stereo channels. 

THERE IS NOW PROBABLY A STEREO RECORD PLAYER 

of some sort in most British households, and 
designs for stereo record players or amplifiers for use 
in such equipment appear frequently in the electronics 
constructional press. However, quite a few con- 
structors, including newcomers to the hobby, are not 
too clear about the manner in which a stereo signal is 

recorded on a disc. 
This article gives a brief and non -technical descrip- 

tion of reproduction from a stereo record. 

MONO REPRODUCTION 
$e afore describing the method of stereo recording and 

reproduction, a brief look at mono recording is in 
order. The waveform of the recorded signal is cut into 
the original disc and, after a number of manufacturing 
processes, reproduced on the subsequent copies in the 
form of a small groove. During playback the stylus is 
placed in this groove and is caused to move in sym- 
pathy as the record rotates. Stylus vibrations are 
changed to electrical signals in the pick-up cartridge, 
either by an electromagnetic process in a magnetic 
cartridge or by a piezoelectric effect in a crystal or 
ceramic type. The signals are amplified and fed to a 
loudspeaker, which then reproduces the original sound. 

Pick-up head j 

) 

Stylus 

Groove 

Fig. 1. On a mono recording the groove modula- 
tion is lateral only 

As can be seen from Fig. 1 the disc groove modula- 
tion is lateral, i.e. from side to side. There is no vertical 
modulation of the groove, which has a virtually con- 
stant width. 
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STEREO SYSTEM 
There is more than one possible method of producing 

a stereo recording on a disc, but the single method in 
universal use today is the 45/45 system. In this system 
the stylus can be moved in both the lateral and vertical 
directions. 

Direction of R.H. modulation 

Diréction of L.H. modulation 

Fig. 2. A cross-sectional view of a stereo record, 
showing the modulation directions of the two 

walls 

A cross-section of a 45/45 disc is shown in Fig. 2, 
and it will be seen that the walls of the groove are at 
right angles to each other, and are each at 45° to the 
horizontal. Hence the name of the system. One channel 
of the stereo signal modulates each wall of the groove 
and the diagram shows the directions of modulation. 
The wall carrying the left-hand channel is that nearer 
the centre of the record. 

Obviously, the movement of the stylus will be of a 
complicated nature even when a fairly simple stereo 
recording is being played. The diagrams in Fig. 3 show 
theoretical groove outlines for particular examples 
of modulation and a study of these can give an insight 
into stylus movement. Fig. 3(a) shows groove outline 
with no modulation on either wall. As is to be expected, 
groove width is constant. In Fig. 3(b) the right-hand 
channel only is modulated, and the right-hand wall 
will rise and fall along the direction of the right-hand 
modulation arrows shown in Fig. 2. The stylus will be 
similarly moved, 45° to the horizontal, along this 
direction. Fig. 3(c) shows the effect where only the 
left-hand channel is modulated. 

In Fig. 3(d) both channels are modulated by identical 
signals which are exactly out of phase. The wall out- 
lines on either side are symmetrical, with the result 
that the stylus will suffer no lateral displacement but 
will be moved up and down vertically. Fig. 3(e) shows 
groove outlines when the channels are independently 
modulated, as would occur during a practical stereo 
recording. There are combinations of movement along 
both the left and right hand modulation directions. In 
Fig. 3(f) both channels carry identical signals which 
are in phase. Here, one wall goes down as the other 
goes up, whereupon the groove bottom remains at the 
same depth and the stylus is moved laterally from side 
to side. This groove is the same as would be given in a 
mono recording system. 

A stereo cartridge has two transducers, one for each 
channel, and it is mechanically constructed so that 
each transducer is sensitive to only one of the two 
modulation directions. Since these are at right angles 
to each other, quite good channel separation can be 
obtained. This is not as high as with other pieces of 
stereo equipment, being typically in the region of 20 
to 30dB, but it is still quite adequate in practice. 
SEPTEMBER 1975 

COM PATABILITY 
When stereo discs were first introduced it was the 

aim that they should be compatible with mono record 
players, and that mono discs would be compatible 
with stereo record players. This was one of the main 
reasons for the adoption of the 45/45 system. 

If a mono record is played on a stereo record player, 
the same signal level is applied to both channels. 
This is because, as was shown in Fig. 3(f), the groove 
on a mono record is equivalent to that given on a 
stereo record when both channels are identical and 
are in phase. Thus, playing a mono record on a stereo 
player gives the same effect as a single speaker placed 
centrally between the two stereo speakers. 

Groove outlines 

\ 

\\ 

(a) (b) 

(d) (e) 

(r) 

(f ) 

Fig. 3. The outlines of a stereo groove handling 
different signals. (a). No modulation. (b) Right- 
hand modulation only. (c). Left-hand modulation 
only. (d). Both channels identical and out of 
phase. (e). Both channels independently modu- 
lated. (f) Both channels identical and in phase. 

Unfortunately there is less compatibility between a 
stereo disc and a mono record player if the latter has 
a cartridge whose stylus is intended for lateral move- 
ment only. Since the stylus has relatively low com- 
pliance in the vertical direction some loss of quality is 

inevitable. Of more importance is the fact that a mono 
cartridge of this type may damage the grooves of the 
stereo record. 

Mono -stereo compatible cartridges are of course 
available, and give improved performance. A more 
common approach in modern mono record players is 

simply to use a stereo cartridge with its two outputs 
suitably paralleled. 
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AUTOMATIC GARAGE 

LIGHT 
By G. A. French Suggested Circuit 298 

NE OF THE MINOR IRRITATIONS OF 
life is to drive into a garage at 

night time and then fumble in a dark- 
ness relieved only by the car courtesy 
lamp until one is able to turn on the 
garage light. In the device which is 
described in the present article in the 
"Suggested Circuit" series this annoy- 
ance is overcome in a somewhat novel 
way. As has come to 
rest the headlamps are momentarily 
switched on and then off. The light 
from one of the headlamps activates a 
photoconductive cell affixed to the 
wall of the garage and this causes the 
garage light to be turned on. The garage 
light will then remain illuminated for 
a period of some two to seven minutes 
according to the choice of the con- 
structor, and will then automatically 
switch off again. This provides enough 
time to leave the garage. If desired, a 
switch in the garage can be turned on 
during the period when the light is 
illuminated. This switch over -rides 
the timing circuit and enables the 
garage light to stay on after the 
timing period has come to an end. 

The photoconductive cell is mounted 
so that it is in the centre of one of the 
headlight beams when the car is in its 
normal parked position. Obviously, 
the circuit cannot be employed if it is 
possible for ambient light of equal 
intensity to the headlight beam to fall 
on the photoconductive cell, since the 
ambient light will then also cause the 
garage light to be turned on. Because 
of this, the photoconductive cell needs 
to be mounted in a relatively shaded 
position and this should be available 
in most enclosed garages. It is, in any 
case, possible to carry out some simple 
ohmmeter checks with the photocon- 
ductive cell only, before embarking 
on construction of the unit, to deter- 
mine whether the system is viable in 
any particular location. 
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CIRCUIT OPERATION 
The circuit of the automatic light 

unit appears in Fig. 1. The unit incor- 
porates two integrated circuits, a 
transistor and a number of other com- 
ponents. It was decided to turn the 
garage light on and off by a relay 
rather than by a triac, since the relay 
offers a simple way of keeping the 
low voltage section of the circuit 
isolated from the mains supply. As it 
transpired, two relays were required, 
and the reason for this is discussed 
later. 

The photoconductive cell, PC1, is 
an ORP12, the resistance of which 
decreases as the intensity of light 
falling on it increases. When highly 
illuminated it offers a resistance of the 
order of 75 to 30052. It is connected 
across the supply rails in series with 
RI and R2, and the potential on its 
upper terminal goes negative as its 
resistance decreases. This upper ter- 
minal is connected to the inverting 
input of ICI, a 741 op -amp employed 
here as a comparator. The non -invert- 
ing input of ICI is returned to the 
slider of pre-set potentiometer VR1. 
VRI is set up such that the inverting 
input goes negative of the non -invert- 
ing input when the resistance of the 
ORP12 falls below a certain level. R2 
is inserted between the lower terminal 
of the ORP12 and chassis to enable 
VR1 to be set up for any level of 
photoconductive cell illumination. 

When the inverting input of ICI is 
positive of the non -inverting input, the 
i.c. output, at pin 10, is low. If the 
illumination of the ORP12 increases 
sufficiently to take the inverting input 
negative of the non -inverting input, 
the i.c. output swings high, causing Cl 
to be rapidly charged via diode Dl to 
a voltage slightly lower than that on 
the positive rail. As soon as the illum- 
ination on the ORP12 reduces to its 

previous level, the i.c. output swings 
low again, but the presence of D1 
ensures that Cl cannot discharge into 
the i.c. output. There is no necessity 
to insert a series resistor to limit the 
charging current when the i.c. output 
goes high, as the 741 employed for 
ICI has its own internal current 
limiting. 

After it has been charged, Cl com- 
mences to discharge slowly via R3. 
The voltage on its positive terminal is 
coupled to pin 2 of IC2 which func- 
tions as a second comparator. This i.c. 
is a 555 but it is employed here purely 
as a comparator, no use being made 
of its capabilities as a timer. When 
pin 6 of the 555 is taken to the positive 
rail it is possible to use the internal 
comparator coupled to pin 2 to 
respond to voltages around one-third 
of the supply potential. This method of 
employing the 555 has been described 
earlier, in the article 'Two More 
Uses For The 555' by J. Lewis in the 
January 1975 issue of Radio & Elec- 
tronics Constructor. Before Cl was 
charged by ICI, pin 2 of the 555 was 
negative of the reference voltage of 
one-third of supply potential, and the 
output at pin 3 was high. When Cl 
becomes charged, pin 2 of the 555 is 
taken positive of the reference voltage 
and pin 3 then goes low, falling to a 
voltage only slightly higher than the 
negative rail. Emitter follower TRI is 
able, in consequence, to energise relay 
RLA, whose coil is identified by the 
legend A/1. 

The energising of relay RLA causes 
its normally open contacts, Al, to 
close, whereupon relay RLB becomes 
energised in turn. The normally open 
contacts, B1, of this second relay then 
complete the mains supply circuit to 
the garage light, LP1, which lights up. 

As Cl discharges, the voltage at pin 
2 of the i.c. goes more and more 
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Fig. 1. The complete circuit of the automatic garage light unit. This turns on the garage light when the 
photoconductive cell is illuminated by a car headlamp 

negative until, eventually, it reaches 
one-third of the supply voltage. The 
output at pin 3 of the i.c. goes high, 
relay RLA de -energises, followed by 
relay RLB. Contacts B1 open, the 
garage light is turned off and the 
timing cycle is over. 

To sum up the process just described, 
capacitor Cl is initially discharged 
and both relays RLA and RLB are 
de -energised. A momentary illumina- 
tion of PC1 by the car headlamp 
causes the output of IC1 to swing high, 
capacitor C1 to charge, the output of 
IC2 to swing low, and the two relays 
to energise, thereby turning on the 
garage lamp. This situation then con- 
tinues whilst CI discharges. When Cl 
has discharged sufficiently the output 
of IC2 goes high, the two relays de - 
energise and the light is turned off. 

555 OPERATION 
We may next look in greater detail 

at the circuitry around IC2. When 
pin 6 of this i.c. is taken to the positive 
rail, as it is in the present application, 
the internal flip-flop is disabled and 
the i.c. acts as a very high gain 
amplifier. The output at pin 3 remains 
low until the voltage at pin 2 is very 
SEPTEMBER 1975 

close to the reference voltage of one- 
third supply voltage. The voltage at 
pin 3 does not then rise immediately 
to the high state, but instead, goes 
positive at a rate dictated by the i.c. 
internal gain. Thus, whilst the voltage 
at pin 2 goes very slowly negative, that 
at pin 3 goes gradually positive al- 
though at a comparatively much higher 
rate. The current in the coil of relay 
RLA does not in consequence cease 
abruptly but reduces at a slow rate. 
To protect the semiconductor device 
driving the relay it is necessary to con- 
nect the protective diode D2 across the 
coil and this, combined with the 
property of an inductor to oppose the 
reducing current, results in a series of 
coil current fluctuations which are 
damped by the diode. The author has 
encountered this effect in other circuits 
in which a relay is supplied by a very 
high gain semiconductor amplifier, and 
the current fluctuations cause no 
difficulties in practice if the relay is a 
relatively slow -acting type such as the 
P.0.3000. When the relay is a fast - 
acting type it is possible for the current 
fluctuations to cause armature chatter 
with, even, momentary opening of the 
contacts. In the present circuit the 

AC. 
mains 

fluctuating current effect appears only 
during the last 10 % of the timing 
period, and transistor TRI is employed 
as a buffer amplifier to keep output 
current fluctuations in the i.c. at a low 
level. 

The relay employed for RLA in the 
author's circuit was a P.O. 3000 type 
with a 5000 coil. Other relays of 
similar type and having coil resistances 
between 4000 and 1k52, together with 
an energising voltage of 8 volts or less, 
should be equally suitable. P.O. 3000 
relays assembled to customer's speci- 
fication are available from L. Wilkin- 
son (Croydon) Ltd., Longley House, 
Longley Road, West Croydon. Relay 
RLB was a `Miniature Open P.C. 
Relay' with a 4100 coil retailed by 
Doram Electronics Ltd., and it has a 
changeover contact set rated at 250 
volts a.c. and 5 amps. The framework 
of this relay is common with the 
moving contact, and care must be 
taken not to touch it accidentally when 
it is wired into circuit with the mains 
supply applied. 

For constructors prepared to experi- 
ment, a slow -acting relay with con- 
tacts and insulation suitable for mains 
voltage and current could be used in 
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the RLA position. Relay RLB would 
not then be required. 

To complete a description of the 
circuit, the length of the timing period 
with Cl at 400µF is approximately 
21 minutes. The length of the period 
varies directly with the value of Cl. 
Alternative values up to a maximum 
of 1,000µF can be employed if desired. 
With C1 at 1,000µF the timing period is 
of the order of 7 minutes. Some fairly 
wide variations on these figures will 
be given with some capacitors due to 
the large tolerance on nominal value 
which is common with electrolytic 
components. 

The power supply consists of Ti, 
rectifiers D3 to D6, and reservoir 
capacitor C2. T1 is a bell transformer 
with an 8 volt secondary, tapped at 
5 volts, of the type available from 
Woolworth's stores. However, the 
supply is not critical and any supply 
offering about 10 volts reasonably 
well smoothed may be employed for 
the circuit. Switch S1 is the on -off 
switch for the unit, whilst S2 over -rides 
both Si and relay contacts B1 if it is 
required that the light be turned on 
independently. 

The lamp LPI can be a normal 
domestic filament bulb with a power 
rating up to 100 watts. A lamp of 
higher power should not be used. This 
is because the cold resistance of a 
100 watt bulb is of the order of 5052 
only, which means that the current 
passed by relay contacts B1 can reach 

full rated 5 instant 
of closing. 

CONSTRUCTION 
The circuit may be assembled in any 

convenient manner. Layout is not 
important and all the components run 
cool. The pin numbers shown for IC1 
in Fig. 1 apply to this i.c. in the 14 
pin d.i.l. package. No connections 
are made to the pins of either i.c. 
whose numbers do not appear in the 
diagram. It will be helpful to initially 
fit a capacitor with a value of 20 to 
50µF in the Cl position. This will 
enable circuit operation to be checked 
without long time delays. When it is 
found that the circuit is functioning 
satisfactorily the larger value capacitor 
may then be wired in. Lamp LP1 will, 
of course, be remote from the unit. 
The photoconductive cell may either 
be mounted on the surface of the 
housing for the unit, or may be 
positioned separately at the end of a 
2 -way cable. The cell must be position- 
ed so that it is in the centre of the 
headlight beam both in the horizontal 
and the vertical sense. The effect of 
ambient light can be reduced by fitting 
a cone -shaped shade to the cell, as 
illustrated in Fig. 2. 

To set up VR1, a voltmeter switched 
to read 10 volts f.s.d. is connected 
between the negative supply rail and 
pin 10 of ICI. The slider of VR1 is then 
taken to the negative end of its track 
and the photoconductive cell is 
illuminated by the headlamp. The 

voltmeter should give a reading of 
about 2 volts. The slider of VR1 is 
then slowly advanced from the nega- 
tive end of its track, whereupon a 
point will be reached where the volt- 
meter reading suddenly rises to 
approximately 8 volts. The slider is 
taken slightly beyond this point, after 
which the headlamp is turned off. If 
all is well, the voltage at the i.c. output 
should then drop back to 2 volts. If 
this adjustment is carried out at a time 
of high ambient light level, say during 
the middle of a sunny day, the adjust- 
ment in VR1 will be adequate for all 
future requirements. 

ORPI2 

Shade 

3` 

Fig. 2. A simple shade may 
be fitted to the photocon- 
ductive cell to reduce the 
incidence of ambient light. 
The interior surface of the 
shade is painted matt black 

Should it be desired to check the 
viability of the system in an area of 
fairly high ambient light level before 
making up the unit, a check can be 
carried out using the ORPI2 on its 
own. A testmeter switched to an ohms 
range is connected to the two lead - 
outs of the ORP12, and its resistance 
is measured when it is illuminated by 
ambient light and then by the head- 
lamp. If the ratio between the two 
resistances is adequately high, says 
5:1 or better, then the situation should 
be suitable for the installation of the 
unit. For robust positive operation 
it is best to site and shade the photo- 
conductive cell so that the ratio 
between the two resistances is as high 
as is reasonably possible. 

A final very important point has to 
do with safety. The unit must be con- 
nected to a reliable mains earth and all 
care taken to ensure that there is no 
access whatsoever to any live mains 
connections. Full precautions against 
accidental shock must be observed, and it 
must also be remembered that the con- 
crete floor normally found in garages 
can be looked upon as offering a very 
low resistance to earth so far as 
electric shock is concerned. 
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CA3048 and CA3052 

AMPLIFIER ARRAYS 

Each incorporating four separate a.c. 
amplifiers, the CA3048 and CA3052 
have many useful applications in the 

audio amplifier field 

THE RCA CA3048 AND CA3052 AMPLIFIER ARRAYS ARE 

silicon monolithic integrated circuits consisting 
of four independent a.c. amplifiers. They include 
internal d.c. bias and feedback to provide temperature 
stabilized operation. Each amplifier has a high imped- 
ance non -inverting input for the signal, with a lower 
impedance inverting input for the feedback. 

APPLICATIONS 
The CA3048 is characterised for low noise general 

a.c. applications while the CA3052 is specified using 
R.I.A.A. (audio) methods. With four amplifiers in one 
dual -in -line package it is possible to conveniently 
construct stereo pre -amplifiers, mixing amplifiers, 
tone generators, etc., at an economical price. 

The basic parameters for each amplifier are shown 
in Table 1, whilst Fig. 1 gives the pin connections. The 
noise figure quoted applies to the CA3048 only because 
the CA3052 data sheets give noise voltages for specific 
audio circuits. However, the two integrated circuits 
are basically identical. 

GND. No.1 

GND. No.2 

CA3048 ,CA3052 TOP VIEW 

+ VCC No.I 

V No.2 

TABLE 1 

CA3048 and CA3052 characteristics 
(Figures are typical unless otherwise stated) 

Noise figure at 1kHz 2dB (CA3048) Fig. 1. Pin connections for the CA3048 and 
Voltage gain without feedback 53dB minimum CA3052 are as shown here 
Input resistance 90k1 
Output voltage swing 2.5V r.m.s. 
Output resistance 1kí2 
Open loop bandwidth 300kHz 
Power supply voltage 16V maximum 
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Input 

1/4 CA 3048 or CA3052 

Fig. 2. A simple circuit incorporating one of the 
i.c. amplifiers. Typical d.c. voltages at the inputs - 

and output are indicated 

Gain dB 

70 

60 

50 

40 

30 

20 

10 

o 
In IOn IOOn Ikn IOkn IOOkn 

External resistor R1 

Fig. 3. The gain of the amplifier of Fig. 2 varies 
according to the value of external resistor R1 

SIMPLE AMPLIFIER 
A simple amplifier circuit employing one quarter of 

a CA3048 or CA3052 is shown in Fig. 2. Here, the 
internal resistive feedback of the integrated circuit is 
used in conjunction with an external resistor, R1, to 
set the overall gain. Typical values of gain are plotted 
against the corresponding external resistance values in 
Fig. 3. 

In order to provide some negative feedback around 
the circuit it is suggested that overall gains greater 
than 40dB are not used. This gives at least 13dB of 
negative feedback even if the open loop voltage gain 
of the amplifier is at its minimum value of 53dB. 

The input capacitor can be a low value because the 
input resistance of the circuit is 90k1). 

The method of gain control employed relies on the 
absolute accuracy of the internal feedback resistor, 

and the measured gain of various amplifiers will not 
be uniform for a fixed value of RI. It would seem 
reasonable to expect that variations between one 
amplifier and the next on the same chip would be less 
than the variations between one package and the next. 

The circuit of Fig. 2 was set to a gain of 30dB and 
five other packages tried in the holder without re- 
setting RI. Out of the total of six packages the gain 
with five was within 0.5dB, while one package was 
within 1.2dB of 30dB. 

From these findings it may be assumed that RI 
could be made a fixed resistor for normal audio work, 
with package -to -package variations ignored. 

STABILITY 
Since these amplifiers have a high -gain bandwidth 

product, normal attention must be paid to layout, 
construction and frequency compensation to avoid 
instability. Some i.c. amplifiers shape their frequency 
response by internal components or external com- 
ponents added to points within the circuit. If the 
amplifier outputs are unterminated then socket capacit- 
ance may provide enough feedback to cause oscillations. 
With four amplifiers in one package, as occurs with the 
CA3048 and CA3052, no connections are available to 
internal points, and any necessary compensating com- 
ponents must be connected at the output terminals. 

R2 and C3 of Fig. 2 should be added if no other 
load exists. The values shown for these two com- 
ponents are suitable under all conditions. 

For applications where the output is loaded R2 and 
C3 may not be required depending on the amplifier 
gain setting. The suitability of each design must be 
checked, when the requisite test equipment is available, 
by observing the step response of the circuit for 
instability or overshoot. 

MAGNETIC PICK-UP PRE -AMPLIFIER 
Where required, a.c. feedback can be applied around 

the amplifier by connecting external components 
from the output to the inverting input, as shown in 
Fig. 4. This particular circuit is for a magnetic pick-up 

OIyF 11 

O47NF a--11 

15OpF 
Input IOOkn 

2 15 
1/4 CA3052 

2 5 

47n 

1 

I8kn 

0-12NF 

ai12V 

IpF 

0.O33pF 

Output 

Fig. 4. One of the amplifiers in a CA3052 is used 
here as a pre -amplifier for a magnetic pick-up 

OV 
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Fig. 5. An 8 channel mixing unit. Connections to the pre -amplifiers are at the pins indicated in Fig. 1. 

Pin numbering for the 741 i.c. applies to the 8 pin version 

pre -amplifier and the equalisation will be within 
f2dB of the R.I.A.A. curve. 

The 4752 resistor would normally set the gain to 
about 50dB, and this must be taken into account 
when designing such external networks. 

8 CHANNEL MIXING CIRCUIT 
As an exercise two CA3048 integrated circuits were 

used with a 741 to provide an 8 channel audio mixing 
unit. The complete circuit is shown in Fig. 5, with its 
performance in Table 2. It consists of 8 pre -amplifiers, 
each of 28.5dB gain, and a virtual earth mixing circuit. 
The mixing circuit uses a 741 to give an added gain of 
6.5dB for each input. This gives an overall gain of 
35dB. 

TABLE 2 
8 channel mixing circuit performance 

Frequency response 
Overall gain 
Output noise level 
Input impedance 
Maximum output 

-3dB at 5Hz and 30kHz 
35dB' 

1.5mV r.m.s. 
9k52 

8V peak -to -peak 

The 741 can work with a total supply of 12 volts, 
and is biased so that its d.c. input (and output) level is 
at half the supply voltage, i.e. 6 volts. Since, with a 
12 volt supply, the d.c. voltage at the output of the 
pre -amplifier is a minimum of 6.1 with a typical value 
of 6.9 volts, there should be no difficulty in determining 
the polarity of the electrolytic coupling capacitors! 

The frequency response was measured for one input 
with the stabilizing components on the pre -amplifier 
output. It was found that these components could be 
removed (for the gain value used and the 22kû load) 
with an improvement in bandwidth. However, for 
audio applications the increased bandwidth is of no 
advantage, and the stabilizing components may be 
retained as an extra precaution against instability. 

The noise was measured as less than 1.5mV r.m.s. 
at the output with all the inputs short-circuited. The 
output level must be kept much greater than this in 
order to maintain an adequate signal-to-noise ratio. 

An attempt was made to measure the harmonic 
distortion of the circuit. However, at a final output 
level of 1 volt r.m.s. the measurement was limited by 
the distortion of the rather poor signal generator used 
as an audio source. Total harmonic distortion was 
found to be better than 50dB down at the 1 volt r.m.s. 
output level. 

SEPTEMBER 1975 
91 

www.americanradiohistory.com



»Pa D 

IN NEXT MONTHS ISSUE 

Veroboard Project One 
This versatile light alarm can readily be 
assembled and can be used for a variety 
of purposes. It turns itself on auto- 
matically at a certain light level and 
then produces an a.f. tone whose fre- 
quency varies with light intensity. 

VERSATILE LIGHT ALARM 

0 `J 

BROADCAST BAND RECEIVER 

Veroboard Project Two 
This broadcast band receiver is an alternative 
project easily assembled on the FREE Veroboard. 
Gives loudspeaker reception of local stations on 
the medium wave band, and may also be em- 
ployed on long waves in certain areas. 

Copies may be obtained from 
your newsagent or alternat- 
ively direct from the Publish- 
ers price 38p including post- 
age. 
Data Publications Ltd., 
57 Maida Vale, 
London W9 1SN. 

NEW TRANSISTORISED 
OSCILLOSCOPE 
Part 2 (3 parts) 

Continuing the constructional work on this pop- 
ular oscilloscope started last month, including the 
assembly of the X and Y amplifiers, and the time - 
base and sync amplifier. 

MANY OTHER 
ARTICLES ON SALE 1st OCTOBER 30p 

uak 61m- aeA'# #o#s' 
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INTEGRATED CIRCUIT 

SIGNAL GENERATOR 

Part 2 

This concluding article deals with the 
testing of the completed signal gen- 
erator, then describes two methods 
of calibrating its output frequency. 

IN 
LAST MONTH'S ISSUE THE CIRCUIT FUNCTIONING OF 

the signal generator was discussed, after which 
details were given of construction. Next to be dealt 
with are the processes of testing and calibration. 

TESTING 
Before the unit can be switched on it is necessary 

for VR3 and VR4 to be adjusted. These are set up, 
with the aid of an ohmmeter, to give a resistance of 
9.09142 as accurately as is possible. This is best done 
before the potentiometers are fitted into the circuit. 
After having been adjusted they may then be soldered 
to the Veroboard. 

The adjustments of VR1 and VR2 for minimum 
sine wave distortion are best carried out with the aid 
of an oscilloscope. If an oscilloscope is not available 
it is difficult to make meaningful adjustments to VR1 
and VR2 and these two potentiometers may, in con- 
sequence, simply be omitted from the circuit. Pin 12 
of the i.c. should then be coupled to the negative 
supply rail via an 82k12 resistor, and no connection 
made to pin 1. Operation in this manner will still 
ensure that sine wave distortion up to some 10kHz is 
of the order of 1%, and this should be an acceptable 
level for most applications. When VR1 and VR2 
are in circuit it is possible to bring the distortion at 
frequencies below 10kHz to about 0.5%. 

When all connections have been finally made, a 
check should be carried out to see that there are no 
solder whiskers across the Veroboard copper strips. 
The author always runs the blade of a small screw- 
driver down the spaces between the strips to be on the 
safe side. If VR1 and VR2 are retained they should be 
set to a central position. 

The unit may next be switched on, whereupon the 
requisite outputs should be obtained. If an oscilloscope 
is being used, VR1 and VR2 are adjusted, one at a 
time, for best appearance of the sine wave. These 
adjustments should be made on one of the lower 
frequency ranges as they are more difficult to carry 
out at the higher frequencies. 

If for any reason the unit does not produce an 
output, the obvious faults, such as short-circuits 
between Veroboard copper strips, dry joints, com- 
ponents inserted wrong way round and the like, 
SEPTEMBER 1975 
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should be looked for. The author has found that the 
8038 i.c. is quite robust and that it should not give 
any trouble if due care is taken. 

CALIBRATION 
Frequency calibration need only be carried out on 

one range. Provided that close tolerance capacitors have 
been employed for C4 to C8, the calibration will then 
hold for the other ranges. 

When used this may be 
employed to obtain Lissajous figures with the 50Hz 
mains frequency. The signal generator output, switched 
to sine wave, is applied to the X input of the oscilloscope 
and the 50Hz mains signal to the Y input. In many 
cases a mains signal can conveniently be obtained by 
connecting a wire to the non -earthy Y input terminal 
and positioning this alongside an unscreened mains 
lead. 

Idealised Lissajous figures for 25Hz, 50Hz, 100Hz 
and 150Hz under these conditions are shown in Fig. 9. 
These assume correct phase relationships and require 
some care in the setting up of oscillator frequency. 
These four frequencies may be marked up on the scale 
with the 10 to 150Hz range switched in. The 10Hz 
point on this range may be marked up by extending 
the scale in linear fashion below the 25Hz point. 
Intermediate subdivisions may then be added. 

Alternatively, the scale can be marked up in terms 
of the voltage on pin 8 of the i.c. The values of VR3, 
VR4 and C4 to C8 have already been selected so that 

co o 
25Hz 50Hz 100Hz 150Hz 

Fig. 9. Idealised Lissajous figures for the signal 
generator frequencies indicated when the 
generator is connected to an oscilloscope as 

described in the text 
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VCC and zero Hz 

O BVCcand 100Hz 

Voltage 
at pm 8 

O , . . . I 

O 50 

Frequency Hz 

I 

Fig. 10. The signal generator may be calibrated 
by drawing a straight line graph through the two 

plotting points shown here 

a frequency of 100Hz, 1kHz, etc., according to the 
range selected, is given when pin 8 of the i.c. is at 
0.8Vcc. Frequency reduces as the voltage on pin 8 

increases and the frequency can be assumed to be 
zero Hz when pin 8 is at its highest level, which is equal 
to Vcc. There are, therefore, two points for a straight 
line graph, as indicated in Fig. 10. 

First measure the value of Vcc between pin 6 
(positive) and pin 11 (negative) of the 8038. Plot a 
point corresponding to this voltage and zero Hz on 
the graph. Next calculate the voltage corresponding 
to 0.8Vcc. Plot a second point corresponding to this 
voltage and 100Hz on the graph. Draw a straight line 
between these two points. This is the curve relating 
voltage on pin 8 to output frequency. 

Next, connect a voltmeter between pin 11 (negative) 
and pin 8 (positive), rotate VR5 to produce voltages 
corresponding to different frequencies on the graph 
and mark up the scale accordingly. If, to take a simple 
example, Vcc happened to be 20 volts, then 0.8Vcc, 
corresponding to 100Hz, will be 16 volts. The scale 
can then be marked 100 when the voltmeter reads 
16 volts, 75 when the voltmeter reads 17 volts, 50 when 
it reads 18 volts, and so on. In practice the value of 
Vcc will be a figure lying between some 21 and 24 
volts according to tolerance in the power supply zener 
diodes. The straight line graph may also be employed 
for marking frequencies up to 150Hz. 

This method of calibration is quite satisfactory, 
although the extremes of the scale will be in some error 
due to slight non -linearity of the sweep. The voltmeter 
employed for measuring the voltage at pin 8 should 
have a high resistance and should be at least 20,00052 
per volt. 

The output potentiometer can be calibrated directly 
using an oscilloscope or alternatively by realising that 
an emitter follower gives nearly unity voltage gain. 
The quoted peak -to -peak output from the i.c. for the 
square wave is 0.9Vcc, for the sine wave 0.22Vcc and 
for the triangular wave 0.33Vcc. With the prototype 
the output was calibrated only for the sine wave and is 
reasonably accurate up to about 50kHz. 

When completed, the signal generator can be used 
for all those jobs which require a stable, well cali- 
brated signal source such as the testing of hi-fi equip- 
ment, alignment of tape heads, checking of power 
outputs and fault location. Within a short space of 
time the constructor will wonder how he ever managed 
without it. 

TEN 

This short article concludes our 
series on 28MHz amateur band 

equipment. 

THE 
DIMENSIONS AND OTHER DETAILS GIVEN IN THIS 

article should prove of aid to anyone wishing to 
set up a 10 metre aerial, for use with the 28MHz band 
equipment described in the preceding articles, or for 
any other transmitters or receivers operating in this 
band. 

HALF -WAVE AERIAL 
A half -wave aerial, suitably fed, will give much better 

results than a short telescopic or similar aerial. The 
length required for 10 metres is quite small, so that it 
will usually be possible to set up a half -wave aerial 
without difficulty. 

A half -wave dipole has an overall length of 16 ft. 
6 in., as shown in Fig. 1. Single wire around 14 s.w.g. 

Insulator 

16' 6' 

75n coaxial cable 

Insulator 

Fig. 1. Suitable dimensions for a 10 metre 
half -wave dipole 
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METRE BAND 

AERIALS 
By F. G. Rayer 

can be used, or stranded bare or insulated aerial wire. 
The wire should be cut a few inches longer than 16 ft. 
6 in., as these inches will be taken up when the wire 
ends are fastened to the insulators. Small porcelain 
'egg' insulators are suitable, these being fitted with 
cords which enable the aerial to be suspended between 
any supports that are available when using equipment 
away from the home. As the aerial need not be horizon- 
tal, one end may be supported at a high level and the 
other fastened, if necessary, to a peg or stake at ground 
level. 

The feeder, which can be 7512 coaxial cable, couples 
into the centre of the aerial. A suitable support to 
secure the inside aerial wire ends and the feeder may 
be made up from insulating material. The inside 
conductor of the coaxial cable connects to one of the 
aerial wires and the braiding to the other aerial wire 
(preferably the lower if the aerial is tilted). The feeder 
can be of any convenient length and is terminated in 
a coaxial plug for fitting to the transmitter or receiver 
aerial socket. The aerial dimensions given are particul- 
arly intended for a frequency around 28.5MHz. 

The aerial can be of considerable advantage with 
portable or transportable equipment when an increased 
range is required. It can be easily set up or taken down, 
and it may be readily rolled up for carrying. 

GROUND PLANE 
The ground plane is a simple type of low -angle long 

distance transmitting aerial, but it also performs well 
at short range. Suitable dimensions for a 10 metre 
ground plane aerial are given in Fig. 2. 

The vertical tube is aluminium alloy and is 8 ft. 3 in. 
long, with a diameter of around z in. It is fixed to the 
upper end of a post or stake by an insulated mounting. 
The inner conductor of the coaxial feeder, which in 
this instance should be 50 to 5252, connects to the lower 
end of the tube. 

Four radial wires are used, each 8 ft. 5 in. overall. 
These slope at roughly 45° to the horizontal, and are 
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insulator 

Post - 

r 

Alloy tube 8-34 

4 wire radials 8=5' 

Insulator 

50-52n coaxial 
cable 

Fig. 2. A 10 metre ground plane aerial. For 
simplicity, details of tube mounting to the post 
are omitted, and only two of the radials are 

shown 

spaced at about 90° intervals around the post. They 
are terminated in insulators, to which are fitted lengths 
of cord. The radials also serve as guys to hold the post 
upright, and the length of cord required will depend 
upon the height to which the aerial is to be raised. 

All four radials are connected together at their apex 
and to the outer braiding of the coaxial cable. The 
feeder runs down the post and can be any length. The 
upper end of the coaxial cable and its connections need 
to be sealed to keep out rain. 

The ground plane aerial can be taken down quickly 
and, if some means of transport is available, can be 
carried with the alloy tubing detached from the post. 
It is independent of the need for any support other 
than the post, and it can be put up easily ón any 
reasonably flat ground. 
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THE PREVIOUS DESIGN BY THE AUTHOR, "TRANSISTORISED 
Oscilloscope", was published in the December 

1972 and January 1973 issues of Radio & Electronics 
Constructor. This present 3 -part article describes an 
up -dated version of the unit in which all the circuits 
have been improved in some way. The mechanical 
construction has also been improved to provide a 
stronger and more rigid assembly. In fact this latest 
design is only fairly loosely based on the earlier one. 

In common with the original version the main 
design requirements were for a simple but complete 
circuit having a good basic sensitivity rather than a 
wide bandwidth, as most amateur constructors are 
likely to need an oscilloscope for a.f. rather than for 
r.f. and TV applications. The bandwidth does, however, 
include the popular i.f.'s around 465kHz, which is a 
useful feature. An additional design requirement for 
the new version was for a d.c. coupled Y amplifier, 
and a very simple but reliable circuit has been evolved. 

Although the design is fairly simple for an oscillo- 
scope it should be borne in mind that an oscilloscope 
is necessarily a complicated instrument, and a con- 
siderable amount of work is involved in building the 
present unit. Some twenty-five semiconductor devices 
are used in the circuit, including three f.e.t.'s, thirteen 
bipolar transistors and one integrated circuit. A 
testmeter with a sensitivity of 20,00052 per volt or 
better on its voltage ranges is needed during con- 
struction for setting -up purposes. 

BLOCK DIAGRAM 

A block diagram showing the various circuits em- 
ployed in the oscilloscope is given in Fig. 1. As can 
be seen from this, the instrument has all the usual 
facilities, these including internal sync, flyback blanking, an i.c. timebase and an internal mains power supply 
unit. An X input is available for Lissajous figure work 
when the timebase is switched out, and this also serves 
as a timebase output when the timebase is switched in. 

A brief specification of the prototype instrument is 
shown in the accompanying table. 

NE 

TRANSIS 

OSCILLI 
Par 

By R. Al 

Regular readers will recall the) 
orised oscilloscope design we r 

and January 1973 issues. Our r) 

more modern and up -dated versii 
ates many important improver 
introduced in this issue, and co 
metal -work and the power suph 
and further details will be giveri 

A.C. 
o ) 

Y inputs 

o 
D.C. 

Y amplifier 
(2 x 2N3819, 2N3702 

2xBC117) 

Sync. amplifier 

(2x13CI69C) 

38P1 

C.R.T. 

-600V E.H.T.t-s 

+350VFI, 
+124V stab.t--4 

+I2V stab.t--t 
6eV A.C.41-N 

Fig. 1. Block diagram illustrating 
the se 
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ients. The new oscilloscope is 
nstructional details are given of 
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in the next two issues. 

X amplifier 

(2XBC117.2N3819) 

Flyback blanking 

(2N70B,BCI17) 

t 4 
nput 

--4- 
Timebase 

(NE555V, BC 169C. 

BC258) 

P.S.U. ( 2N3711, 

BC169C, BZY88C24V, 

ZLIOO,BZYBBC6V8) 

t o Mains input 

TABLE 1 

SPECIFICATION 

Cathode ray tube: 3BP1 giving 24 in. diameter view- 
ing area. 

Timebase: 5 -position switch plus fine fre- 
quency control. 
Range 0, timebase off; Range 1, 
5 - 70Hz; 
Range 2, 50 - 700Hz; Range 3, 
500Hz - 7kHz; Range 4, 5 - 70kHz 

X Amplifier: Input impedance, 500k12 shunted 
by approx. 20pF. 
Sensitivity, 50mV/cm. 
Bandwidth, less than 5Hz to 
500kHz at -3dB. 
X input provided. 

Y Amplifier: Input impedance, 1.7MS2 shunted 
by approx. 30pF. 
Sensitivity, approx. 10mV/cm. 
Bandwidth, d.c. to 500kHz at 
-3dB. 
A.C. input provided. 
4 -position attenuator, X1, X10, 
X100, X1,000. 

Sync: Switchable internal sync. 

SI 
S2 
S3 
S4 
VR1 
VR2 
VR3 
VR4 
VR5 
VR6 
VR7 
VR8 

TABLE 2 

CONTROL FUNCTIONS 

Mains on -off. 
Y attenuator. 
Timebase range. 
Sync on -off. 
X gain. 
X shift. 
Y gain. 
Y shift. 
Timebase fine frequency 
Focus. 
Brilliance. 
Astigmatism. 

he stages of the oscilloscope and 
toi complement 
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FRONT PANEL 

A ready-made instrument case and chassis form the 
mechanical basis on which the oscilloscope is con- 
structed. The case is a Contil Mod 2, size Q, and it is 
supplied complete with an aluminium chassis. It can 
be obtained from Doram Electronics, Ltd. The case 
has outside dimensions of approximately 9 by 7 by 
13 in., and so a quite compact design is achieved. A 
similar home -constructed case could of course be used 
instead, if preferred. The chassis is mounted 6 holes 
up on the front and rear panels in the manner illustrated 
in the photograph giving a side view of the assembly. 

21/4° 

21/2°dia 

3/Ééia 

Er) 
VR5 

VRl 

VR6 VR7 

VR2 VR4 

54 

Pia. to suit switch 

ll4'dia 

G- 
X input 

52 

VR3 

A C E DC. 

0 0 0 
Y inputs 

} 

11/4° 

11/2 

I5l8° 

15/8 

11/4* sie' 

Fig. 2. Control layout and ho/e positoning on 
the front panel 

Fig. 2 shows the drilling and cutting out that is 
needed on the front panel. Requirements here are 
mainly very straightforward, the only likely difficulty 
being the 2 in. diameter cut-out for the cathode ray 
tube. The front panel is made of fairly soft aluminium 
and an ordinary fret saw can be used to make the 
cut-out. It is best to cut carefully just on the inside of 
the perimeter of the required hole, and then use a large 
half -round file to enlarge the hole to precisely the 
correct size. 

Side view of the oscilloscope. This gives a useful 
guide towards general chassis assembly 

C.R.T. MOUNTING 

The layout of the larger components and the com- 
ponent panels on the chassis is shown in Fig. 3. The 
positions of the mounting holes for these various items 
are located by using the components and panels as 
templates. In the cases of the component panels and 
c.r.t. mounting brackets, marking out must of course 

,wait until these have been completed. 
Also shown in Fig. 3 are two ,, 6 in. diameter holes 

and three in. diameter holes. These are fitted with 
grommets and allow the passage of wires through the 
chassis. Their precise positioning is not critical, but 
they should be located so that they are not obstructed 
by any components. 

Details of the three parts forming the c.r.t. mounting 
are shown in Fig. 4. 

The part M in. long is made from a fairly thin 
gauge of aluminium, about 22 s.w.g., and it is carefully 
bent round to form a circular band with a diameter 
of about 32 in. Two short 6BA bolts are used to secure 
the two ends of the band together, the nuts being on 
the outside. This forms a cradle for the front of the 
tube. 

A heavier gauge of aluminium is employed for the 
U -bracket, 18 s.w.g. material being used in the proto- 
type. The â in. flange on the bracket is bolted to the 
vacant hole in the cradle. The inside of the front of 
the cradle is coated with a layer of self-adhesive foam 
rubber. This is sold in D.I.Y. shops as draught excluder. 

For C.RT. 

mounting 
bracket 

3/8`dia 

3/8°dia 

X 2' 
o amplifier + o 

C.R.T. mounting bracket 

î - 

C3 under 

chassis 

+12V1 

3/8âia 
L 1. _J 

o 3 -way 
tagstri 

T1 under i 

chassis 

L 
--3/1edia 

C2 under chassis 

Fig. 3. Chassis layout, illustrating the positions 
taken up by the oscilloscope sections 

98 RADIO & ELECTRON ICS CONSTRUCTOR 

www.americanradiohistory.com



6BA clear 
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11/44 

111/2" 

6BA clear 
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VISOR AND GRATICULE 

Even though quite a bright trace is obtained, it is 
advantageous to add a visor to shield the screen from 
external light sources. A visor is readily constructed 
from a thin piece of aluminium, and the dimensions 
are shown in Fig. 5. A suitable thickness is 22 s.w.g. 

Although it may seem rather difficult to remove the 
two sections of aluminium between the three lugs in 
Fig. 5, this process can easily be carried out by first 
making the four - in. cuts down the sides of the lugs 
with a hacksaw. The metal can then be deeply scored 
with a sharp modelling knife along the two lines where 
the two longer cuts are required. The two pieces of 
metal which are to be removed are then repeatedly 
bent up and down until the material exhibits fatigue 
along the scored lines, and the pieces then break off. 
Any roughness can be removed by gentle filing. 

After the aluminium has been cut out it is bent 
round to form an incomplete circle with a diameter 
of 3 in. The three lugs are then bent up at right angles, 
and the visor is glued to the front panel with a good 
general purpose adhesive. 

A graticule can be made from a piece of fairly thin 
Perspex, about 3 in. square. This is marked with a 
grid of 1 cm. squares which are made by deeply scribing 
the Perspex with a sharp pointed instrument. The X 
and Y axes would normally be calibrated at 1 mm. 
intervals, but this would be difficult to achieve and 
2 mm. divisions are about the smallest which it is 
practical to mark by hand. In the prototype, the 
graticule had 1 cm. rulings only. 

The graticule is glued to the inside of the front panel 
behind c.r.t. cut-out using any general purpose 
adhesive, such as Bostik No. 1. 

2 I 

The tube should be mounted so MOUNTING Ti 
that its base looks thus when 

viewed from the rear 

Fig. 4. Details of the front and rear mounting 
brackets for the cathode ray tube 

Next, the 1 in. flange of the bracket is taken under 
the chassis, and bolted to the chassis such that the 
cradle is positioned centrally behind the c.r.t. cut-out. 

The rear bracket for the c.r.t. must provide a very 
firm mounting, as the front mounting does little more 
than support the front of the tube. The rear bracket 
should be made from 16 s.w.g. aluminium. 

It is advisable to make the two small mounting holes 
for the c.r.t. holder slightly oval by enlarging them 
with a miniature round file. Then when the oscilloscope 
is completed the tube can be rotated if necessary to 
bring the X axis exactly horizontal. 

To find the position in which the rear bracket fits 
on the chassis, temporarily fit the tube into the holder 
(which is bolted onto the bracket) and put the tube and 
bracket in position on the chassis. Then use the bracket 
as a template to mark out the positions of the mounting 
holes. 

The tube must be removed when any drilling work 
on the chassis is being carried out, as it could easily 
be damaged if it were left in position. 
SEPTEMBER 1975 

The tube is not fitted with magnetic screen and it is 
important that it should not be affected by the magnetic 
field from the mains transformer. In consequence it is 
necessary that the specified mains transformer be 
employed and that it be mounted in the correct 
position. The transformer specified is available from 
R.S.C. Hi-Fi Centres, Ltd., Audio House, Henconner 
Lane, Leeds, LS13 4LQ, or from any branch of 
R.S.C. Hi-Fi Centres. 

The transformer must be mounted as far towards the 
rear of the case as possible, and on the extreme left 
hand side (behind the tube). It must also be mounted 
on its side, and so cannot be directly fitted to the chassis 
by its mounting lugs. An L-shaped mounting bracket is 
made from 16 s.w.g. aluminium, and this provides a 
firm mounting for the transformer. The laminations 
are vertical. 

Fig. 5. The dimensions of the visor before this is 
bent into shape 

-8" 

r-`1 /,/12 

Lugs bent up at right angles 13/./ 
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Resistors 
(All fixed values â watt 10% unless otherwise 
stated). 

R1 1.5MS2 
R2 1.5MS2 
R3 15162 5 watt 
R4 3.3k0 
R5 1.2k0 
R6 5162 pre-set potentiometer, horizontal 

miniature skeleton 
R7 2.2162 
R8 2.7162 
R9 330kO 
R10 330161 
R11 10MS2 

Capacitors 
Cl 
C2(a) 
C3 
C4 
C5 
C6 
C7 
C8 

COMPONENTS 

1,000µF electrolytic, 16 V. Wkg. 
(b) 32 + 32µF electrolytic, 350 V. Wkg. 

41.tF block paper, 600 V. Wkg. 
1,000µF electrolytic, 16 V. Wkg. 
50µF electrolytic, 10 V. Wkg. 
0.1µF type C280 (Mullard) 
1001.1F electrolytic, 10 V. Wkg. 
1,000pF ceramic or silvered mica 
(see text) 

R12 3.9161 C9 0.1µF plastic foil 
R13 130kO 2% C10 6,800pF plastic foil (see text) 
R14 4.7kO 2% C11 100µF electrolytic, 16 V. Wkg. 
R15 33k52 z watt 2% C12 100µF electrolytic, 16 V. Wkg. 
R16 1162 2% C13 10µF electrolytic, 16 V. Wkg. 
R17 33162 2 watt 2% C14 100µF electrolytic, 16 V. Wkg. 
R18 560k52 C15 2.2µF plastic foil 5% (see text) 
R19 8.2k12 C16 0.22µF plastic foil 5% (see text) 
R20 10MS2 5% hi -stab C17 0.022µF plastic foil 5% (see text) 
R21 1M0 2% hi -stab C18 2,200pF plastic foil 5% (see text) 
R22 100161 2% hi -stab C19 10µF electrolytic, 16 V. Wkg. 
R23 11162 2% hi -stab C20 10µF electrolytic, 16 V. Wkg. 
R24 1100 5% hi -stab C21 10µF electrolytic, 16 V. Wkg. 
R25 2200 C22 10µF electrolytic, 16 V. Wkg. 
R26 3.9k0 C23 2,000pF or 2,200pF paper or plastic 
R27 2.5162 pre-set potentiometer, horizontal 

miniature skeleton 
foil, 750 V. Wkg. 

R28 27162 z watt 2% Transformer 
R29 6.8kO TI Mains transformer, secondaries 250-0- 
R30 2.2162 250 V at 60mA, 6.3V at 2A, 0-5-6.3V 
R31 1.5k52 2% at 2A, fully shrouded, upright mounting. 
R32 
R33 

27kO i watt 2% 
3.9kO 

Northern Transformers, Ltd., 
type FSM.256. (see text) 

R34 2.5162 pre-set potentiometer, horizontal 
miniature skeleton Semiconductors 

R35 10k52 IC1 NE555V or equivalent 
R36 5.6162 TR 1 2N3711 
R37 5.6kS2 2% TR2 BC169C 
R38 1.2k0 2% TR3 2N3819 
R39 12161 2% TR4 BC117 
R40 47162 or 50162 pre-set potentiometer, 

horizontal skeleton (see text) 
TR5 
TR6 

BC117 
2N3819 

R41 4.7k52 TR7 BC117 
R42 2.7MO TR8 2N3702 
R43 4.7161 TR9 BC117 
R44 2.7M52 TRIO 2N3819 
R45 4700 TRH BC169C 
R46 390162 TR 12 BC258 
R47 6.8kO TR 13 BC169C 
R48 2.2k52 TR14 BC169C 
R49 3.9MS2 TR 15 2N708 
R50 56162 TR 16 BC117 
R51 120162 D1 1N4002 
R52 220162 D2 1N4002 
R53 39162 D3 1N4007 
R54 1M0 D4 1N4007 
VRI 500162 potentiometer, carbon linear D5 1N4006 
VR2 25162 potentiometer, carbon linear D6 BZY88C24 
VR3 2MS2 potentiometer, carbon linear D7 ZL100 (see text) 
VR4 1kO potentiometer, carbon linear D8 BZY88C6V8 
VR5 5kS2 potentiometer, carbon linear 
VR6 250162 potentiometer, carbon linear Cathode Ray Tube 
VR7 10kO potentiometer, carbon linear C.R.T. type 3BP1 
VR8 500162 potentiometer, carbon linear 
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Switches 
S1 
S2 
S3 

S4 

COMPONENTS 

continued 

d.p.s.t. toggle 
3 -pole 4 -way miniature rotary 
2 -pole 6 -way, adjustable end stop 
(see text) 
s.p.s.t. toggle 

Miscellaneous 
Case, Contil Mod 2, size Q (see text) 
10 control knobs 
B14A c.r.t. base 
3 -way tagstrip, centre tag earthed 
Capacitor clip (for C2) 
5 -off 3mm. insulated sockets 
Perspex for graticule 
Printed circuit board 
Sundry tagstrips, connectors for under -chassis 

wiring 
Screened lead 
Aluminium sheet for c.r.t. mounting, etc. 
Connecting, wire, solder, etc. 

Sla 

A.C. 
mains 

Sib 

E 

250V 

230V 
220V 

63V 

i=e- 5V 

63V 

t 

DI 

IN4002 
>I+ 

1 D2 
1N4002 

D3 D4 

500V 1N4007 IN4007 -600V 
out 

+124V 
out 

o 

D6 

24V AK 

D7 
100V 

000 
bce 

2N37I1 BC169C 

Lead -outs 

TRI 
2N37I1 

D8 
CS 68V 

Fig. 6. The circuit of the power supply 

POWER SUPPLY 
The circuit diagram of the power supply section of 

the oscilloscope is shown in Fig. 6. This provides d.c. 
voltages of -600, + 350, + 124, and +12 together with 
an a.c. voltage of 6.3. 

One of the two 6.3 volt secondary windings is used to 
power the c.r.t. heater, and the other is coupled to a 
voltage doubler circuit consisting of D1, D2, Cl and 
C4. This arrangement is an improvement over the 

previous design as the c.r.t. heater is fed from a separate 
winding. The high voltage that appeared between the 
SEPTEMBER 1975 

TR2 
BC169C 

--® 
R8 

+o 

12V 
out 

c.r.t. heater and cathode in the earlier oscilloscope is 
absent in the present circuit. 

The output of the voltage doubling rectifier is fed, 
to a regulator circuit. This has a zener voltage reference 
source, D8, an amplifier, TRI, and an emitter follower 
output stage, TR2. A negative feedback loop is pro- 
vided via R8, R6 and R7, R6 being adjusted to give an output voltage of 12. This is a well-known circuit 
configuration and, even though very few components 
are required, gives a well smoothed and regulated 
output. 

101 

www.americanradiohistory.com



Internal view illustrating the wiring to the X and 
Y inputs, and the screens around the mains 

on -off switch 

The 250-0-250 volt windings of T1 are employed in 
series to provide a single 500 volt winding. D3 and D4 
give half -wave rectification, with R1 and R2 ensuring 
that approximately half the applied reverse voltage is 
present across each rectifier. C3 provides smoothing, 
and R4 controls the output voltage. This resistor has 
been given a value which produces an output voltage 
of -600, 100 volts greater than in the original design. 
The result is a brighter trace. Note that the e.h.t. 
output is negative of earth, while the other d.c. outputs 
are positive of earth. Smoothing capacitor C3 is a 
non -electrolytic paper block capacitor with a value of 
4µF at 600 volts working. A block capacitor with these 
ratings is listed by Doram Electronics, Ltd. 

The centre -tap on the h.t. winding of Ti is coupled 
to a half -wave rectifier, D5, and then to an RC smooth- 
ing network consisting of C2(a), R3 and C2(b). R3 also 
acts as the load resistor for the zener diodes, D6 and 
D7, which are connected in series to provide 124 
volts at the output. 

The potential of approximately 350 volts appearing 
across C2(a) is used to provide power for the astig- 
matism control. 

The 100 volt zener diode employed for D7 is the 
ZL100, rated at 10 watts. If this cannot be obtained, 
alternative 100 volt diodes, all listed by Henry's Radio, 
Ltd., are Z5D1000BF (10 watt), ZS100 (7 watt) and 
3VR100 (3 watt). The lowest wattage diode may run 
warm if the power supply is turned on without a load 
coupled to the + 124 volt output. 

POWER SUPPLY WIRING 

With the exception of the 12 volt section, the power 
supply wiring is carried out using a point to point 
wiring system under the chassis. Tagstrips and con- 
nector blocks are employed where necessary. The + 12 
volt and +124 volt outputs are taken one each to the 
non -earthed tags of a 3 -way tagstrip mounted above 
the chassis. See Fig. 3. From here the supplies are 
distributed to the X and Y amplifiers, etc. 

A printed circuit board is used as the basis for the 
12 volt supply. Fig. 7 shows the copper pattern and 
component layout of this panel. The board measures 
4i by 2 in., and the diagram is reproduced actual size, 
as are all the other printed circuit board etching dia- 
grams in the following parts of this article. This 
permits the designs to be easily traced. The letters X -X 
in Fig: 7 indicate the same edge in both views. 

The component panel is mounted by four in. 
6BA bolts in the position shown in Fig. 3, the bolt 
heads being below the chassis. One or two extra nuts 
are placed over the bolts between the chassis and the 
panel to space the board a little way clear of the 
chassis. Shake -proof washers can be placed over these 
nuts at edge X -X to ensure that a good connection is 
made between the chassis and the copper backing 
round the board mounting holes. This connection 
carries the negative supply between the chassis and the 
panel. 

The other four component panels, which are des- 
cribed later, are all mounted in the same manner. 

It is necessary to provide a small screen behind the 
front panel to shield on -off switch Si from the X and 
Y inputs on either side, and from the sync switch, S4, 
immediately above it. The screening extends back- 
wards for about 14 in. Shielding from the X and Y 
inputs is achieved by bending a l by 4 in. strip of 
22 s.w.g. aluminium into a U -shape with a central 
hole so that it may be secured on the mounting bush 
of Si. Screening from the sync switch is given by 
bending a second strip of 22 s.w.g. aluminium, this 
time measuring 1 by 3 in. into an L -shape. This has 
a hole which enables it to be mounted on the mounting 
bush of S4. Both these screens can be seen in one of the 
accompanying photographs, and their dimensions are 
not critical. The 3 -core mains input lead passes through 
a hole fitted with a grommet in the rear panel, and is 
secured under the chassis with a suitable clamp. 

The rear c.r.t. mounting bracket. Part of the 
mains transformer below the chassis may also 

be seen 
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Fig. 7. The copper and component sides of the board on which is assembled the 12 volt section of the supply 

The completed power supply should be carefully checked for wiring mistakes. It may then be switched on and the various output voltages measured to ensure that they are all approximately correct. As the 124 volt supply is zener controlled it should be within some 5% of the specified voltage, but as the e.h.t. supply is unloaded at this stage it will probably be a little greater than 600 volts. R6 is then adjusted to provide an output of precisely 12 volts from the low voltage component panel. The power supply should not be turned on for a long period when no loads are connected to its outputs. 

COMPONENTS 

that textual references to some of the components 
will appear in the succeeding parts of this article. The cathode ray tube is a 3BP1, and this is available to- gether with the tube holder from Henry's Radio, Ltd. The 3BP1 is a surplus tube which has been out of 
manufacture for a number of years but we are assured that good stocks are still available. Nevertheless, readers are advised to make certain that they have the tube before obtaining any other components. 

In next month's issue further constructional details 
will be given, these including descriptions of the display 
section, the X and Y amplifiers, and the timebase and 
sync circuits. 

For completeness the full Components List is pub- lished in this issue but it will, of course, be evident 
SEPTEMBER 1975 

103 

(To be continued). 

www.americanradiohistory.com



FOR DX LISTENERS 

By Frank A. Baldwin 

Times --GMT 

Rather interesting transmissions are being made via 
the facilities of Radio Tanzania, Dar-es-Salaam, in 
the External Service on 15435. One of these programmes, 
the Zimbabwe "Voice of the Revolution", is mentioned 
under our heading "Around the Dial", but there are 
other transmissions which may be of some interest, 
all being sent out on the above frequency from Dar- 
es-Salaam. 

Our log book records the entry of a talk in English 
at 1915 in the "Voice of Namibia" programme, this 
being presented by the South West African People's 
Organization. The programme is in English, Afrikaans 
and vernaculars and the schedule of this transmission 
is from 1915 to 1930 on Sundays, 1915 to 1945 on 
Mondays, Wednesdays and Fridays and from 1945 to 
2015 on Tuesdays, Thursdays and Saturdays. 

There is also, according to the BBC Monitoring 
Service, the PAC programme presented by the Pan 
African Congress in English, Afrikaans and vernaculars 
from 1930 to 1945 on Sundays, Tuesdays, Thursdays 
and Saturdays; the ANC programme presented by the 
African National Congress in English, Afrikaans and 
vernaculars from 2000 to 2015 on Sundays, Mondays, 
Wednesdays and Fridays; the Molinaco programme 
presented by the Movement for the Liberation of the 
Comoro Islands in French and vernaculars daily from 
1815 to 1830, also in parallel on 4785 (Molinaco pro- 
gramme only). 

CURRENT SCHEDULES 
AUSTRIA 
"Radio Austria", Vienna, radiates in English to 

Europe from 0830 to 0900 on 6115, 11835, 15410, 
17850 and on 21675; from 1230 to 1300 on 6155, 
9770, 11970 and on 17740; from 1830 to 1900 on 6155, 
9690, 15335 and on 17770. 

GERMANY (WEST) 
"Deutsche Welle - The Voice of Germany", Cologne, 

does not operate in English to Europe or the U.K. 
but may be heard in English to Asia and Australasia 
from 0930 to 1030 on 9650, 11850, 11925, 15275 and 
on 17800 (also relayed from Kigali, Rwanda on 
17780 and 21540); to Central and East Africa from 
1045 to 1115 on 17765, 17875, 21500 and on 21600 
(also relayed from Kigali on 11785 and 15410); to 
104 
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West Africa from 1200 to 1245 on 17875 and 21600 
(relayed from Kigali on 15410 and 17765); also to 
West Africa from 1930 to 2000 on 9765, 11785 and on 
15150. 

NORTH VIETNAM 
The First Network of Radio Hanoi, in Vietnamese 

to both North and South Vietnam, is scheduled from 
0756 to 1700 and from 2055 to 0630 on 4932, 6450, 
7373 and on 10056. Also from 0756 to 1525 and from 
2200 to 0630 on 4706. 

SOMALI REPUBLIC 
Radio Mogadishu has a daily news and commentary 

in English from 1215 to 1230 on 6095, 7120 and 9585. 

TANZANIA 
"Radio Tanzania", Dar-es-Salaam, operates an 

External Service in English and vernaculars to East 
Africa from 0330 to 0430 and to Central and Southern 
Africa from 0430 to 0530 on 6105. To East Africa 
from 0930 to 1030 on 9750; to East Central and 
South Africa from 1600 to 1830 on 4785 and on 15435; 
to Central and Southern Africa from 1830 to 2015 on 
4785 (until 1915) and on 15435. 

U.S.S.R. 
"Radio Moscow" has an External Service to the U.K. 

and Eire from 1130 to 1230 on 9450, 11705, 11745, 
11830, 11900 and on 11950; from 1900 to 1930 on 
6045, 7205, 7310, 7390, 9550 and on 9710; from 2000 
to 2030 on 6045, 7205, 7310, 7390, 9550, 9610, 9640 
and on 9710; from 2100 to 2200 on 6045, 7310, 7390, 
9550, 9610, 9710 and on 11805; from 2200 to 2230 on 
6045, 7390, 9610 and on 9710. 

Some other transmissions from the U.S.S.R. that 
may possibly be of interest to readers, even if it's just 
simply to claim that you have heard them, are - 

Relay of the Moscow Second Programme "Mayak", 
in Russian, from 1800 to 1830 on 5935, 7100, 7390, 
9560, 9670, 11750, 11755, 11790, 11800, 11880, 15150, 
15440, 15450 and on 15455. 

The Fifth Programme "Atlantika" (for Russian 
ships crews in the Atlantic) from 1630 to 1730 on 
9560, 11705, 15150, 15440 and on 15455. 

"Radio Station Peace and Progress", in English 
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to Asia from 
17805 and 178 

"Voice of 
languages to 
9450, 11830, 
15305, 15425, 

1530 to 1600 on 12035, 15200, 15295, 
70. 
the Soviet Homeland", in U.S.S.R. 
Europe from 1400 to 1500 on 7330, 
12010, 12015, 12020, 12025, 15150, 

15455, 15460 (from 1430) and on 17775. 

U.S.S.R. (REGIONAL RADIO CENTRES) 
External Services are also radiated from various 

regional centres - 
"Radio Baku" from 1300 to 1950 in Persian, 

Azerbaijani, Turkish and Arabic on 6110 and 9840. 
Listen, for instance, to the programme in Arabic from 
1630 to 1700. 

"Radio Dushanbe" from 1400 to 1830 on 7300 in 
Persian and Tadzhik. Listen for one of the Persian 
programmes from 1800 to 1830. 

"Radio Kiev" from 1530 to 0400 in English, German, 
Moldavian and Ukrainian. Listen for the English 
programme to Europe on Mondays, Thursdays and 
Saturdays from 1930 to 2000 on 6045, 7205, 7330 and 
on 7390. Also in English to the Americas from 0030 
to 0100 on 6020, 7195, 7220, 7295, 9500, 9540, 9600, 
9635, 9665, 9690, 11690, 11720, 11735, 12000, 12040, 
12050, 15210, 15245, 17720, 17900. 

"Radio Leningrad" from 2230 to 2330, in Russian 
for Soviet Fishermen (Fridays only) on 7250. 

"Radio Minsk" from 1800 to 1830 and from 2130 
to 2200, in Belorussian for Europe. From 1800 to 1830 
on 7310, 9710, 9785; from 2130 to 2200 on 5960, 
7160 and on 7340. 

"Radio Riga" from 0800 to 0915, from 1200 to 1300 
and from 1930 to 2200 on 5935. Listen for the pro- 
gramme in Swedish to Europe from 2020 to 2050. 

"Radio Tallin" from 0800 to 1000, from 1600 to 
2200 on 6085 in Finnish, Swedish and Estonian. 
Listen for the programme in Swedish from 2105 to 
2135. 

"Radio Tashkent" from 1200 to 1800 on several 
channels Listen for the programme in English to 
South Asia from 1400 to 1430 on 11730, 11925, 15115 
and on 15460. 

"Radio Tbilisi" from 1900 to 2100 in Georgian to 
Europe and the Middle East on 5930 on Tuesdays, 
Fridays and Sundays. 

"Radio Vilnius" from 2200 to 0100 in Lithuanian 
and English. Listen for the programme in English to 
Europe and North America from 2230 to 2300 on 
Saturdays and Sundays only on 9685, 9735, 9745 and 
on 11770. 

"Pacific Ocean Radio Station", Vladivostok, in 
various time periods and on many channels. Listen 
for the English language lesson from 1930 to 2000. 

"The Voice of Armenia", Yerevan, from 0300 to 
2200, listen for the programme in French to Europe 
from 0850 to 0900 on 12030, 15190, and on 15260, also 
for the programme in Arabic to the Arabic world 
from 1830 to 1900 on 4990 and on 6120. 

AROUND THE DIAL 

NORTH KOREA 
Pyong yang at 2000 on 6576 with station identifica- 

tion and programme in English. 

GHANA -1 
Tema at 1450 on 21545, songs in a local dialect, 

African music, drums at 1500 then identification and 
the news in English. 
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KUWAIT 
Radio Kuwait at 1930 on 11940, pop record pro- 

gramme with announcements in English, identification 
at 2000. 

AUSTRALIA -1 
Brisbane at 1958 on 4920, organ music, 6 pips at 

2000 then newscast of world and local events. 

ZAMBIA 
Lusaka at 1910 on 3295, lengthy discussion in ver- 

nacular which lasted until 1930 then into programme 
of local music and songs. The evening schedule is 
from 1600 to 2105 weekdays and to 2005 on Sundays, 
all programmes are in local dialects and the power is 
10kW. 

GHANA -2 
Ejura at 1934 on 3366, OM with talk in English, 

African drums then programme of local pops. This is 
the Commercial Service, the evening schedule of which 
is from 1600 to 2300, 10kW. 

Ejura at 2005 on 4980. OM with a newscast in 
English. This is also the Commercial Service, schedule 
daily is from 0530 to 2300, 20kW. 

UPPER VOLTA 
Ouagadougou at 1915 on a measured 4816, OM with 

identification in French, drums, local music then YL 
with a talk in French. The evening schedule is from 
1700 to 2300 and the power is 20kW. 

TANZANIA 
Dar-es-Salaam at 1940 on 15435, OM in vernacular 

with the Zimbabwe programme "Voice of the Revolu- 
tion", this being presented by the African National 
Council. The schedule of this programme, in English 
and vernaculars, is from 1915 to 1930 on Tuesdays, 
Thursdays and Saturdays and from 1945 to 2000 on 
Sundays, Mondays, Wednesdays and Fridays. 

AUSTRALIA -2 
Radio Australia, Melbourne, at 0645 on 15270 

with the interval signal - musical box rendition of 
"Waltzing Matilda", identification and commencement 
of the English programme directed to the U.K. This 
transmission is via the short path, that in parallel on 
9570 is via the long path. 

INDIA 
All India Radio, Delhi, at 2015 on 11620, interviews 

with government ministers about internal affairs in 
the English programme. 

UGANDA 
Kampala at 2055 on 4976, African drums and music, 

station identification and the news in English at 2100. 

DOMINICAN REPUBLIC 
Radio Norte, Santiago, at 0050 on 4807, typical 

Latin American music with several identifications and 
time -checks in Spanish, full identification at 0100. 

VENEZUELA 
Radio Popular at 0130 on 4810, local music, songs 

in Spanish, many identifications. 
Radio Maracaibo at 0150 on 4860, record programme 

of local pops, identification in Spanish and time -check 
at 0200. 
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DUAL VOLTAGE 

POWER SUPPLY 
By S. Essex 

The addition of another diode to a 
bridge rectifier makes a second 

rectified output available. 

OFTEN A NEED IS FELT FOR A MAINS POWER SUPPLY 
capable of providing two output voltages simul- 

taneously, and these are usually given by two mains 
transformers or by two secondary windings on a single 
mains transformer. This article outlines a method by 
means of which, if the two rectified voltages required 
are such that one is double the other, a single centre - 
tapped transformer winding can supply both with only 
one additional diode rectifier. The method may also 
be employed to obtain a second rectified voltage 
from an existing bridge rectifier circuit when this is 
supplied by a centre -tapped mains transformer winding. 

BASIC CIRCUIT 

The basic circuit is shown in Fig. 1. In the circuit 
description which follows it will be assumed that no 
forward voltage is dropped across any conducting 
rectifier. 

Let us commence by considering the bridge rectifier 
circuit on its own, and say that the peak voltage across 
the centre -tapped secondary winding is V volts. At the 
half -cycle peaks when the upper end of the winding is 
positive, as in Fig. 2(a), conventional current (from 

A.C. 

mains 

Reservoir capacitors 

Fig. 1. The basic circuit of the dual voltage power 
supply 

+V 

(a) 

(b) 

Fig. 2 (a). Current flow, as indicated by the 
arrows, in the bridge rectifier when the 
upper end of the transformer second- 

ary is positive 
(b). The current flow on the alternate half - 

cycles when the upper end of the 
winding is negative 
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Voltage 

Time 

Voltage output 
from bridge 

rectifier 

Voltage output 
from centre- 
- tap 

Fig. 3. Voltage waveforms at the output of the 
bridge rectifier (without a reservoir capacitor) 

and the secondary centre -tap 

positive to negative) will flow through D1, the load and 
D3 back to the lower end of the winding. D2 and D4 
are reverse biased and do not conduct. Since D3 is 
conductive the lower end of the winding is àt the same 
potential as the zero voltage earth line. From this it 
follows that the centre -tap of the winding is positive of 
the earth line by 0.5V. 

On the alternate half -cycle peaks when the upper end 
of the secondary is negative, as illustrated in Fig. 2(b), 
current flows from the lower end of the winding through 
D2, the load and D4 to the upper end of the winding. 
Since D4 is conductive, the upper end of the winding is 
at the same potential as the earth line. Once again, the 
winding centre -tap is positive of the earth line by 
0.5V. 

Fig. 3 shows the output voltage from the bridge 
rectifier, assuming that no reservoir capacitor is con- 
nected across it, together with the voltage at the 
centre -tap. Both voltages are with respect to the earth 
line. If a reservoir capacitor is connected across the 
output of the bridge rectifier, as it is in Fig. 1, it will 
charge up to the peak value of V volts. Similarly, if the 
centre -tap of the winding is coupled via a diode to a 

A.C. 
mains 

Fig. 4. Employing the circuit to produce equal 
voltages on either side of earth 
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second reservoir capacitor, as is also shown in Fig. 1, 
a series of positive 0.5V peaks will be applied to it, and 
the second reservoir capacitor will charge up to 0.5V. 
The series diode is necessary since, if the second 
reservoir capacitor were connected directly to the 
centre -tap the bridge circuit could become unbalanced 
when a high load current is drawn from the bridge 
rectifier reservoir capacitor and.a low load current from 
the 0.5V reservoir capacitor. 

ALTERNATIVE OPERATION 

If desired, the power supply may be operated with the 
0.5V line connected to earth, whereupon two equal 
voltages of 0.5V which are positive and negative of 
earth are provided. The circuit is shown in Fig. 4. 
There is a serious restriction on the use of this arrange- 
ment, however, this being that the load current between 
earth and the negative 0.5V line must be greater than 
the load current between the positive 0.5V line and 
earth. 

D II 

Fig. 5. It is necessary for the current to the negative 
line in Fig. 4 to be greater than that from the 
positive line if the required output voltages are to 

be maintained 

The reason for the restriction is illustrated in Fig. 5. 
Here, the upper end of the transformer secondary is 
positive and diodes D1 and D3 in the bridge are 

+o 5V conductive. The current in the upper load is the bridge 
rectifier current, whereas the current in the lower load 
is the bridge rectifier current plus the current passed 
by D5. Thus, for D5 to remain conductive the current 
in the lower load must be greater than that in the upper 

oV load. If it is not D5 becomes non-conductive and the 
earth line will take up a potential that is positive of the 
centre voltage between the positive and negative lines. 

o sv A similar situation will arise on the alternate half - 
cycles when D2 and D4 are conductive. 

For both the circuits of Fig. 1 and Fig. 4, the p.i.v. 
rating for the four bridge rectifier diodes should be 
greater than the peak voltage across the whole secondary 
winding, or greater than 1.414 times the r.m.s. secondary 
voltage. The p.i.v. rating for D5 should be greater than 
half the peak voltage across the secondary winding. 
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VERTICALLY RADIATING 
ANTENNA 

FOR OSCAR 
By Arthur C. Gee 

THOSE READERS WHO READ THE WRITER'S ARTICLE, 
`Tracking OSCAR', in the July 1974 issue of this 

journal will appreciate that, every so often, an orbit of 
OSCAR will pass more or less overhead. These orbits 
are particularly good for communication purposes as 
the distances involved are then at their shortest. 

VERTICAL CHARACTERISTIC 

The horizontal Yagi antenna, most frequently used 
for OSCAR communication, radiates primarily in a 
horizontal direction and not, of course, upwards, If, 
therefore, the best use is to be made of these overhead 
orbits a separate antenna having vertical radiating 
characteristics is well worth installing. 

The writer has had such an antenna in use for a 
sufficient length of time to have been able to assess its 
performance. He has observed that without doubt it 
causes signal strength on many occasions during over - 

The completed vertical radiating antenna posi- 
tioned on a flat garage roof 
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Detail showing the earth mat assembly and the 
manner in which the four elements are supported 

head orbits to be increased by one or two 'S' points 
when compared with the Yagi. The antenna is useful, 
too, for receiving the 2 metre down -link signals of the 
70cm/2m repeater on OSCAR 7 when this is in a high 
amplitude orbit, and could be particularly appreciated 
by those who do not feel the expense and complication 
of installing a rotary beam is justified for this purpose. 

As can be seen from the accompanying diagram and 
photographs, the antenna comprises a crossed dipole 
array mounted above an artificial earth, the latter 
consisting of a metal 'mat' incorporating a circle of 
expanded metal. The expanded metal is strengthened by 
being fixed to a radial framework of metal rods termina- 
ting at a circular rod round the rim. This assembly can 
be home -constructed using stiff galvanised wire or, if 
preferred, it can be made up at a local metal prefabri- 
cating works or blacksmith's. The photographs give a 
good idea of how the earth mat is assembled, and its 
size and detailed construction are not critical. In the 
writer's case, the mat is 4 ft. in diameter. Arrangements 
must be made for the attachment of a short metal `mast' 
at the centre to support the crossed dipole antenna. 
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The inner ends of the elements are secured to the 
four stand-off insulators shown here. The 
elements also pass through holes in the s.r.b.p. 
panels at the ends of the wooden cross arms 

The antenna elements can be cut from old TV aerial 
tubing. The cross arms at the centre are of wood with 
four thick rectangular s.r.b.p. CPaxolin') panels fitted 
at the ends. Each s.r.b.p. panel has a hole through 
which the associated element passes, and the inner ends 
of the elements are secured at four small stand-off 
insulators screwed to the wood. The wooden arms 
require a good coat or two of varnish to protect them 
against weather and damp. 

ELEMENT LENGTH 

The length of each element is 182 in. whereupon, 
taking in a gap of about I in. between the elements at 
the centre, the overall length of each dipole is 38 in. The 
dipoles have to be cross -connected by a phasing stub of 
750 coaxial cable in the manner shown in the diagram. 

The method of mounting the cross arms to the 
mast. Also illustrated are the matching section 
and stub. All connections are made thoroughly 

weather-proof 

The length of the stub should be a quarter wavelength 
multiplied by the velocity factor of the cable, which with 
759 cable may be assumed to be 0.55. In the author's 
antenna the stub was made 102 in. long. 

A matching section of 5052 coaxial cable is also re- 
quired to match the crossed dipoles to the 750 cable 
from the transmitter or receiver. The length of this 
section is again a quarter wavelength multiplied by 
velocity factor. Taking a velocity factor for 500 cable 
of 0.62, the matching section becomes 11â in. long. 

The height at which the crossed dipole is mounted 
above the earth mat will determine the radiation 
pattern, and the experimentally minded can have an 
interesting time varying this if they like. In the writer's 

4sVF. 

5On coaxial 
matching section 

l81/2` 

4 x V.F. 

75n coaxial cable 
stub 

75n cable to TX and/or RX 

The crossed dipoles forming the antenna 
require a 5052 matching section and a 750 

cross -coupling stub 

case satisfactory vertical radiation was obtained with 
the crossed dipole 20 in. above the mat. It should be 
noted that no connection is made to the earth mat nor 
to the short mast supporting the dipole. When com- 
plete, the antenna can be placed on the shack or garage 
roof, as shown, or on any other suitable horizontal 
surface. 

The writer employs the crossed dipole antenna in the 
following manner. The horizontal Yagi is used during 
the approach of the satellite then, when it reaches a point 
at a radius of about 200 miles from the writer's location, 
as indicated by the Tracking Indicator, a change is made 
to the vertical radiating antenna. The vertical antenna is 
used until the satellite has passed overhead -a period of 
4 to 5 minutes - and then a return to the Yagi is made, 
this having in the meantime been rotated to its reci- 
procal bearing. 
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COMPARATORS 
By D. Snaith 

The functioning of long-tailed pair 
voltage comparators. 

WE SEEM TO BE HEARING QUITE A BIT ABOUT 
comparators these days, notably in conjunction 

with timer integrated circuits such as the popular 555. 
In the 555 there are two comparators, one operating 
when an input voltage rises to *Vcc, and the other 
operating when the input voltage falls to ikVcc. 
Another very interesting i.c., the Intersil 8038 wave- 
form generator, also contains two comparators which 
similarly operate at *Vcc and *Vcc. 

It is always instructive to look directly at the internal 
circuits of i.c.'s and consider their functioning from 
the viewpoint of discrete component circuits. Integrated 
circuit techniques often result in designs which are 
quite some way removed from circuits employing dis- 
crete components, but the comparators used in devices 
such as the 555 can be readily understood in discrete 
terms. 

Fig. 1. An integrated circuit voltage comparator 
which causes TR1 to turn on when a positive - 
going input voltage is very close to the reference 

voltage 

COMPARATORS 
Before proceeding further, it should be mentioned 

that there are a number of i.c.'s described as compara- 
tors which have been on the market for quite a few 
years now. These particular comparators are not the 
same as those in the 555 and 8038, and are roughly 
similar to operational amplifiers in that they have an 
inverting input and a non -inverting input. If the non - 
inverting input is taken positive of the inverting input 
the output swings positive, and if the non -inverting 
input is taken negative of the inverting input the 
output swings negative. Thus, the comparator com- 
pares the two input voltages and gives an output 
accordingly. The output swing with reference to earth 
with these comparator i.c.'s is limited to some 3 to 5 
volts in the positive direction and around zero volts 
in the negative direction. Comparators of this nature 
are, in consequence, intended normally for t.t.l. 
computer applications. Typical examples are the 
SN72710 and the SN72711. 

TR! 

TR2 

Input 
voltage 

TR3 
>1- 

TR4 

vcc + 

TR5 

Rei. 

voltage 
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TR3 TR4 

The comparators found in the 555 and similar 
devices are much simpler and merely employ four 
transistors in a long-tailed pair circuit. Fig. 1 shows a 
comparator which actuates an external circuit when an 
input voltage goes positive of a reference voltage. 
TRI is a transistor which controls the external circuit. 
The long-tailed pair consists of two Darlington emitter 
followers, TR2 and TR3 forming one Darlington pair 
and TR4 and TR5 the other Darlington pair. The base 
of TR5 is coupled to a reference voltage which, in 
the 555, is WCc. The input voltage is applied to the 
base of TR2. 

If the input is negative of the reference voltage 
TR2 and TR3 do not conduct. At the same time, TR4 
and TR5 cause the voltage across the common emitter 
resistor to be equal to the reference voltage minus the 
voltage drop across two forward biased base -emitter 
junctions. If the input voltage is next caused .to go 
positive, TR2 and TR3 will still pass no current until 
the input voltage is very close to the reference voltage. 
When the input voltage is equal to the reference voltage 
the two Darlington pairs pass equal currents, and when 
the input voltage has gone positive of the reference 
voltage only TR2 and TR3 conduct whilst TR4 and 
TR5 become cut off. They are cut off since the increas- 
ing positive input voltage has caused the voltage 
across the common emitter resistor to increase also. 

When, as it goes positive, the input voltage very 
closely approaches the reference voltage, TR1 starts 
to pass current. It becomes fully conductive as the input 
voltage goes further positive. The speed with which 
TR1 turns fully on with increasing positive input volt- 
age depends on the gain in TR2, TR3 and TRI itself. 

NEGATIVE SENSING 
A comparator which operates when an input voltage 

goes negative of a reference voltage is shown in Fig. 2. 

TR2 

Input 

voltage 

TR1 

R 

vcc+ 

Ref. 

voltage 

Fig. 2. By reversing all the polarities, a voltage 
comparator capable of responding to a negative - 

going input is produced 

TRI 

BC 214 L 

Input a 

voltage 

TR2 

BC107 

TR3 

R1 

47kn 

TR1 

load 

Ì 

R2 
4 7kn 

BC 107 

o°o/ 

bce 

BC2I4L 
Lead -outs 

+9V 

TR5 

BC107 

Ref. 

voltage 

TR4 

BC107 

R1,R2 1/4 watt 10% 
BC107 

Lead -outs 

Fig. 3. A practical working comparator employing 
discrete components 

This is the same as Fig. 1 with all the polarities re- 
versed, and it functions in the same manner. In the 
555, the reference voltage is }Vcc. 

In the 555 timer the control transistor, TR1, of the 
negative sensing comparator alters the state of a flip- 
flop. This comparator is the same as in Fig. 2, with 
the exception that the collector of TR2 is returned 
to the negative rail instead of to the collector of TR3. 
TR3 collector still couples to the base of TRI. This 
method of connection produces a somewhat more 
abrupt switching operation. Also, the common emitter 
resistor is replaced by a constant current source. The 
positive sensing comparator in the 555 is the same as 
Fig. 1 except that the control transistor is itself part 
of a flip-flop circuit, to which are also connected the 
collectors of TR4 and TR5. The two comparators in 
the 8038 i.c. are the same as in Figs. 1 and 2. 

It is possible to make up a voltage comparator using 
discrete components, and a practical example is shown 
in Fig. 3. This is intended to operate when the input 
voltage goes positive of the reference voltage, and it 
functions in the same manner as Fig. 1. The collector 
of TR2 is returned to the positive rail instead of to 
the collector of TR3 in order to obtain a sharper 
turn -on in TRI. The circuit functions reliably for 
reference voltages between 2 and 8 volts positive of 
the negative rail. The input impedance at the base of 
TR2 is theoretically very high, but in practice it is 
desirable to keep the impedance of the input voltage 
source to less than around 500k0. The reference 
voltage may be obtained, if desired, from the slider 
of a pre-set 25kS2 potentiometer connected across the 
supply rails. For fast operation, the load current drawn 
from TRI should be kept below some 5mA. 
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HUMAN 
CELL 

By D. W. Savage 

Or how to obtain energy (but not much of it) for absolutely nothing. 

TAKE 
A SHEET OF ALUMINIUM AND ANOTHER SHEET OF 

tinplate. Connect the negative terminal of a 
0-100µA meter to the aluminium sheet and the positive 
terminal of the meter to the tinplate sheet, as in the 
accompanying diagram. Then place one of your hands 
palm down on the aluminium sheet and the other palm 
down on the tinplate sheet. According to the areas of 
contact between your hands and the two sheets, the 
meter will give a current indication of 20µA or even 
more. 

O-IOONA 

Aluminium 
sheet 

O+ 

Tinplate 
sheet 

CELL ELECTRODES 
What is happening here is that the two dissimilar metals form the electrodes of a cell. The electrolyte is provided by your body. The current produced varies with different people and, in general, is lowest with people having dry skin. 
If available, a 0-50µA meter may be employed instead of the 0-l00µA meter, and this will give a more dramatic effect because of the correspondingly greater 

deflection of its needle. The meter can consist of a 
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testmeter switched to a 10011A or a 50µA range, if 
this is more convenient. A voltmeter connected to the 
two sheets can give readings of up to 0.5 volt. 

The sheets may be replaced by other objects of the 
same metal, such as cylindrical cans, provided that it 
is possible to obtain good contact between the hands 
and the metal. A current reading will not be given if 
the tinplate has been `passivated' or has had a similar 
anti -corrosion surface treatment. Finishes of this 
nature can usually be recognised as they give the metal 

Two metal sheets are all that are required to set 
up a human electric cell 

a yellow sheen. 
Current readings are given with other dissimilar 

metals and an interesting field of experiment offers 
itself here. 

We are suffering an energy shortage so, perhaps, 
individual people could in the future be provided 
with their own personal aluminium and tinplate 
electrodes. When enough people are present at one 
place, as at a football ground, they could then all 
be hooked up in series to produce a really sizeable human battery! 
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Trade News . 
POLSTORE 83 SHELVING 
The basic framework for a single bay is constructed from four 
special T -section uprights, a bottom and a top shelf. The uprights 
and shelves interlock and are secured at each corner by bolts which 
screw into backing plates having a V-shaped profile. Intermediate 
shelves sit on supports which are simply clipped into slots in the 
uprights. - 

Further bays are erected by using two uprights and top and 
bottom shelves for each bay. 

The Rapid 83 system provides very rigid shelving with shelves that 
are easy and quick to move. The finish is in a tough stoved lacquer, 
charcoal grey for the uprights and light stone grey for the shelves, 
which makes shelving equally suitable for use in office, warehouse 
or factory. 

A wide range of fittings and accessories enable the shelving to be 
easily fitted and economically adapted to a wide variety of uses. 

A descriptive brochure is available from Polstore (Materials 
Handling) Limited, P.O. Box 23c, Esher, Surrey., 

LITESOLD DE -SOLDERING TOOL 
to remove the solder melted by the electrically 

heated tip is provided by a stiff rubber bulb which is 
depressed by the thumb before applying the tip to the 

joint. Once the solder has melted the bulb is released and 
the solder is drawn into the tip/filter chamber assembly. 
The solder remains molten and is ejected by firmly 
squeezing the bulb. 

Two tip bore sizes, 2 mm and 1.2 mm accommodate 
most component lead sizes. The tips are made of Permabit 
material for long life and the tool may be used as a nor- 
mal soldering iron when components have to be replaced. 

An effective tool for one -handed operation, the Lite - 
sold Adamin de -soldering tool is suitable for use on 
production rework stations, service departments and by 
field service engineers. 

Full details are available from the manufacturers, 
Light Soldering Developments Limited, 97-99 Gloucester 
Road, Croydon, Surrey. 

AUTOMATIC WIRE STRIPPER 
The Scotchlok TH 213 tool is a pliers type stripper 
which, operates without adjustment on wires from 0.75 
to 6 mm2 conductor area Cali to â in2). Quick and easy 
to use, the tool cuts into the insulation and strips it from 
the core in one simple action, without risk of damage to 
solid or stranded conductors. The TH 213 has a spring 
loaded return action so that it is always ready for 
immediate use, and has an auxiliary side wire cutter. 
The tool is reliable and comfortable for continuous use. 

The 213 wire stripper is 183 mm (7â in) long and 
weighs less than 180 g (approximately 6 oz). 

For further information please contact Product 
Public Relations, 3M United Kingdom Limited, 380 
Harrow Road, London W9 2HU. 
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T " 'S MY AUNTIE EFF," SAID DICK "IT'S 
as he leaned against 

Smithy's bench. 
Smithy applied his testmeter prods 

to the printed circuit board of the 
television receiver he was repairing. 

"She wanted me to fix a light at her 
front gate." 

Glancing down at the meter, the 
Serviceman gave a grunt of satisfaction. 

"Well," said Dick, "it raised a 
number of problems." 

Smithy switched off the television 
chassis, picked up his soldering iron 
and applied it to the printed board. 
Deftly, he pulled out one lead of a 
small polyester capacitor. He returned 
his soldering iron to its rest, then 
switched his testmeter to an ohms 
range. 

I said," repeated Dick in a deter- 
mined tone, "that this front gate light 
of my Auntie Eff's caused me quite a 
few problems. For a start, there had 
to be a switch in the house and another 
at the gate." 

But Smithy was entirely engrossed 
with the television chassis. He touched 
his testmeter prods together and 
adjusted the set -zero control. 

"Also," continued Dick doggedly, 
"since her front gate is out in the open 
I thought it would be best to use a 
low voltage circuit rather than run the 
mains out to it." 

AND GATES 
Smithy applied his test prods to the 

capacitor leads, one of which was still 
affixed to the printed board whilst the 
other now projected, on its own, into 
mid-air. 

"I put one on -off switch in the 
house," went on Dick, resolved to 
bring his story to a close, "an4 the 
other at the gate. Like this." 

Smithy glanced at his meter, and 
gave a little smile as its needle oblig- 

ingly indicated zero resistance. At the 
same time, Dick pulled Smithy's note- 
pad towards him and commenced to 
sketch the circuit of the lighting 
system he had installed for his aunt. 

"Excellent, excellent," stated Smithy, 
completely unaware of his assistant's 
presence. "I've spent nearly half an 
hour trying to trace that dratted 
capacitor. Let me see now, what's its 
value? Ah yes, 0.221.LF at 350 volts 
working." 

Smithy looked up, then gave a start 
as he suddenly found that his assistant 
was leaning over his bench less than 
six inches away. 

"Ye gods," he gasped, "how long 
have you been here?" 

"I've been here for ages," replied 
Dick in an exasperated tone. "I've 
been telling you all about this gate 
circuit I've made up for my Auntie 
Eff." 

Smithy's eyes wandered down to the 
circuit Dick had drawn out. (Fig. 1.). 

"A gate circuit?" he queried. "Why 
in the name of reason should an elderly 
spinster like your Auntie Eff want a 
gate circuit?" 

"It's a perfectly reasonable thing 
for her to want." 

"I know your aunts are all a bit 
off-centre," continued Smithy be - 

Supply (lo ) Lamp 

Fig. 1. The circuit of the front 
gate lamp installed by Dick. 
One switch is positioned in 
the house and the other at 

the gate 

This month Smithy the 
Serviceman gives his 
assistant, Dick, an in- 
sight into the world of 
simple gate logic. He 
also proves the accur- 
acy of the two equa- 
tions which express 
De Morgan's theorem. 

musedly, "but your Auntie Eff must 
be right outside the circle. What 
you've drawn there is an AND gate." 

"An AND gate?" 
"That's right," replied Smithy 

promptly. "If you say that each switch 
when closed, and the lamp when lit, 
represents 1, then the lamp is only at 
1 when both switches are at 1. It's a 
circuit for an AND gate." 

"Stap me," retorted Dick. "It's you 
that's outside the circle, Smithy. This 
isn't a circuit for an AND gate, it's a 
circuit for a flaming front gate!" 

Smithy sighed. 
"All right," he said resignedly, "tell 

me all about it." 
"Well," replied Dick, "as you would 

have heard me saying earlier on if 
you hadn't had your head stuck into 
that darned set, this is a circuit for a 
light at my aunt's front gate. Because 
the light is out in the open I thought 
I'd make the circuit low voltage 
instead of running the mains out to 
the gate. There had to be a switch at 
the gate, but if the power was on 
continually the kids in the street would 
spend half their time switching the 
light on and off. So I put a second 
switch in series inside the house. The 
result is that if my aunt goes out in 
the evening she turns on the switch in 
the house, turning off the one at the 
front gate as she passes if it happens 
to be on. When she comes back she 
puts on the switch at the gate then 
turns off the lamp with the switch in 
the house after she's got inside." 

"Where," asked Smithy, "did you 
get your low voltage from?" 

"From an old heater transformer," 
replied Dick. "This had two 6.3 volt 
windings which I connected in series. 
I used a small 12 volt car sidelamp at 
the gate. And one of the low voltage 
supply leads is earthed to the mains 
earth." 
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"Fair enough," commented Smithy. 
"I'd have thought a slightly better 
idea would be to have the switch in 
the house connected in the primary 
circuit of the transformer. Like this." 

Smithy scribbled out a second 
circuit. (Fig. 2.). 

"Humph," conceded Dick, looking 
at Smithy's sketch. "Perhaps that 
would have been a better way of doing 
things. Anyway, why on earth did 
you start carrying on about AND 
gates as soon as you saw my circuit?" 

"Because," stated Smithy, "what 
you had drawn is an elementary 
circuit which is often used to explain 
the working of an AND gate. The 
output is only present, or at 1, when 
both the first and the second switches 
are closed, or are similarly at 1." 

TRUTH TABLE 
"An AND gate, eh?" responded 

Dick, his interest rising. "Well, I 
suppose it's reasonable that someone 
who is as immersed in electronics as 
you are would have started thinking 
about AND gates as soon as you saw 
the circuit. If I remember correctly, 
the general idea is to introduce an 
AND gate with the switching circuit 
and then get on to the actual AND 
gate symbol. An AND gate is drawn 
like this, isn't it?" 

Dick sketched a symbol on the 
note -pad. 

"That's right," confirmed Smithy. 
"What you've drawn there is a 2 -input 
AND gate. Let's stick some letters at 
the inputs and outputs to identify 
them. We can call the inputs A and B, 
and the output Y." 

Smithy added the letters. (Fig. 3 
(a).) 

"Now," he went on, "this is the sort 
of gate we bump into when we're 
dealing with logic circuits, such as 
transistor -transistor logic or t.t.l. 
circuits. T.T.L. circuits use positive 
logic, which means that binary 1 is 
represented by a relatively high 
positive voltage and binary 0 by a 
relatively low positive voltage, both 
of these being with respect to ground, 
or earth. Now, with the AND gate 
we have here the output Y only goes 
up to 1 when input A and input B 

A.C. 

mains 

Low voltage 
secondary 

Fig. 2. An improved version 
of the circuit, as suggested 
by Smithy. The switch inside 
the house now controls the 
supply to the transformer 

primary 

Inputs Output 

A Y 

0 

0 

O 
0 
0 

0.0 = 0 
1.0=0 
0. 1 =0 
I.I = I 

(c) 

Fig. 3 (a) A symbol for a 
2 -input gate 

(b) Truth table for the 
AND gate 

(c) Simple AND 
relationships taken 
from the truth table 

are t 1. For all other states of the 
inputs the output is O. We can draw 
up a little truth table to cover this 
state of affairs. 

Smithy quickly drew up the truth 
table. (Fig. 3(b).) 

"That seems fair enough," com- 
mented Dick, examining the table 
critically. "When both A and B are 
0, so also is Y. Y stays at 0 if either 
A or B on its own goes up to 1, and 
it changes to 1 when both A and B 
go up to 1." 

"Good," said Smithy. "When we're 
dealing with logic circuits we use 
Boolean algebra, which is a bit differ- 
ent from ordinary algebra. To repre- 
sent the expression 'A and B' we say 
A full -stop B, or just AB. The word 
'and' is understood if the impression is 
given that the two quantities would be 
multiplied in ordinary algebra. Now, 
each entry in the Y column of our 
truth table represents the outcome 
of the corresponding entries in the 
A and B columns. So we can make up 
a little list showing simple relations 
between 1 and O." 

Smithy picked up his pen and wrote 
out the list. (Fig. 3(c).) 

"Why," said Dick, "you've just 
transposed the entries from the truth 
table to the list." 

"That's right," confirmed Smithy. 
"And what I've written down is that 
0 and 0 [equals 0, 1 and 0 equals 
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0 and 1 equals 0, and 1 and 1 equals 
1. Well, that's enough about AND 
relationships for the time being, so 
let's look next at an OR gate." 

Smithy drew out a further circuit 
on his pad. (Fig. 4(a).) 

"Seeing that we started off the 
AND gate with switches," he contin- 
ued, "we might as well do the same 
with the OR gate. The two switches 
I've now drawn represent the OR 
function; you get an output, 1, if 
either switch or both switches are 
closed, or are similarly in the state 1. 
Let's press on to the usual OR gate 
symbol." 

Smithy drew the OR gate symbol 
on his pad. (Fig. 4(b).) 

"That's familiar enough," com- 
mented Dick. "Now, let's see how it 
works. I suppose that when the inputs 
are both at 0 the output is at O. But 
if either input goes up to 1, so also 
does the output. The output also goes 
up to I if both inputs go up to I." 

"Exactly," agreed Smithy. "You 
get an output 1 if either input A or 
input B or both go up to 1. Here, you 
can make up the OR gate truth table 
yourself." 

Smithy handed his pen to Dick, 
who soon drew up the truth table. 
(Fig. 4(c).) 

"Very good," commented Smithy. 
"What you've shown is that when 
both A and B are at 0 so also is Y. 
But Y goes up to I when either A or 
B, or both together, become 1. Now 
let's write out the simple relations we 
get from this little lot, remembering 
that in Boolean algebra we represent 
the term `or' by a plus sign." 

Smithy wrote out the relations. 
(Fig. 4(d).) 

"This," remarked Dick, "is dead 

Supply 

easy. What you've put down is that 
0 or 0 equals 0, 1 or 0 equals 1, 0 or 1 

equals 1, and that I or 1 equals 1." 
"That's right," said Smithy briskly. 

"Let's get on next to NAND and 
NOR gates." 

"Take it easy, Smithy," objected 
Dick. "I'm only just getting settled 
comfortably into what we've done 
up to now!" 

INVERTER 
"A NAND gate," continued Smithy, 

oblivious to his assistant's protests, 
"can be represented by an AND gate 
followed by an inverter." 

"Hey, hang on a bit," protested 
Dick. "What's an inverter?" 

"An inverter," stated Smithy, "is 
simply a device which inverts the input 
signal fed into it. If the inverter input 
is at 1 its output is at 0, and if its input 
is at 0 its output is at 1. There are 
several ways of representing an inverter 
on its own, and probably the most 
common of these is the triangle we 
use for an amplifier with a circle at its 
end. Like this." 

Smithy sketched out the inverter 
symbol. (Fig. 5(a).) 

"The circle," he went on, "is the 
item which actually indicates inversion. 
So, for a NAND gate we use the 
AND gate symbol with a circle added 
at its output end. Here's the NAND 
gate symbol, and here's its truth 
table." 

Swiftly, Smithy drew the NAND 
gate symbol, following this 
truth table. (Figs. 5(b) and (c).) 

"That seems simple enough," stated 
Dick, as he looked critically at the 
truth table. "The outputs from the 
NAND gate are simply the AND gate 
outputs inverted. What about the 

Inputs 

A 

Ji 

(a) 

Output 

(b) 

Y 

Lamp 

A B Y 

O O O 

I O I 

O I I 

I I I 

(c) 

(d) 

Fig. 4 (a) A switching circuit representing OR gate operation 
(b) Symbol for an OR gate 
(c) Truth table for the OR gate 
(d) Simple OR relationships demonstrated by the truth table 
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Input 

(a) 

Output 

Inputs Output 

(b) 

A B Y 

O 

O 

O 
O 

O 

(c) 

Fig. 5 (a) Common symbol 
for an inverter 

(b) A 2 -input NAND 
gate 

(c) The truth table for 
the NAND gate 

NOR gate?" 
"You get the same sort of thing with 

the NOR gate," stated Smithy. "A 
NOR gate is an OR gate with an in- 
verter following, and the symbol for a 
NOR gate is an OR gate with a circle 
at its output end. And its truth table 
shows the OR outputs all inverted." 

Smithy scribbled out the last two 
items, then tore the now fully covered 
top sheet from his note -pad and laid it 
on his bench. (Figs. 6(a) and (b).) 

"I should imagine," remarked Dick 
thoughtfully, "that you could write 
equations for these gates, showing 
what they do. With the AND gate, 
for instance, could you say its equation 
would be: Y equals A full -stop B?" 

Smithy threw a pleased glance at his 
assistant. 

"Yes, you could." 
"And would the equation for the 

OR gate be: Y equals A plus B?" 
"Dear me," said Smithy, impressed 

at this unexpected acumen on the part 
of his assistant, "that's exactly what 
you would say." 

Good show," said Dick, en- 
couraged. "Now how about the 
NAND gate? Is this: Y equals A 
full -stop B inverted?" 

"Not exactly," replied Smithy. 
"What you says is that Y equals not 
the expression A full -stop B. In this 
instance the 'not' applies to the full A 
and B expression, and it's indicated in 
writing by putting a bar over the A 
and B terms. You can refer to single 
inverted letters as not -A and not -B 
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Inputs 

A- 1 

B 

Output 

(a) 

A B Y 

O 

O 

O 
O O 

O 
O 

(b) 

Fig. 6 (a) The NOR gate 
symbol 

(b) The NOR gate 
truth table 

Y 

and you draw a bar over each 
individual letter. But when a complete 
expression is inverted you draw the 
bar over the lot. The ends of the bar 
then enclose the expression in the 
same way as two outside brackets do 
in ordinary algebra. It's easier to 
write these things than say them, so 
I'll write the equations for the four 
gates we've been talking about." 

Smithy wrote out the four equations. 
(Fig. 7(a).) 

AND Y = A.B 
OR Y = A+B 

NAND Y = A.B 
'NOR Y = A+B 

(a) 

AND Y = A.B.0 
OR Y = A+B+C 

NAND Y = A.B.0 
NOR Y = A+B+C 

b 

P,.B = Â+B 

A+B = A.B 

(c) 

Fig. 7 (a) Equations defining 
the functioning of 

2 -input gates 
(b) Equations for 3 - 

input gates 
(c) The equations of 

De Morgan's 
Theorem 
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"You've only dealt with gates having 
two inputs up to now," said Dick 
thoughtfully. "Can you have gates 
with more than two inputs?" 

"Oh yes," replied Smithy. "You can 
have quite a lot more inputs to a gate. 
If the gate is an AND gate, its output 
is at I only when all its inputs are at 1. 
With an OR gate, the output is at 1 

when any one or more inputs is at 1. 
A NAND gate output goes from 1 to 
0 only when all its inputs are at 1. 
And a NOR gate output goes from 1 

to 0 when any one or more inputs is 
at 1. To get a bit of practice in, let's 
see you write out the equations for the 
four gates when these have three 
inputs instead of two. You can call the 
third input C." 

"Fair enough," replied Dick, picking 
up Smithy's pen. 

DE MORGAN 
Frowning with concentration, Dick 

wrote out the operating equations for 
the four gates with three inputs. 
(Fig. 7(b).) 

"You're really on the ball today," 
stated Smithy in a gratified tone, "and 
all those equations are correct. Well 
now, let's go a bit further with this 
Boolean algebra and take a look at 
two equations which are referred to as 
representing De Morgan's Theorum. 
The equations go like this." 

Smithy wrote down the two equa- 
tions. (Fig. 7(c).) 

"Blimey," said Dick, looking un- 
certainly at Smithy's note -pad. 
"They're a bit involved, aren't they?" 

"Not really," replied Smithy. "The 
De Morgan equations are quite simple, 
and they can be jolly useful if you're 
working on logic circuits. The left-hand 
side of the first equation has an invert- 
ing bar over the expression A and B, 
which means that this is the not version 
of the complete expression. The right- 
hand side has individual bars over each 
letter, and so it reads not -A or not -B. 
The second equation has the complete 
expression, A or B, inverted, and the 
right-hand side is not -A and not -B. 
Okay so far?" 

I think so." 
"Right! Well, we can prove the 

first equation with the aid of a truth 
table. To start off with, we'll make up 
columns for A, for B, and for A and 
B. The fourth column will be for the 
expression A and B inverted, and this 
will represent the left-hand side of the 
equation. We'll then carry on to 
columns for not -A and not -B and a 
final column for not -A or not -B, which 
gives us the right-hand side of the 
equation. I'll start off by putting in the 
four possible combinations for A and 
B in the two first columns." 

Smithy drew up the truth table and 
commenced to make his entries. 
(Fig. 8(a).) 

"The third column," said Dick, 
looking suspiciously at the table, "is 
for A and B. How do we find the 
entries for this?" 

"From the simple relations we found 
earlier," replied Smithy cheerfully. 
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0 
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O 
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O 
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0 
O 
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I 

O 
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I 

O 
O 
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I 

0 

B 

(a) 

A.B 

A-{>oA\ 
Ä+ä B-oBf 

(b) 

Fig. 8 (a) Truth table proving 
the first of the De 

Morgan's 
equations 

(b) The gate circuits re- 
presented by the 

equation 

"We've already seen that 0 and 0 
equals 0, and that 0 and 1 also equals 
0. So the first three entries in the third 
column are all 0's. The fourth entry is 
I because 1 and 1 gives 1. I'll leave you 
to fill in the fourth column, which is 
simply the third column inverted." 

"This," boasted Dick, "is a piece of 
cake. I just have to put in a 1 where 
there's a 0 in the third column, and a 
0 where there's a 1 in the third 
column." 

Dick added the figures under the 
watchful eye of the Serviceman. 

"That's exactly right," said Smithy. 
"Well, we've now got a column 
representing the left-hand side of the 
first De Morgan equation. You can 
fill in the not -A and not -B columns 
next." 

"Okeydoke," said Dick obligingly. 
"This is a piece of cake again. All I 
have to do is put in l's where there 
are 0's in the first two columns, and 
vice versa." 

Dick soon had the fifth and sixth 
columns completed. 

"All that remains," said Smithy, 
picking up the pen, "is to fill in the 
final column, for which we once more 
consult the simple relations we en- 
countered earlier. This time they're 
the relations for the OR function. 
With these, 1 or 1 equals 1, 0 or 1 

equals 1, 1 or 0 equals I, and 0 or 0 
equals 0. So, the final column consists 
of three l's followed by a 0." 

"I see," said Dick, as Smithy 
entered the figures. "Well that seems 
straightforward enough. Hey, I've 
just noticed something!" 
118 

"What's that?" 
"This final column is the same as 

the fourth column!" 
"Of course it is, you twit. That's the 

whole object of the exercise, and it 
shows that the first De Morgan 
equation is correct." 

"How," asked Dick, "does this 
equation prove to be of practical use?" 

"Well," replied Smithy, "let's apply 
the two inputs to gate circuits repre- 
senting the two sides of the equation. 
The left-hand side would be given by 
applying the two inputs A and B to a 
NAND gate, whilst the second would 
be provided by applying the inputs to 
two inverters whose outputs couple 
to an OR gate. The two set-ups pro- 
vide the same output, as is shown by 
the truth table, but one is obviously 
simpler than the other because it con 
sists of one gate and an inverter 
whilst the other has one gate and two 
inverters. In practice there isn't much 
in it but, even so, making a comparison 
at this simple level does show that the 
first De Morgan equation offers a 
useful advantage. If somebody asked 
you to make up a gate circuit for not -A 
or not -B, you could take advantage 
of the equation and present him with 
a simple NAND gate which did the 
same thing." 

As he was speaking, Smithy had 
sketched out the two gate circuits. 
(Fig. 8(b).) 

SECOND EQUATION 
"This," said Dick excitedly, "is 

really something! These gate circuits 
are certainly versatile." 

"They are that," agreed Smithy. 
"Part of the art of basic logic gate 
design is to try and bring a gate circuit 
down to its simplest form. This can 
be done with the aid of simple relations 
of the type we have just seen, together 
with the De Morgan equations." 

"Let's," said Dick eagerly, "have a 
go at proving the second equation. 
Can we do this with another truth 
table?" 

"Oh yes," replied Smithy. "This 
will need columns for A and B just 
as before, after which we need a 
column for A or B, and one for the 
A or B expression inverted. We next 
have a further column for not -A, 
another for not -B and then a final 
column for not -A and not -B. Here, 
I'll start you off by filling in the A and 
B columns then I'll let you finish the 
rest." 

Smithy drew out the truth table 
outline, entered the column headings 
and the four possible entries for A 
and B. He gave his pen to Dick and 
watched his assistant as he worked 
his way along the table. Eventually, 
Dick completed the final entry in the 
last column. (Fig. 9(a).) 

"How's that?" he asked, looking 
expectantly at Smithy. 

"That's a hundred per cent correct," 
responded Smithy. "Again, the fourth 
column and the final column are the 
same, which proves the second De 
Morgan equation. Let's draw the gate. 

circuits needed for each side of the 
equation." 

Smithy applied his pen to the note- 
pad. (Fig. 9(b).) 

"The left-hand side," he went on, 
"has the two inputs going to a NOR 
gate. The right hand side is represented 
by the inputs going into two inverters 
and then to an AND gate. So, once 
more, we have two quite different 
looking gate circuits, both of which 
give the same performance." 

"This has been quite a revelation to 
me," stated Dick. "It's amazing what 
you can do with this gate circuit 
logic." 
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A+B 

Fig. 9 (a) Truth table dealing 
with the second 

De Morgan 
equation 

(b) The equation in- 
volves the two 
gates shown here 

"The real strength of the De 
Morgan equations," said Smithy, "is 
that they can be expanded into three 
or more terms. Here, I'll show you 
the equations for three, four and even 
six terms." 

Smithy wrote down the equations. 
(Fig. 10). 

These equations can be a very 
powerful aid to the designer. If you've 
got to combine a lot of NOR or 
NAND functions, the equations can 
often enable the simpler of two gate 
options to be found." 

"Can these further equations also 
be proved by truth tables, too?" 

"Oh, definitely." 
Smithy put out his hand towards 

his note -pad and, in so doing, glanced 
at his watch. 
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KEEPING BUSY 
"Hey," he remarked wrathfully, 

"what the dickens have I been doing 
over the last half-hour?" 

"You've been telling me," replied 
Dick cheerfully, "all about gates and 
De Morgan's Theorem." 

"Well, I shouldn't have been," 
snorted Smithy, "I should have been 
fixing TV's instead. Darn it, Dick, 
you've gone and conned me yet again! 
When I'm supposed to be doing ordin- 
ary servicing work you've managed to 
trick me into talking about something 
quite different." 

"All that happened," stated Dick 
innocently, "was that I told you about 
the light I'd put in at my Auntie Eff's 
front gate." 

A.B.0 = A+B+C 

A.B.C.D = A+B+C+D 

A.B.C.D.E.F = A+B+C+D+E+F 

A+B+C = A.B.0 

A+B+C+D = A.B.C.D 

A+B+C+D+E+F = A.B.C.D.E.F 

"Ah yes," said Smithy, frowning. 
"I remember that now. But, dash it 
all, why were you telling me about 
your Auntie Eff's front gate light?" 

"Because I'd finished my last set for 
the day and I felt like a bit of a chat. 
The TV you've got on your bench is 
the only set that's now outstanding." 

Smithy looked round at the "For 

Repair" racks. They were, indeed, 
empty. 

"Well," he remarked, mollified. "It 
looks as though you have got some 
sort of excuse. What were you saying 
about truth tables?" 

"I was wondering if you could draw 
up truth tables to prove the longer 
versions of the De Morgan equations." 

"Yes, you can. As you've got noth- 
ing better to do, why don't you go 
back to your bench and make up 
truth tables for the equations when 
they have six terms? That will keep 
you occupied until I finish off this 
set." - 

Eagerly, the unsuspecting Dick 
returned to his bench to tackle the 
tables. Left to himself, Smithy gave a 

Fig. 10 The De Morgan equa- 
tions can be expanded 
to any number of 
terms, as indicated by 
the examples shown 

here 

little chuckle at the thought that he 
should not be interrupted for quite 
some time now. As the Serviceman 
went to the spares cupboard for a 
new 0.24F capacitor, he mentally 
calculated the number of lines that 
would be required in the truth tables 
for the equations with six terms. There 
would undoubtedly be at least twenty 
of them ... 
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GAREX_ 
Modulation transformers 
Valve type 747, as specified for 30W Tx 
£2.60 
Transistor type, p/p NKT404to QQV03-20a 
(or QQV03-10), with driver transformer to 
match - special offer - the two £1.45. 
Audio transformers - driver and output 
(2W) p/p NKT404 to 30 the two 70p 
N KT404 power transistors 

17p each, 4 for 60p 
Mains transformers (multitap primaries) 
250-0-250V 200mA, 63V 5A, 5V 2A, 
fully shrouded, (suitable for 30W Tx - 
matching style to mod. transf.) £5.70 
345-0-345V 150mA, 5V 2A £5.45 
6.5-0-6.5V 2.3A, 6.5-0-6.5V 2.9A, 

6.5-0-6.5V 4.2A, 6.5V 2.7A, 
37V 30mA £5.45 

H.T. chokes 5H 80mA,1.8H 125mA £1.10 
Toroidal Inverter Transformer 
Input 12V DC, output 170/380V 
180mA £2.05 
Relays GPO type 2400, 12V coil, 

8A contacts, 4PCO or 2P make 
any 4 for £1.00 

Connection data or circuits supplied with 
transformers. 
Components are ex -equipment, in good 
condition, your satisfaction guaranteed. 
Prices inclusive of UK Post, Packing 

and VAT at 25% 
Mail order only. Sole address: 

GAREX ELECTRONICS 
7 NORVIC ROAD, MARSWORTH, 

TRING, HERTS HP234LS 
Cheddington (STD 0296) 668884 
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Radio Topics 
By Recorder 

One of the chore -horses which literally 
keep our modern world turning must 
surely be the car battery. Whenever I 
hear a car being started, and particu- 
larly when the engine is reluctant to 
fire, I always visualise the fantastic 
quantity of amps that the little car 
battery is furnishing for the starter 
motor. On checking with a reference 
on car mechanics, I see that the starter 
motor current can be reckoned in 
hundreds of amps. 

AMPERE -HOURS 
When chatting recently with a 

friend about batteries, he asked me if 
I had any idea of the ampere -hour 
capacity of a car battery. It is many 
years since I've had to think about the 
ampere -hour capacity of a battery 
and eny mind went back to the volt 
20 ampere -hour accumulators that 
we used in the R.A.F. during the war. 
Working on the premise that a 12 volt 
car battery is about six times the size 
of those early accumulators I ventured 
a guess of about 120 ampere - 
hours. But I was wrong, and I found 
later that the average car battery is of 
the order of 50 ampere -hours, or even 
quite a lot less. 

The ampere -hour capacity of a 
battery may be reckoned on either a 
10 hour rate or a 20 hour rate. For the 
sake of simplicity, let's say it is the 
10 hour rate. A fully charged 2 volt 
20 ampere -hour accumulator will in 
consequence deliver 2 amps for 10 
hours before it is discharged, giving 
the ampere -hour figure of 2 times 10, 
or 20. If we connect six 2 volt 20 
ampere -hour accumulators in series 
to produce a 12 volt battery, the 
capacity of that battery will still be 
20 ampere -hours. Should we draw 
2 amps from the 12 volt battery, each. 
of the six 2 volt accumulators will be 
delivering 2 amps, and will still be 
discharged after 10 hours. 

And this, as I realised afterwards, is 
where I went wrong in making the 
assumption that the ampere -hour 
rating of the car battery could be 
equated to that of a 2 volt accumulator 
in terms of physical size ratio. The 
ampere -hour capacity of a battery 
consisting of a series combination of 
identical cells will be equal to the 
ampere -hour capacity of any of its 
cells. 

I.C. HOLDERS 
In company with most other con- 

structors I like to play around with 
integrated circuits. Whenever possible 
I obtain the d.i.1. version of the i.c. 
and I always use an i.c. holder instead 
of connecting direct to the i.c. pins. 
This is merely a personal preference, 
of course, but it is a lot easier to 
remove an i.c. from a holder if there 
is an error in the wiring than it is to 
unsolder it when it is connected 
directly to a printed circuit or to a 
Veroboard. 

For experimental purposes I have 
several 16 pin i.c. holders each soldered 
to an oddment of 0.1 in. Veroboard 
having 10 holes by 16 strips. Each 
holder is soldered in at the centre of 
the Veroboard and the strips between 
the pins are cut. Thin flexible leads are 
soldered to the strips on either side 
of the i.c. holder, and the whole then 
presents a robust assembly which can 
be quickly wired up for an experi- 
mental circuit. Working in this way 
means that the connections to the i.c. 
are rather long but this hasn't caused 
me any trouble in practice. Even such 
devices as a 741 op -amp can be con- 
nected into a circuit with leads several 
inches long, although there is no 
guarantee that these might not cause 
instability in some instances. However, 
I have been lucky up to now and have 
not had any difficulties in this respect. 
After a new circuit has been checked 
with a Veroboard-cum-holder assem- 
bly, it can then be constructed perm- 
anently using more respectable meth- 
ods of wiring. 

Why have I only wired up 16 pin 
holders in this way? Because a 16 pin 
holder will take any d.i.l. integrated 
circuit having 16 pins or less, including 
the 8 pin 555 timer. 

TV DISPLAY 
The accompany photograph shows 

one of two possibilities offered by new 
m.o.s. microcircuits developed by 
General Instrument Microelectronics 
Ltd., 57-61 Mortimer St., London, 
WIN 7TD. In the illustration a TV 
receiver is displaying the time. Alter- 
natively, it can show the channel 
number, this latter facility being pro- 
vided in TV receivers having channel 
selection by a hand held remote 
control unit. 

With the aid of new micro- 
circuits developed by General 
Instrument Microelectronics, 
a TV receiver can be made to 
display the time or the channel 

number 

The microcircuit producing the 
display is the General Instrument 14 
pin type AY -5-8300, and this can be 
coupled to the General Instrument 
AY -5-1203 digital clock microcircuit 
for the time display or to the varactor 
tuning circuits of the tuner for the 
channel display. The channel number 
appears for several seconds after a 
new channel has been selected or it 
can be displayed permanently if 
required by the manufacturer. With 
colour TV receivers the figures appear 
as coloured characters on a black 
background, the colours available 
being red, green, blue, yellow, mag- 
enta, cyan and white. 

The AY -5-8300 can display channel 
numbers from 0 to 15. A 24 pin ver- 
sion, designated the AY -5-8310, offers 
two further options. For example, 
channel nine can be displayed as '9' 
or '09'. In the former case 16 channels 
can be displayed, and in the latter 
100 channels. 

In operation the display driver 
microcircuit is synchronised to the 
TV receiver by the field flyback pulse 
at the beginning of each new field. 
Then a vertical position counter is 
initiated which counts 49 line pulses 
before enabling the horizontal position 
counter. A 1.1MHz oscillator is also 
synchronised to the line flyback pulse 
at the beginning of each line in order 
to form a sharp character edge. The 
entire character including the black 
border is subsequently delineated in 
the next 35 lines. 

COMBINING EQUIPMENT 
Marconi Communication Systems 

Limited, which is a GEC -Marconi 
Electronics Company, has always 
presented a very creditable export 
performance. I see that they have 
now, in face of strong competition 
from American manufacturers, won 
an order to supply broadcast equip- 
ment for the tallest man-made building 
in the world, the CN Tower in 
Toronto. 
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The order, which was placed by 
Master FM Limited through the 
Canadian Marconi Company, calls 
for the supply of , a combining unit 
which will take the outputs of all the 
f.m. radio stations operating in 
Toronto and broadcast them from the 
tower through a single aerial system. 

The CN Tower, one third of a mile 
high, is to form the broadcasting and 
communications centre for the Metro- 
politan Toronto area, as well as pro- 
viding a public viewing platform and 
restaurant at a height of some 1,200 
feet. The combining unit that Marconi 
Communication Systems is supplying 
will initially combine the outputs of 
five f.m. broadcasts into a single aerial, 
although the system is capable of 
being expanded to combine a total of 
eleven programmes. 

The system includes sophisticated 
control and monitoring equipment 
which provides accurate forward and 
reflected power measurement facilities 
on individual channels and on the 
cdmbined output, taking executive 
action to switch transmitters off in the 
event of a high v.s.w.r. An interesting 
feature of the combiner design is the 
extremely low insertion loss, which 
means that the power dissipated in the 
unit is very low, avoiding the need for 
any form of forced air cooling. 

The CN Tower will also house three 
Marconi high power u.h.f. television 
transmitters. These are all Marconi 
55kW equipments, and two have 
already been delivered to the Canadian 
Broadcasting Company. 

BATTERY CONNECTORS 
An acquaintance recently wanted 

me to fix up a means of switching on 
and off a transistor radio in his bed- 
room without getting out of bed. The 
bedroom has a rather curious geometry 
with the bed in one corner up against 
the walls, and it is a little difficult to 
fit up a bedside table on which the 
radio could stand. What my friend. 
required was a switch on the end of a 
length of flex which he could turn on 
and off whilst snuggled down under 
the sheets. 

Since the lead between the switch 
and the radio would only be three to 
four yards long there was no point in 
thinking of relays or thyristors or 
anything like that. All that would be 
required was to interrupt the con- 
nection to one terminal of the radio 
battery and insert a 2 -way flex with a 
single pole remote on -off switch at the 
other end. If the radio were then 
turned on at its own switch, it could 
be controlled by the remote switch. 
The resistance inserted by the 2 -way 
flex would be negligibly low, and the 
length of wire should not cause any 
instability if the receiver had the usual 
high value electrolytic capacitor across 
its supply rails. 

On looking at the radio I found it 
was fitted with a PP6 battery. At the 
end of two flexible leads from the 
radio circuitry was the usual 2 -way 
battery connector with a male and a 
SEPTEMBER 1975 

female contact clip. It seemed a pity 
to alter the existing wiring on the set, 
so I decided to think in terms of an 
adaptation which could be easily 
removed at a later date. 

It is obvious that one 2 -way battery 
connector can be plugged into another 
2 -way battery connector, and so I 
decided to obtain two more connectors 
of the type employed with a PP6 
battery. The existing battery connector 
in the radio could then be plugged into 
a second connector, and the third 
connector plugged into the PP6 
battery. One contact clip of the second 
connector would be wired directly to . 

a corresponding contact clip on the 
third connector, whilst the remaining 
two contact clips would connect to 
the 2 -way flex going to the remote 
on -off switch. 

Now, the second battery connector 
had to provide the right polarity to 
the existing radio connector and 
the third battery connector had to 
provide the right polarity, by way 
of the remote switch, to the 
second connector. If the male contact 
clip of the third connector, which 
connects to the negative clip of the 
battery, were wired, either directly or 
via the remote switch, to the male 
contact clip of the second connector, 
the latter would then connect to the 
female contact clip of the radio con- 
nector. But the female clip of the radio 
connector is normally connected to 
the positive male clip of the battery. 
Similarly, if the female clip of the 
third connector, which connects to 
battery positive, were connected to the 
female clip of the second connector 
then this would connect to the male 
clip of the radio connector. But the 
male clip of the radio connector is 
intended to connect to the negative 
female battery clip. 

Evidently, a little thought was 
needed. The solution of course was to 
connect the male clip of the third 
connector directly to the female clip 
of the second connector, to connect 
the female clip of the third connector 
to one lead of the 2 -way flex and to 
connect the male clip of the second 
connector to the other lead of the 
2 -way flex. When the switch at the 
other end of the flex was closed it 
would then complete the circuit from 
the positive terminal of the battery 
to the radio, thereby turning it on. 

And so it transpired. The existing 
radio connector was clipped to the 
second connector and the third con- 
nector to the battery. The radio worked 
perfectly well with this arrangement 
and could be turned on and off 
satisfactorily at the remote switch. 
Of course, it would have alternatively 
been . possible to couple the radio 
connector to the third battery con- 
nector and connect the second battery 
connector to the battery. This time 
the remote switch would be in the 
negative side of the battery supply. 

Perhaps chicken sexing would be 
easier. 
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Essential 
for the 

Short Wave 
Enthusiast 
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* 8 MAPS 
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* POST OFFICE REGULATIONS 
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SIMPLE 
SHORT-WAVE 

RECEIVERS 

If you are interested in the hobby of receiver con- 
struction and short wave listening this is the book 
for you. It covers the whole field of s.w.l'ing from 
construction to operating - both Broadcast and Am- 
ateur bands. It explains how the circuits work, how 
to assemble the parts, how to wire -up the circuits 
with point-to-point wiring diagrams, step-by-step 
instructions and how to test and operate the com- 
pleted projects. 

by F. A. Baldwin 
* FOUR DESIGNS - 

1, 2 and 3 Valves 
* INTRODUCTION TO SHORT 

WAVE LISTENING - 
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* WORKSHOP PRACTICE 
* SOLDERING NOTES 
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POWER SUPPLIES 
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140 Pages 8Op P. Et P. 12p 

TO DATA PUBLICATIONS LTD 57 Maida Vale London W9 1SN 

Please supply copy(ies) of "Radio Amateur Operators Handbook", Data Book No. 6 

Please supply copy(ies) of "Simple Short Wave Receivers", Data Book No. 19 
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SMALL ADVERTISEMENTS 
Rate: 5p per word. Minimum charge 75p 

Box No. 10p extra. 

Advertisements must be prepaid and all copy must be 
received by the 4th of the month for insertion in the fol- 
lowing month's issue. The Publishers cannot be held 
liable in any way for printing errors or omissions, nor 
can they accept responsibility for the bona fides of 
Advertisers. (Replies to Box Numbers should be 
addressed to: Box No. -, Radio and Electronics Cons- 

tructor, 57 Maida Vale, London, W9 1 SN 

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. 

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. 

COLLECTORS: Dinky toys in fair condition, of approx. 1945 vintage. Offers? Box No. G267. 
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 buy all types of valves. Wholesalers, dealers, etc., stocks purchased. Cox Radio (Sussex) Ltd., The Parade, East Wittering, Sussex. Telephone: West Wittering 2023. 
FOR SALE: Half price, slightly used valves. QQVO3-10 90p, QQVO2-6 £1.25, 6AS6 50p, 5R4GY 50p. Postage included. Box No. G273. 

BURGLAR/FIRE ALARMS. Emergency lighting. Profes- sional and D.I.Y. equipment. Catalogue 25p. Castle Alarms, Box W06, Windsor, Berks. 
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. 

UNIQUE VHF KITS, 80-180MHz. Receiver, tuner converter. 
World wide sales. Send £5 or s.a.e. for literature. Johnsons 
Radio (C), Worcester, WR.13QQ. 

AERIAL BOOSTERS. Improve weak radio and television reception. Price £3.20. P. & P. 20p. S.A.E. for leaflets. BARGAIN PACK POLYESTER (C280) CAPACITORS. 250V/W and 400V/W. Very good" mixed selection from 0.01µF to 2.2µF. Price 100 £1, P. & P. 15p. (Our choice). VALVE BARGAINS, lop each, P. & P. 10p. ECC82, ECL80, EF80/183/184, PC86/88, PCF80/802, PCL82/84, PCL85/805 PL36/504, 30PLI4, PY33/81/800. COLOUR VALVES, 12p each, P. & P. IOp. PL508, PL509, PY500A. Lancashire Mail Order (R), 6 William Street, Stubbins, Ramsbottom, Bury, Lancs. 

FOR SALE: Partially completed model patrof launch. 42 inch overall. Fitted Taplin Twin I/C engine, and steering control for twin rudders. Ideal for R/C. S.A.E. for details and offers? Box No. G275. 

BENTLEY ACOUSTIC CORPORATION LTD. 
All prices inclusive of V.A.T. at 25% 

The Old Police Station, Gloucester Road, LITTLEHAMPTON Sussex. PHONE 6743 
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EL84 .36 

PCL805 .70 
PCL86 .55 

X41 1.00 
X66 1.46 5146 

6/301.2 
.55 
.80 

12AT6 .47 
12AU6 .53 

EAF42 .88 
EAF801 .80 

EL506 1.20 
EM80 .53 

PFL200 .82 
PL36 .70 

X76M .85 
Z759 5.85 6AH6 

6AQ5 
.80 
.53 

12AV6 .59 
12BA6 .53 

EB91 .23 
EBC41 .88 

EM81 .76 
EM83 .64 

PL81 .53 
PL82 .43 

AC165 .33 
AD140 .47 6AT6 

6AU6 
.53 
.40 

128E6 .59 
1213117 .59 

EBC81 .45 
88E80 .40 

EM84 .47 
EM87 1.10 

P1.83 .50 
P1,84 .50 

AD149 .64 
AD161 .59 

6AV6 
6BA6 

.53 

.41 
12BY7 .85 
12K5 1.17 

EBF83 .50 
EBF89 .40 

EYSI .50 
EY87/6 .40 

P1,504 .82 
PL508 1.10 

AD162 .59 
AF114 .33 

69E6 
6BH6 

.41 

.75 
19AQ5 .65 
20P4 1.17 

EC92 .55 
ECC33 2.00 

EY88 .60 
EZ40 .55 

PL509 1.65 
PY33/2 .50 

AF115 .20 
AF121 .39 

6836 
68Q7A 

.64 

.64 
30015 .80 
30C17 .85 

ECC35 2.00 
ECC40 1.20 

£141 .55 
EZ80 .35 

PY8I .40 
PY82 .40 

AF126 .23 
BC107 .16 

6BR7 
6BR8 

1.20 
1.25 

30F5 .75 
30FL1 1.10 

ECC8I .40 
ECC82 .39 

EZ8I .35 
GY501 .82 

PY83 .45 
PY88 .47 

BC108 .16 
BC109 .16 6BW6 

6BW7 
1.00 
.65 

30FL2 1.10 
30FL14 .82 

ECC83 .39 
ECC84 .40 

G132 .59 
GZ34 .80 

PY500 1.11 
PY800 .45 

BC113 .33 
BC118 .29 6BZ6 

6C4 
.57 
.47 

301.15 .82 
301.17 .76 

ECC85 .47 
ECC88 .55 

KTW61 
1,76 

PY801 .45 
PZ30 .50 

BCZII .49 
8F158 .23 

6C6 
6C9 

.47 
2.00 

30Pí2 .80 
30P19 .88 

ECC807 
1.41 

KTW62 
1.76 

QQV03/10 
2.10 

8F159 .33 
8F163 .26 6CL6 

6CU5 
.76 
.88 

30PL1 1.00 
30PL2 .80 

ECF80 .50 
ECF82 .50 

KTW63 
1.17 

R19 .75 
U25 .70 

8E180 .39 
BY100 .23 

6E5 
6F1 

1.17 
.80 

30PL131.20 
30PL141.29 

ECF86 .88 
ECF804 

KT66 2.93 
PABC80 

U26 65 
UI91 .50 

BY126 .20 
BYI27 .23 

6F6G 
6F18 

.60 

.64 
351.60T.88 
35W4 .60 

2.63 
ECH35 1.60 

.45 
PC86 .70 

U801 .80 
UABC80 

OAST .12 
0A95 .12 6F23 

6F28 
.80 
.78 

35Z4GT .82 
5085 1.00 

ECH42 .80 
ECH8I .40 

PC88 .70 
PC97 .42 

.47 
UAF42 .75 

0C23 .49 
0024 .49 

6H6GT 
6J5GT 

.29 
.53 

5005 .70 
501.6GT 

ECH83 .52 
ECH84 .50 

PC900 .30 
PCC84 .40 

UBC41 .60 
UBC81 .60 

0C25 .49 
OC44 .13 

636 
6K7G 

.35 

.35 
I.00 

85A2 .75 
ECL80 .50 
ECL82 .45 

PCC85 .50 
PCC88 .65 

UBF80 .47 
UBF89 .47 

0C45 .14 
0C46 .20 

6K8G 
6L6GT 

.53 

.68 
807 1.17 
5763 1.76 

ECL83 .82 
ECL86 .47 

PCC89 .50 
PCCI89 .60 

UC92 .60 
UCC84 .90 

OC70 .16 
OC71 .14 6Q7G 

6Q7GT 
.50 
.60 

ATP4 .50 
AZ31 .60 

EF22 1.00 
EF40 .88 

PCF80 .47 
PCF82 .50 

UCC85 .53 
UCF80 .90 

0072 .I4 
0074 .29 

6S07 
6537 

.32 

.64 
DAF9I .40 
DAF96 .60 

EF4I .82 
EF80 .30 

PCF84 .70 
PCF86 .50 

UCH42 .88 
UCH8I .47 

0075 .14 
0078 .20 6V6G 

6V6GT 
.30 
.53 

DF91 .30 
DF96 .65 

0F83 1.45 
EF85 .40 

PCF200 
1.00 

UCL82 .45 
UCL83 .64 

OC78D .20 
0081 .14 

6X4 
6X5GT 

.47 

.50 
DK91 .50 
DK92 1.15 

EF86 .50 
6089 15 

PCF20I 
1.05 

UF41 .82 
UF42 .82 

00810 .14 
0082 .14 7B6 

7Y4 
.88 
.80 

DK96 .70 
01.92 .47 

EF91 .50 
EF92 .60 

PCF801 .65 
PCF802 .50 

UF80 .41 
UF85 .52 

00820 .14 
0083 .26 907 

10FI 
.70 
.88 

DL96 .64 
DY87/6 .41 

EF98 .95 
0F183 .40 

PCF805 .85 
PCF806 .60 

UF89 .47 
UL4I .75 

0084 .31 
OC202 .55 

10F18 
IOPI3 

.60 

.88 
DY802 .47 
E88CC 1.20 

EF184 .40 PCH2001.00 UL84 .49 0C205 .55 

All goods are unused and boxed, and subject to the standard 90 -day 
guarantee. Terms of business: Cash or cheque with order only. Despatch 
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 56 extra per parcel. Please enclose 
S.A.E. with any enquiries. Many other types in stock. 

ENGINEERS 

YOURSELF FOR A 

BETTER JOB WITH MORE PAY! Do you want promotion, a better job,higher This helpful guide to sliooes9 should be read pay. "New Opportunities" shows you how to .by every ambitious get them through our low-cost home study Send for this het 76 page FREE book course. There are no books to buy and you now. No obligation and nobody will call on mn payer -you -learn. you, It could be the best thing you ever did OM to CUT OUT THIS COUPON ti - - - 
CHOOSE A IRANO NEW FUTUNE'HERE1 

Build -As -You- 
Computer Learn Li Electronics PRACTICAL 

RADIO AND 
ELECTRONICS 
(with kit) 

Computer 
Programming 

Colour TV 
Electrical Servicing 

Engineering C & G Radio, TV 
Electrical end Electronic 

Installations Mechanics 
and Wiring C General Radio 

Electrical and TV 
Draughtsman- Engineering 
ship 

Radio Servicing, Electrical Maintenance Mathematics and Repairs 
To ALDERMASTON COLLEGE, Dept'ERE 09.READING RG7 4PF 

Also at our London Advisory Office, 4 Fore Street 
-Avenue, Moorgate, London, EC2Y 5EJ Tel: 01-928 2721 

NAME (Block Capitals Please) 

ADDRESS 

POSTCODE 

Transistor 

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

Engineering Technology 
CITY & GUILDS 
Installations and 

Wiring 
CITY & GUILDS 
Electrical 

Technicians 
CITY & GUILDS 
Telecommunications 
Radio Amateurs' 

Exam etc. etc. 

&'A' LEVELS 

Coaching for many 
major examinations 

Other subjects Ape 
Accreditedb CA. C.C. ` Member of A.B.C.C. 
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THE MODERN BOOK CO 

SOLID STATE HOBBY CIRCUITS 
By RCA Price £1.25 

NEWNES RADIO ENGINEER'S POCKET BOOK 

by H. W. Moorshead PRICE £1.65 

ELECTRONICS AN ELEMENTARY INTRO. 
FOR BEGINNERS 
by L. W. Owers 
104 EASY PROJECTS FOR THE 
ELECTRONICS GADGETEER 
by R. M. Brown 
DIGITAL LOGIC BASIC THEORY 
by J. H. Smith 
TRANSISTOR POCKET BOOK 
by R. G. Hibberd 

PRICE £1.65 

PRICE £1.40 
Er PRACTICE 

PRICE £1.85 

PRICE £3.00 

BEGINNER'S GUIDE TO TRANSISTORS 
by J. A. Reddihough PRICE £2.00 

RAPID SERVICING OF 
TRANSISTOR EQUIPMENT 
by G. J. King PRICE £2.10 

MAKING ú REPAIRING TRANSISTOR RADIOS 
by W. Oliver PRICE £1.40 

PRINCIPLES OF TELEVISION RECEPTION 
by W. Wharton PRICE £1.85 

TRANSISTOR AUDIO £r RADIO CIRCUITS 
by Mullard PRICE £2.05 
PRINCIPLES OF TRANSISTOR CIRCUITS 
by S. W. Amos PRICE £3.45 
HI-FI FOR THE ENTHUSIAST 
by M. L. Gayford PRICE £5.25 
HOW TO BUILD SPEAKER ENCLOSURES 
by A. Badmaieff PRICE £2.50 
TEST EQUIPMENT FOR THE RADIO 
AMATEUR 
by H. L. Gibson PRICE £2.10 
INTEGRATED CIRCUITS (IC's) 
TRANSISTOR GADGETS CONSTRUCTION 
HANDBOOK 
by B. B. Babani PRICE 70p 
PRACTICAL ELECTRONICS SCIENCE 
PROJECTS 
by B. B. Babani PRICE 85p 
COLOUR T.V. WITH PARTICULAR 
REFERENCE TO THE PAL SYSTEM 
by G. N. Patchett PRICE £5.15 
ELECTRONIC ORGAN SERVICING GUIDE 
by R. G. Middleton PRICE £2.80 

ALL PRICES INCLUDE POSTAGE 

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

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

NEW STYLE SELF -BINDER 
for 

"Radio Et Electronics 

Constructor" 

Available only from:- 

PRICE 

£1.00 
including V.A.T. 

P. ft P. 20p 

The "CORDEX" Patent Self -Binding 

Case will keep your issues in mint 

condition. Copies can be inserted or 

removed with the greatest of ease. Rich 

maroon finish, gold lettering on spine. 

Specially constructed Binding Cords are made 

from Super Linen of great strength, very hard 

twisted and twice doubled. They are attached 
to strong RUSTLESS Springs 
under tension, and the method 
adopted ensures PERMANENT 
RESILIENCE of the Cords. Any 
slack that may develop is 

immediately compensated for 

and the Cords will always 
remain taut and strong. It is 

impossible to overstretch the 

springs, as a safety check 

device is fitted to each. 

Data Publications Ltd. 51 Maida Vale London W9 ISN 
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SMALL ADVERTISEMENTS 
(Continued from page 123) 

INDESIT AUTOMATIC WASHING MACHINE servicq 
manuals. (Do it yourself repairs). With faults & diagrams. 
Complete with spare parts order forms. £2.50. Cheque or 
P.O. Marchant, Domestic Services, Shotton, Clwyd, - N. Wales. 

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. 

WANTED: Prism type spectrometer, suitable demonstration 
purposes, school, etc. Must be cheap. Repairable instru- 
ment would be suitable. Box No. G277. 

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

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

COMPONENT CLEARANCE: AC128's, new, marked, 5p 
each. 0A81, brand new, 4p. Tested ex TV valves 12p each. 
20 assorted potentiometers 50p. S.A.E. for list. Box 
No. G279. 

LOUD 6V SIRENS. £1.20p, add 15p P. & P. BC108 12p, 
10 for 95p. Grimsby Electronics, 64 Tennyson Road, 
Cleethorpes, Humberside. List No. 10 8p. (Callers to 
Lambert Road, Saturdays only). 

WANTED: To purchase sheet music, light classical, musicals, 
etc. Box No. G280 

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

JOIN THE INTERNATIONAL S W. LEAGUE. Frei 
services to members including Q.S.L. Bureau, Amateur 
and Broadcast Translation, Technical and Identification 
Dept. - both Broadcast and Fixed Stations, DX Certifi- 
cates, contests and activities for the SWL and transmitting 
members. Monthly magazine, Monitor, containing articles 
of general interest to Broadcast and Amateur SWLs, 
Transmitter Section and League affairs, etc. League 
supplies such as badges, headed notepaper and 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 
Commonwealth), overseas $10.00 or £4.00. Secretary 
ISWL, 1 Grove Road, Lydney, Glos., GL15 5JE. 

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

TO CLEAR: Xtals 2306, 2381, 20091(Hz, r pin spacing, £1 
each. Sigma type 72A0Z, 160TG-TCP, polarised relays, 
octal base, £2. 24V d.c. miniature model motor 2" x 11" 
diam, I" shaft, £1. Cold cathode tube GC10B, £1. If" 
c.r.t. VLS492AG.F, £2. R.E.P. 3 -reed tuned relay, £2. 
Miniature R.E.P. R/C relay, £1. 2f" mic. insert 25p. 
Radiospares miniature output for personal receiver, 50p. 
Transformer 3.2ohm/600 ohm £1. Ditto 3000 ohm/600 
ohm, £1. Telford Communications 2M bandpass aerial 
filter, £3. TC7 Bandsearcher, £3. 7X electric torch map 
magnifier, £1. Box No. G283. 

(Continued on page 126) 
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PRECISION 
POLYCARBONATE CAPACITORS 

ALL HIGH STABILITY- EXTREMELY LOW LEAKAGE 
440V AC (+-10°%) 63V DC Range +-1 % +-2°% +-5% 0.1{1F (1 "x}") 51p 0.47pF 67p SOp 43p 
0.22pF (1 64p 1.0pF 82p 62p 52p 
0.25pF (1 "xi" 67p 2.2pF 96p 75p 61p 0.47pF 1 "xi" COp 4.7pF £1.62 £1.13 94p 
0.5pF 1 "x ") P7p 6.8pF £1.96 E1.38 E1.13 0.68pF 2"x") 93p 10.OpF £2.40 E1.95 E1.64 
1.011F 2"x}") E1.03 15.0pF £3.22 £2.79 £2.24 
2.OpF (2"x1") 01.44 22.OpF 04.28 E3.68 E3.08 
TANTALUM BEAD CAPACITORS - Values available: 0.1, 0.22, 0.47,1.0, 2.2, 4.7, 6.8pF at 15V/25V or 35V; 10.0pF at 16V/20V or 25V; 
22.011F at 6V/10V or 16V; 33.OpF at 6V or 10V; 47.011F at 3V or 6V; 
100.0pF at 3V. ALL AT 10p EACH;10 for 9Sp; 50 for £4.00. 
TRANSISTORS: 
SC107/8/9 9p BC183/183L 11p BF194 12p BFY51 20p 
BC114 12p BC184/184L 12p BF196 13p BFY52 20p 
BC147/8/9 10p BC212/212L 14p BF197 13p 0071 12p BC153/7/8 12p BC547 12p AF178 30p 2N3055 SOp BC182/182L 11p BC558A 12p 8FY50 20p 2N3702/411p 
1N914 6p; 8 for 45p; 18 for 90p. 1 N916 8p; 6 for 45p; 14 for 90p. 
1544 Sp; 11 for 59p; 24 for £1.00. IN4148 Sp; 6 for 279; 12 for 48p. 
LOW PRICE ZENER DIODES: 400m W ; Tol. +-5 °% at 5mA. Values 
available; 3V; 3.6V; 4.7V; 5.1V; 5.6V; 6.2V; 6.8V; 7.5V; 8.2V; 9.1V; 10V; 11V; 12V; 13V; 13.5V; 15V; 16V; 18V; 20V; 22V; 24V; 27V; 30V All at 7p each; 5 for 33p; 10 for 65p. SPECIAL: 100 Zeners for £6.00. 
RESISTORS: High stability low noise carbon film 5%, i W at 40°C; } W at 70°C. E12 series only - from 2.20 to 2.2M0 ALL AT 1 p EACH; 8p for 10 of any one value; 70p for 100 of any one value. SPECIAL PACK: 
10 of each value 2.20 to 2.2110 (730 resistors) E5.00. 
SILICON PLASTIC RECTIFIERS - 1.5 Amp - Brand new wire ended D027: 100 P.I.V. - 7p (4/26p); 400 P.I.V. - Op (4/30p). 
BRIDGE RECTIFIERS: 2+ Amp. 200V -40p; 350V - 4Sp; 600V - 55p. 
SUBMINIATURE VERTICAL PRESETS - 0.1W only: ALL AT Sp each; 500,1000, 2200, 4700, 6800 1 K, 2.2K, 4.7K, 6.8K, 10K, 15K, 22K, 47K, 100K, 250K, 680K, 1M, 2.5M, & 5M. 
PLEASE ADD 25% V.A.T. TO ORDERS. PLEASE ADD 15p POST AND PACKING ON ALL ORDERS BELOW ES.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 School, Edstaston, NR. WEM, Salop. 
Tel: WHIXALL (Salop) 4645 (STD 094872) (Props: Minicost Trading Ltd.) 

ENGINEERS 

YOURSELF FOR A 

BETTER JOB WITH MORE PAY! 
Do you want promotion, a better job, higher .1 his helpful guide to success should be read 
?ay? "New Opportunities" shows you how to by every ambitious engr. 
get them through our low-cost home study Send for this helpfur 76 page FREE book 
comae. 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. I» UNCUT OUT THIS COUPON NI - - - 

Ma CHOOSE A BRAND NEW FUTURE HERE! 

' ELECTRICAL 
'ENGINEERING 
City & Guilds 

Wiring& 
Install. 

C & G Elec. 
Tech - Prim. C 

Gen. Elec. Eng. 

AERONAUTICAL 
ENGINEERING 
Air Reg. Board 

Certificate 
rGen. Aero Eng. 

AUTO 
ENGINEERING 
C&GAmo Electronic Eng. Diploma 

Eng. Prot. E Mechanics [,i Welding j Gen. Building ' To ALDERMASTON COLLEGE, Dept. THE 09, READING RG7 4PF 
Also et our London Advisory Office, 4 Fore Street 
Avenue, Moorgate, London, EC2Y 5EJ Tel: 01-628 2721 

NAME (Sloth Capitals Please) 

ADDRESS 

C.E.I. (Part 11 
t ' 

Works Man. CII 
e. etc. I 

I 

1 

1 

G.C.E. - 58 '0' 
a 'A' feus] 
Subjects- over 
10.000 Group 

Peeses1 

1 

Tick or state subject of interest. Post to the address below. , 
Inst. Motor Ind.Li Gen. Radio & Maim. Eng. D Heat., Vent. & 
M.A.A./I.M.I. TV Eng. Gen. Diesel Air Con. 

Gen. Auto Eng Meint. & Joinery 
Man. Dip. LL,, Radio Serv., Eng. Carpentry& 

Auto Diesel Rep. Painting& Dec. . 
Main,. D Pract. Radio& DRAUGHTS - 

Mow, Mech. Elec.(with MANSHIP 
Service Station If -build kit'l Inst. of Eng. 

& Garage Radio Ants. D'men & 
Man. E Exam D Designers E 

TELECOM/AS. 
Electronic Eng. Gen. 

C & G D'mansnip 
Telecomms. LI REFRIGERATOR Architectural 

SERVICING D'manship 
RADIO 6 
ELECTRONICS 

MECHANICAL CONSTRUCTION Colour Tv 
Servicing ENGINEERING a BUILDING 

C &G Radio, Son. of Eng. L Inst. of Build. 
TV and General Mech. Clerk of Works Coaching for 

aim'° 
Otis. 

TRE 09 
I 

POSTCODE 
Other subjects Age' 

Accredited by C.A.C.C. Member of A.B.C.C. 
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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. 
HOWTO 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 
colour 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 rind 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. 20p. 
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. 

lTHE BARGAIN BOOK GAZETTE. Contains thousands of interesting new and out 
of print books at bargain prices. Subjects 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). 

CLEARANCE BARGAINS 
SPECIAL OFFER - Metal lised Polyester Capacitors by Erie, Mullard, 
etc. Values include 01/160V, 01/250V, 015/160V, 022/160V 
.033/160V, 047/160V, .068/160V, 1/160-250V, 22/160V, etc. This is 

a bargain not to be missed, 100 for E2.00. 

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 E1.88. 

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, 

DEVON 

MORSE EASY BY THE RHYTHM METHOD ! 
FACT NOT FICTION. If you start RIGHT you will be reading 
amateur and commercial Morse within a month. (Normal progress 
to be expected.) 
Using scientifically prepared 3 -speed records you automatically 
learn 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 E4-95 
including P.P.I. etc. (overseas surface mail E1 extra.) 

For further details of course Ring 01-660 2896 or send large S.A.E. 
for explanatory booklet to: -S. BENNETT, G3HSC 

(Box 38) 45 GREEN LANE, PURLEY, SURREY 

SMALL ADVERTISEMENTS 
(Continued from page 1 25) 

EXCHANGE: Crofton CCTV modules 1-2-3, lens control, 
panel, base, coils, manual, cost £30, for air pistol/rifle. 
Altree, Winsford House, Halwill, Seaworthy, Devon. 

FOR SALE: Lafayette model HA -63A general coverage 
receiver, with preselector & L.S. £35. Box No. G284. 

COLLECTION OF STAMPS. IGY, railway centenary and 
similar. Cat. value £150. Offers or w.h,y.? Box No. G285. 

WANTED: Marine type chronometer and sextant. Box No. 
G286. 

POSTAL ADVERTISING? This is the Holborn Service: 
Mailing lists, addressing, enclosing, wrapping, facsimile 
letters, automatic typing, copy service, campaign planning. 
design and artwork, printing and stationery. Please ask 
for price list. - The Holborn Direct Mail Company 
Capacity House, 2-6 Rothsay Street, Tower :Bridge Road 
London, S.E.1. Telephone: 01-407 1495 - 

FOR SALE: Barely used ex -electronics Club: Trio 9R59DS 
£30; Tech. 3" Oscilloscope £30; Tech. RF and AF genera- 
tors, £10 each; or £70 the lit. Carriage forward. Layzell, 
Botton Village, Danby, Whitby. Yorkshire. 

WANTED: A gauge O model loco, preferably steam. 
Box No. G287. 

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

RADIO & ELECTRONICS CONSTRUCTOR. Due to loss 
in warehouse fire, we require copies of the June and July 
1973 issues. Cover price paid, remittance by return. Send 
to Data Publications Ltd., 57 Maida Vale, London W9 
1 SN. 

FOR SALE: Cossor 1049 Mk. 4 double beam scope, £20. 
Marconi - Signal generator TF801 IOMc/s-310Mc/s, £25. 
Audio generator TF195J 0/12kc/s, £7. Advance Signal 
generator E2 100kc/s-100Mc/s, £25. Audio generator 
JI 15c/s-50kc/s, £15. Avo 7, £10. Multiminor, £7. All in 
working order with handbooks. Carriage extra. S.A.E. for 
enquiries please. Box (Middx.) No. G289. 

WANTED: Volume No. 24 Radio & Electronics Constructor 
(Bound) wanted by private collector. Also interested in 
buying other magazines, especially American ones. 
Preferably complete years. Not necessarily bound. Write 
first giving details and prices to Box No. G290. 

FREQUENCY LIST TRANSFERS. We nave 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 32Mc/s at every 500kc/s points. Each frequency is 
repeated. Two sheets for 5p., five sheets for l0p., postage 
4p. Data Publications Ltd., 57 Maida Vale, London. 
W9 1 SN. 

PERSONAL 
JANE SCOTT FOR GENUINE FRIENDS. Introductions 

to opposite sex with sincerity and thoughtfulness. Details 
free. Stamp to: Jane Scott, 3/Con North St. Quadrant, 
Brighton, Sussex, BN1 3GJ. 

(Continued on page 1 27) 
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SMALL ADVERTISEMENTS 
(Continued from page 126) 

ESSEX GARDENERS. Buy your Bedding and rock plants, 
shrubs, etc., also cacti from May's Nurseries, 608 Rayleigh 
Road, Hutton, Brentwood, Essex. Callers only. Monday 
to Saturday. 410. 

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 being 
given by volunteers. Already supported by Industry and 
Commerce in Norfolk. Recreational. Educational. You 
can be involved. Write to: NAS Secretary. The Manse, 
Back Lane, Wvmondham, Norfolk. 

ARE YOU ADVENTUROUS? 1f so, you can make exciting 
new friends. Write: S.I.M. Computer Dating, (REC/3), 
109 Queens Road. Reading, Berks. 

YOUNG MAN DISABLED needs work at home. Electronic/ 
wire assembly. Would collect and deliver. Mr. B. Grimes, 
Llainwen, Glanrhyd, Cardigan, Wales, SA43 3PE 

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, Nor- 
wich, NOR 85S. 

Give for 
those 

who Gave 15th to 20th Sept. 1975 

WHY NOT MAKE YOUR OWN TEST LEADS-ITS MUCH CHEAPER USING 
OUR WIRE 

5 feet of each red and black 14/.0076 PVC wire extra thick insulation .170 dia. 
£0.35 inclusive of VAT 

Pack of 10 BC108 NPN transistors TO18 .. £1.00 each inclusive of VAT 
NE 555 Timers i/c 8 pin dil .. .. .. £0.60 each inclusive of VAT 
741 op amp i/c 8 pin dil .. .. .. .. £0.30 each inclusive of VAT 
Post free this month on above items. Terms cheque or P/O with order (crossed). 

10p stamp for list or free with order if requested. Mail order only. 
ATLANTA E.S.P. LTD. (RfrEC 1) 

10 DRYDEN CHAMBERS, 119 OXFORD STREET, LONDON. W1 R 1PA 

SOCKETrSETS 
£ó.99p+p35p' 

V Rr+°ra. 
+Illwee., 

U 

rtTrT'T. t 
Construction and repairs 
made easy with this ä" 
sq. drive high quality 
steel socket set. Bright 
chrome plated parts, 

strong metal box with snap catches. 
39 piece (as illus.) with 11 AF,11 M M 811 BA sockets. Reversible 
ratchet, 2 extensions, sliding T -bar, flexible handle, tommy bar. 

17 piece in plastic box with either 11 AF, 11 M M or 11 BA 

sockets, same accessories as 39 piece £4.49 p&p 35p. (State 

AF, MM or BA when ordering). 
SILHILL PRODUCTS Dept. RECB 

226 Mary Street, Birmingham B12 9RJ. Tel. 021-440 3600 

I 

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 Issue) 

REVOR OPTICAL & 
TECHNICAL 

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

£6.00 
POST 
FREE 

r 

00 00 0 0 

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

WAA 

Brochure, without obligation to: 

BRITISH NATIONAL RADIO 
& ELECTRONICS SCHOOL, Dept 

P.O.Box 156, Jersey, Channel Islands. 

RECR 9/76 

NAME 

ADDRESS (Block cam please) 
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PLAIN -BACKED 
NEW STYLE SELF -BINDERS 

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

PRICE 951 
including V.A.T. 

Available only from:- 

P. ft P. 20p 

for your other magazines 
(max. format 72" x 9+") 

COLOURS: MAROON OR GREEN 
(If choice not stated, colour available will be sent) 

Data Publications Ltd, 57 Maida Vale London W9 1SN 

DB5 

DB6 

DB16 

DB17 

DB18 

DB19 

DATA BOOK SERIES 
TV FAULT FINDING 
132 pages. Price 90p, P. & P. 12p 

RADIO AMATEUR OPERATOR'S HANDBOOK 
88 pages. Price 70p, P. & P. lop 

RADIO CONTROL FOR MODELS 
Now out of print 
UNDERSTANDING TELEVISION 
512 pages. Revised edition available September 

AUDIO AMPLIFIERS 
128 pages. Price 53p, P. & P. 12p 

SIMPLE SHORT WAVE RECEIVERS 
140 pages. Price 80p, P. &. P. 12p 

I enclose Postal Order/Cheque for in payment for 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 

Postal Orders should be crossed and made payable to Data Publications Ltd 

Overseas customers please pay by International Money Order. 

All -publications are obtainable 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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SPECIAL 
PRE -PUBLICATION 

OFFER 
Paperback edition 

(Published price £3.35) £ 2 . 65 
Hardback edition 

(Published price £6.90) £ 5.25 - Save £1.65 

Both prices include P. Er P. 

THIS OFFER ENDS ON THE 30th SEPTEMBER 

- Save 70p 

The great practical value of inte- 
grated circuits is now fully estab- 
lished in the design of electronic 
circuits and systems. However, it 
has only been in recent times fol- 
lowing the general acceptance of 
the first linear integrated circuits- 
operation amplifiers-that manu- 
facturers have turned their efforts 
to a wider range of linear inte- 
grated circuits. 
This book is concerned with these 
newer circuits now available which 
find their main use in signal 
measurement and processing 
systems. 
A practical approach is emphasised 
throughout and the reader is en- 
couraged to try out the devices for 
himself. 
In this book the applications of 
operational amplifiers as measure - 

LINEAR 
INTEGRATED 
n CIRCUIT 

A ' ATIONS 

GEORGE B. CLAYTON 

Published by Macmillan 

ment amplifiers and the use of 
operational amplifiers in active 
filter circuits are dealt with. Sub- 
sequent chapters are concerned 
with the more recently introduced 
linear integrated circuits, mono- 
lithic integrated circuit modulators, 
four quadrant multipliers, timers, 
waveform generators and phase 
locked loops. 
Numerical exercises are included at 
the end of each chapter. The book 
should prove useful to both the 
practising experimental scientist 
and the undergraduate student in 
scientific or engineering disciplines. 
The practical approach which it 
adopts should serve as a balance 
to the rather intensive theoretical 
treatment given in many under- 
graduate courses in electronic 
engineering. 

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

Please send to me when published in October copy/ies of 
LINEAR INTEGRATED CIRCUIT APPLICATIONS 

Paperback edition 
Hardback edition (Please tick required edition.) 

I enclose Postal Order/Cheque for 

Name: 

Address: 

(Block letters please) 

www.americanradiohistory.com


