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Thereare195 & -
other good reasons for buying
AMTRON electronic kits

Apart from the five items musical instruments, amateur which appeals to dabbler and
shown above, there are and radio control expert alike.
another 195 kits to choose transmitters and receivers, Only 1st class fully
from in the vast AMTRON battery chargers, electronic guaranteed components are
range of electronic kits. car accessories, psychedelic used — solder is included with
A few examples of equip- lighting equipment, measuring  every Kit.
ment you can construct instruments, tuners, receivers, Prices range from £1.10 to
from AMTRON kits are: I.C. digital equipment. £80 and each kit is sold in a
Power supplies, preamplifiers, The unique gquality of protective blister pack con-
amplifiers, accessories for AMTRON kits is their taining complete instructions.

simplicity of construction

THE BIG NAME IN
ELECTRONIC KITS.
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AMTRON U.K. 48& 7 CASTLE STREET, HASTINGS, SUSSEX. TEL: HASTINGS 2875




Bl'FnE'PAK
SUPPLIERS OF SEMI-CONDUCTORS TO THE WORLD

COMPLETE TELEPHONES
FRE %\EAI.OGUE

= EX. G.P.O. NORMAL OVER

S : J HOUSEHOLD TYPE
R ,
POST & PACKING 45p EACH 9 ) J DIODES,
TELEPHONE DIALS TRANSISTORS IN STOCK INTEGRATED
Standard Post Office type. We hold a very large range of fully marked, CIRCUITS,

FULL PRE-PAK
LISTS

tested  and  guaranteed  transistors, power
transistors, diodes and  rectifiers at  very
competitive  prices. Please send for free
catalogue.

SILICON PLANAR PLASTIC
TRANSISTORS

Unmarked, untested,-factory clearance. A random
sampling showed these to be of remarkably
high quality.

Audio  PNP, similar to 2ZTX500, 2N3702/3,
BCY70 etc.

Audio NPN, similar to ZTX300, 2N37089,
BC107/8'9, BC168/9 etc.

Plezse state Audio NPN or Audio PNP when
ordering.

ALL AT 500 for £3.30, 1,000 for £5.50, 10,000 for £44
P. & P. 11p/1,000

OUR VERY POPULAR 4p TRANSISTORS

TYPE A" PNP Silicon alloy, TO-S can.
TYPE 8" PNP SHicon, plastic encapsutation,

Guaranteed In working order.

ONLY 27}p

POST & PACKING 164p

ESTED AND GUARANTEED PAKS
A
I

899 9 Mbxed Capacitors. Approx. 559

uantity, counted by weight
% & P15p

H4 250 Mixed Résistors. Approx. 55p

;uantplt); 54;0unred by weight
& P
HT 40 Wirewound Resistors, Mixed 55p

types and values,

H9 2 OCP71 Light Senshtive 55p

Photo Transistor

PLASTIC POWER
TRANSISTORS

NOW IN TWO RANGES

There are 40W and 90W Silicon Plastic Power
Transistors of the very latest design. available In
NPN or PNP at the most shatteringly low prices of
all time. We have been selling these successfully tn
quantity to all parts of the world and we are proud to
offer them under our Tested and Guaranteed terms.
Range 1. VCE. Min. 15 HFE Min 15,

1-12 13-25  26-50

o ‘ 0 Wate 2p  0p  18p
TYPE “E” PNP Germantum AF or AF.
n OC200/172/3 PNP Silicon 90 Watt Wp Wp  1p
R e 55p Iy NPN Silicon plastic encapsulation. Range 2 VCE Min 40, HFE Mio 40.

G NPN Silicon simifar ZTX 300 range
TYPE “H” PNP Silicon similar ZTX 500 range

RELAYS FOR  g™m A4
VARIOUS TYPES .

P&P2yp

H30 1 Watt Zener Diades,
B 20 Mlx:\;tVoletr;egfes A3V - 559
H3¥ Mixed Diodes. Germ. Gold
100 bol:;ed. 'eou.ek-ri;’: an: 55p
Unmarked.
H33 30 Short lead Transistors, NPN 55p

Silicon Planar types.

112 1325 26-50
40 Wart 33p ip 29p
90 Wart p bip 33p
Complementary pairs matched for gain at 3 amps.
11p extra per pair. Please state NPN or PNP on order.

INTEGRATED CIRCUITS
We stock a large range of 1.C.s at very competitive

Our famous Pl Pak is still

H9 Integrated Circults. 4 Gates B Lo ) L rices (from 11p each). These are all listed In our
6 pEuess Flip Flops BMC 945 55p leading in value for money. FREE Cacalogue, < coupon beow
H40 2 BFYS0/2, 2N#96, 2N1613 . METRICATION CHARTS now available
0 NPN Silicon uncoded TO-§ 55_P Full of Short Lead Semiconductors and sl Minmaet vty Mieailon| onnyee ey ) o
Hé1 2 St Power cransistors 55 Electronic Components, approx. 170. We carries thousands of classified refercnces between
comp pair BD131/132 p guarantee at least 30 really high quallty metric and British (and U.S.A} measurements of
) h, . volume, liquid . weights etc,
UNMARKED UNTESTED PAKS factory marked Transistors PNP & NPN, Poer ;,r::&‘, SEEs sl LSS vl Chare 18p
81 B Germanium Transiscors 55 and a host of Diodes & Rectifiers mounted
PNP, AF and RF p LOW COST DUAL IN LINE 1.C, SOCKETS

on Printed Circuit Panels. Identification
Chart supplied to give some Information
on the Transistors.

Please ask for Pak P.1. Only 55p

14 pin type at 16{p cach
16 pin type at 18p each

Bé6 150 Germanium Diodes 55p

Min. glass type
88l Trans. manufacturers’ rejects
200 all types NPM, PNP, Sil. and 559

}Naw new low profile type

BOOKS

— MpP&P his Pak We have a large selection of Reference and Technical
® - [ on this Pak. Books in stock.
Ly 100 plliconiDiodesIBO-7iglass t - These are just two of our popular lines
equiv. to OA200, OA202 J P
B36 Sil. Cmin. B.P.1. Transistor Equivalents and
100 Boiodiis. 55 A CROSS HATCH GENERATOR T e may o of B
- s Includes many thousands ol ritis!
Hé 40 250mW. Zener Diodes 55? 0 H 6 US.A.. European yand C.V. cquivalents.
7 DO-7Min. Giass Type FOR£3.85!!1 . ) :
Hi5 Top Hat Silicon Rectifiers,  BE o % The tliffe Radio Valve & Transistor H
30 756mA. Mixed volee T 55p YES, a complete kit of parts including Printed Data Book 9ch Edition: p. & p. 234p. 5p

Characteristics of 3,000 valves and tubes,
4500 Transistors, Diodes, Rectifiers and
integrated Creuits.

Circuit Board. A four position switch gives X-hatch,
Dots, Vertical or Horizontal lines. Integrated Circult
design for easy construction and reliability. This

‘H1é Experi ' Pak of
15 In):;;;:::;(é:tul:s. ?)au 55p

supplied q f
feres 20 2 Siicor Stud Rectifers ﬁ ¥a|s val vp;o]ect in the September 1972 edition of Send for hsts nfprbhmuonx
mixed volts p chvision, N.B. Books are void of V.A.T,

H20 BY126/7 Type Sliicon Rectifiers
20 1 amp plastic. Mixed volts. 55p
HE” ’ig “Pawer Transistors, PNF, Germ. 5
NPN Siiicon TO-3 Can, 55p

Thiz :anjlete kit of parts costs £3.85,
| post paid.

A MUST for Colour T.V. Alignment.

lease send me the FREE Bi-Pre-Pak Cotalogue
ELECTRONIC TRANSISTOR IGNITION o B Gy
Now in kit form, we offer this “up 10 the minute™ etectronic
ignition system. Simple to make, full instructions supplied
with these outstanding features:-
Transistor and conventional switchability, burglar proof
lock up and gutomatic alarm. negative and positive com-
patability. This project was a “star”” feature in the September
edition of “Electronics Today International” magazine.
Oue kit is rec by the ETI
Complete kit including p. & p. £7.92.
Ready built and tested unit £3.02 extre

SEmmmmimmy
|

MAKE A REV COUNTER
FOR YOUR CAR

The °‘TACHO BLOCK'. This
encapsulated block will turn any
O-1mA meter Into a ltnear and
accurate rev. counter for any
car  with normal coll Ignition
system.

£1.10 each

ADDRESS

All prices include 10% V.A.T.

MINIMUM ORDER 50p. CASH WITH ORDER
PLEASE. Add 11p post and packing per order.
OVERSEAS ADD EXTRA FOR POSTAGE

‘auv THESE GOODS \Amwosss l
L1 1 1 I 1 i
l an l TD DEPT. C, 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX, SSO SDF
. TELEPHONE: SOUTHEND (0702) 46344
Co. Regd. No. 820919
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DENCO (CLACTON) LIMITED
355-7-9 OLD ROAD, CLACTON-ON-SEA, ESSEX

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

Our General Catalogue showing full product range e 20p
DTB4 Transistor & Valve circuitry for D.P. Coils » 20p
DTB9 Valve Type Coil Pack Application circuitry A 20p
MD.1 Decoder Circuitry for Stereo Reception v 21p

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

LATEST
BOUND VOLUME
No. 26

of
“Rudio & Electronics

Constructor”
FOR YOUR LIBRARY

7 AUGUST 1972

Comprising

792 pages to JULY 1973

plus index pBICE EZ.IU p&p 30[!
BOUND VOLUME No. 24 (August 1970 to July 1971) Limited number of these
BOUND VOLUME No. 25 (August 1971 to July 1972) volumes still available.

PRICES £2.00 per Volume P & P 30p.

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

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W9 1SN
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TWIN POWER SUPPLY PANELS (Semi-stabilised)
Contains 2 x Texas 1B10J10 Silicon Bridge Rectifiers, 100 P.I.V.
AT1A; 1 x Mullard OAZ225 Zener Diode 7.5V AT 10W; 1 x |.T.T.
Zener Diode 5.1V AT 1W, 5 x Texas 1S121 Silicon Diodes-150
P.ILV. AT 200 M/A; Electrolytic Capacitors 2 x Plessey, 1000uF
25V; 2 x 50pF 50V; 2 x Mullard 250pF 25V; 2 x Mullard 640uF
25V. Circuit details supplied. A very definite bargain £1. Post 10p.

SOKSOL DE-SOLDER KIT
Includes 20 ft. special copper braid, chemical solution and
instructions. £1. Post 15p.

PLUG-IN CRYSTALS
CONTROL
26.985 MHz and 27.025 MHz, 70p each. Post paid
G.P.O. TELEPHONE HAND-SETS, 60p Post 15p

SUBMINIATURE FOR RADIO

DELCO-REMY 12 volt CAR-HORN RELAYS 50p. Post Paid

AMERICAN DYNAMOTOR ROTARY TRANSFORMERS
Input 27 volts D.C. Output 285V D.C. at 75 M/A €1, Post 30p.

CAPACITORS Tubular Ceramic Discs, Polystyrene S/Mica
Valuesin PF:-5,-8,1-2,1-5,1-8,2,2:4,3,3-3,36,4,4:7,5,56, 6,
8,9,10,11,12,13,15,16,18, 20, 21, 22, 23, 24, 27,30, 32,33, 39,
47,50, 68,75, 82, 91,100, 120,121, 130, 150, 180, 200, 215, 220,
240, 250, 270, 300, 330, 350, 360, 390, 470, 500, 560, 680, 700,
725, 750, 820, 1000, 1500, 2000, 2200, 2500, 2700, 3300, 3900,
4000, 4700, 5000, 6500, 10,000. ALL AT 3p each.

uF/V -001/500 5p, -001/1000 6p, -0015/600 AC 6p, -002/350
3p, -0022/1000 6p, -003/150 3p, -003/1500 7p, -0047/1500 7p,
-0068/1000 6p, -0068/1500 7p, -01/500 3p, -01/750 65p,
:01/1000 6p, -015/400 3p, -015/500 5p, -018/125 3p, -02/350
350 3p, -02/1000 6p, -022/400 3p, -027/63 3p, -03/350 3p,
-03/1000 6p, -033/400 3p, -033/1000 6p, -033/1500 7p,
-047/250 3p, -047/400 3p, -047/600 4p, -047/750 5p, -047/1000
6p, -05/200 3p, -05/500 4p, -05/500 5p, -05/600 6p, -05/1000
6p, -056/450 AC 6p, -068/250 3p, -068/400 4p, -068/600 5p,
-068/750 6p, -068/1000 7p, -098/150 4p, -1/250 3p, -1/250 AC
4p, -1/300 AC 4p, -1/1000 6p, -1/1250 7p, -12/600 6p, -12/1000
7p, -13/200 3p, -13/400 4p, -15/400 5p, -16/200 3p, -2/350 4p,
-2/1250 7p, -22/400 4p, -25/200 3p, -25/250 3p, -25/400 5p,
-25/500 6p, -33/100 3p, -33/750 7p, -3312/500 6p, -47/250 4p,
-5/300 AC 8p, -6/400 AC 12p, -65/350 5p, 1/150 6p, 1/350 7p.
1/600 10p, 2:2/100 15p, 2:5/200 15p.

ELECTROLYTIC CAPACITORS pF/V
1/60, 1.6/25, 2/150, 2/350, 3/150, 4/15, 4/300, 5/25, 8/50,
8/150, 8/275, 10/12, 10/50, 12.5/25, 15/9, 16/85, 16/300
25/25, 25/60, 50/15, 60/10, 75/15, 100/18, 100/25, 120/75,
125/15, 150/16, 200/10, 250/12, 300/10, 300/12, 500/12,
ali at 5p each.
250uF 25V, 450/35, 500/25, ail at 7p each.
8/350, 16/350, 20/450, 32/350, 32/450, 80/300, 80/450,
100/350, 100/450, 500/50, 1000/16, all at 15p each.
500/100, 1000/25, 1250/25, 2200/25, all at 20p each.
1000/50, 1500/50, 2000/35, 4500/25, 5000/25, 6000/30,
8000/30, 10,000/15, 10,000/25, 12500/35, 13500/38, ali at
35p each.
2000/50, 2000/70, 2500/70, 4500/64, 5000/50, 10,000/50,
12500/50, 50p each.
2000/100, 5000/70,
50,000/15, 60p each.
8 +16/450,16 +16/350,32 +16/350, 32 +32/275, 32 +32/350
40 +40/250, 40 +60/275, 50 +20/150, 50 +50/300, 20p sach.

25,000/25, 33,000/25, 45,000/12,

16 +16/500, 100 +100/385, 500-+500/50, 1000 +1000/40,
2000 +2000/12, 30p each.
60 +100/275, 60 +250/275, 60 +250/350, 100 +200/275,

100 + 200/350, 100 +400/275, 200 + 300/350, 50p.

16 +16 +8/350,16 +16 +16/300, 20 +20 + 20/450,32 +16 +
8/350, 32+16/275+25/25, 40 +20+10/450, 80 +40 +20/
150, 35p each.

60 + 50 +50/350, 60 + 250 + 10/300, 100 +-50 + 50/350, 100 +
50 +150/350, 100 + 100 +47/320, 100 + 100 + 200/275, 100 +
400 +16/275, 120 +10+4/400, 125 +300 +100/275, 150 +
200 +250/300, 100+ 300 +100 +16/275, 130 +60 +10 +10
350, 200+100+10+10/300, 200 +100 +50 + 2/300, 200

200 +-100 +32/275, 60p each.

SPECIAL OFFER - WIRE-ENDED METALLISED FILM
CAPACITORS FOR LOUDSPEAKER.CROSS-OVER
SYSTEMS
2.2uF, 63V 15p; 4pF, 63V 20p; 6uF, 63V 20p; 8uF, 63V 25p.

10uF, 63V 25p. All post paid.

SUPPRESSOR CAPACITORS
Round .005 +.0Q5pF, 250V A.C., 11p; Tubular .1 +.005 +
.005uF. 250V A.C., 15p; .14 +.02 +.02pF, 250V A.C., 20p;
.2+4.02 +.02 pf, 250V A.C, 20p.

PAPER/BLOCK/MOTQOR - START CAPACITORS
1uF 350V A.C, 30p; 1.5puF 300 V.RM.S., 40p; 2puF 2500V
£1.75; 3uF 100V A.C. Polyester, 30p; 3.5uF 250V A.C., 35p;
4uF 250V A.C.,40p; 5uF 440 V.R.M.S,£1.60; 6uF 440V.R.M .S,
£1.50; 68ufF 250V Polyester, 35p; 8uf 300V A.C. £1.50:
10pF 250 V.R.M.S., £1.50; 15uF 2.5KV Photoflash, £3.50;
20uF 275 V.R.M.S., £1.20; 2000uF 275V Photoflash, £1.50.

SPECIAL OFFER ERIE DISC CERAMIC CAPACITORS
.01uF 500 Vpits, 10 off 20p, 100 off £1, 500 off £4, 1,000 off £6.

SPECIAL OFFER - CAR-RADIO SUPPRESSORS
.5uF 150V, 15p; 1uF 150V, 15p

VISCONOL EHT CAPACITORS
.001uF, 20KV, 50p; .01pF 5KV, 40p; .01uF 10KV, 50p:
02yF 5KV, 40p

PLESSEY VIBRATORS TYPE 1214, 50p
G.P.O. type 3000 Relays, 1 ohm to 100,000 ohms, various
contacts. Made up to your exact requirements.

BRAND NEW POTENTIOMETERS with insulated spindie.
LOG 5k, 10k, 25k, 50k, 100k, 250k, 500k, TMEG, 2MEG.

LINEAR 1k, 5k, 10k, 25k, 50k, 100k, 250k, 500k, 1 MEG, 2 MEG
Ail at 12p each. 100 for £9.50.

GANGED POTENTIOMETERS with metal spindle.
LINEAR or LOG b5k -5k, 10k +10k, 25k + 25k, 50k +50k,
100k +100k, 250k +250k, 500k +500k, 1 MEG +1 MEG,
2 MEG +2 MEG. Ali at 38p each. 100 up 30p each.

SPECIAL OFFERS: ARROW TOGGLE SWITCHES, SURFACE
MOUNTING 250 volts, 10 amp, ideal for Battery Chargers etc.
25p each.

TUNING CAPACITORS 208 +176 50p.

PHILIPS AM/FM GEARED 50p.

PLESSEY 1 AMP WIRE-ENDED TV CHOKES 3p.

LORLIN ROTARY SWITCHES with sprung nylon locator, 1 pole
12 way, 2 pole 6 way, 3 pole 4 way, 4 pole 3 way. All at 21p each.

SILICON DIODES IN4148 5p.
SILICON RECTIFIERS 1 AMP

TYPE P.LV. TYPE P.LV.

IN 4001 50 5p IN 4005 600 7%p
IN 4002 100 5ip IN 4006 800 9p
IN 4003 200 6p IN 4007 1000 10p

IN 4004 400 6ip
SPECIAL BULK PRICES ON ALL ABOVE.

Regret no lists. Add 10 % V.A.T. to all orders Callers please ‘phone
Tirst.,

INTRODUCTION OF NEW SERVICE TO READERS: If you have any difficulty in obtaining any of the following please get
in touch with us. Transistors, I.C’s, Diodes, Veroboard, Metal Cases, Skeleton Pre-sets and all R.S. components.
May wa suggest that you send the standard price of goods and where possible we will arrange to pick up goods from

distributors and despatch the same day.

ELEKON ENTERPRISES
224a ST. PAUL'S ROAD, HIGHBURY CORNER

LONDON, N.1 -

Telephone 01-359 4224
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THIS IS THE FIRST PAGE

OF THE GREAT BI-PAK SECTION

BRAND NEW FULLY GUARANTEED DEVICES

Type Pricc  Type Pnc- Type Price Price Typa Pric
Al & BCI30 0.20 RO 0.55 0.63 ’\Jllil 0.13
ADIGZ(VP) 0.61 BCI81 022 BD132 0.66 0.56 [ K3
ADTLO 035 2 019  HDII3 0.72 0.39 013
AR 027 03l BDUAS 0.44 0.39 0.19
AFELS 0.27 033 1BDI3G 0.44 0.39 0.19
AFLIG 0.27 [T 0.5 J \Il‘l nu 0.24 0.19
7117 THETS 055  BFind MPFIuG 0.22 019
LRI X BEF104 0oCc19 022 019
BEIH 0.24 0.19
0.22 0.19
022 0.19
0.19 018
0.16 0.19
0.16 0.13
0.27 0.60
0.27 0.33
0.52 0.35
0.23 0.4
0.23 0.75
0.23 0.55
0.19 0.46
0.23 0.46
0.23 0.61
0.23 0.77
0.17 0.86
RDION 0,20 0.86.
BOIHY 0.22 0.88
B2 0.24 0.62
BI20G 0.18 0.46
BRIzt 0.16 0.46
Bhor 016 0.62
Hizun 0.14 077
BDYz20 012 077
BET5 0.1 0.7
BFIIT 0,11 077
BETIN ehn BT 0.46
HELID 0.77 G 0.44
0.16 4002 9.50
0.19
051 2N (A7)
DIODES AND RECTIFIERS
009 BYIX 017 OAT 0.08
0.08 BY 13U 0.18 0ATe 0.08
000 RBYI33 023 OABI 0.08
0.10 5 0AS5 0.10
0.11 0.07
ORI 0.1] 0.07
OR e 0.23 0.08
IR 0.24 0.07
o 0.16 0.08
"2 0.13 \l)lil 0.06
[ ]3] SD1g 0.08
o.15 IN 0.08
0.16 0.08
047 0.06
0.13 0.06
0.19 0.08
0.13 0.11
\I \l 1wy 0.13 ] .. 6.07
BD! [} MATHI 0.18  DAju 0.15
ADt62 037 BCHY Bbi24 BIIN 033 MAT20 017 0A4T 0.08

LINEAR 1.C’s—FULL SPEC. DTL 930 SERIES

Caw LOGIC 1.C’s - o
i By ; o 74 S T.T.L. I.C
DIL 14 035 013 o.14 0.13 4 eries s T S
B:t “ g-:z 0.16 0.15 0.t4
. 0.16 0.15 604 ) Qu i e Quantitios Type
fos 8 045 0.16 015 0.14 }mf'-, '*l.... Y 25 =
: 017 018 018 017
5 017 0.18 0.18 0.17
017 @16 018 017
017 018 03 029
[T B STt 032 029
017 016 0.39
034 0.31
2 - - 034 031
To-5 4 0.28 R 0.45 0.43 0.40 019 018
e Fus 8 035 BT 0.45 0.43 0.40 0.19
Al 05 v 045 HET 0.45 0.43 0.40 017

LA (N £2.00

0.27
034
0.31
0.44
0.44
.17
0.53
0.53
0.53
0.46
0.46
0.53
017
0.46
053
0.84
0.68
0.17
0.71
031
£1.15
£1.15
£1.95
£115
£1 07
£1.407

NUMERICAL
INDICATOR TUBES
ypi Dexeription
WUGE  Mittron 7 Seginer
fulicat

MAN3M L.

Negment Display - -
123 Ngh Clarmerers £1.90 § 3 TERMINAL POSITIVE VOLTAGE
CD@ i Viewimg Nisie Ty REGULATORS
I £187 apsidlation 01 1.5 Aunigm
GR 116 h'\ \|r\uug Niai Ty wATME OV (Eaaiv. 0 MVROY £1.76
Tube 13 mim £01.70 | wATBIZ 12V (Fouiv. to MVRIZV) €196

£1 95
£1.93 .
£3.00 £4, 75 £4.50
£3.00 £4.73 £4.50

RTL MICROLOGIC CIRCUITS DUAL IN LINE SOUKETS

Price each 14 & M Lead Sockets for nse wirth DUAL
Epoxy TO-5 cune 1-24  25-99 Jwbup | IN-LINE 14 TWO  Rag PROFES
39p  36p 30p SIONAL and NEW LW COXT
3%p  36p  30p | INOI4 H4pintype 033 030 0.27
uL92 hy 355 52p  S0p | rsons 16 pin G 035 035 032
Dnle lnd Cirewts Booklet for 1875, Price 7p. | BPSI4 14 ga

£1.30 DEV I(‘h\ M \\ I(I'. MINED
| 3L

043  TOQL.
£1.40 l)l'.\NTl I'Y PRICE. (TTL 74

1EN OUNLY) DATA 158

£1.45 \I(ll\ RIEN OF LC's IN
£2.30 TN D”UH.\I ERICF. 38p.

0.16 0.14 0.2

Ve
BISIG 36 pin type
comt)

I 0.17 013 0.13 0.17
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NOW - TURN OVER FOR MORE FANTASTIC OFFERS

IN COMPONENTS AND AUDIO!

mmw NEW  TENAS QUALITY TESTED SEMICONDUECTORS )
Shsedont i , KING OF THE PAKS Unequalied Value and Quality
v .
0 N Redd spait it
gL e e SUPER PAKS NEW,BI-PAK UNTESTED
Q3 U SEMICONDUCTORS
g4 e D043 45 81BLD
22 5
ok Sutisfuetion GUARANTEED in Every Ik, or money back
Qs 3 eh gain
0 g Pak No Deseription Price
[
lf IRI Ui s Nub-Min. Genera) 1% ecmanivun Diod 055
) 1 Ql 127 128 tary pairs P U2 WM s Tran AFIRE 055
Il 83p cueh v-" ;{(7«0;: 1;:\]3272;.\;“ o ! :"55 75 Qermaninm Goll Bomird Sub-Miu. like OA5, 0847 0.55
AIL asabl: devices no npen | Q13 AFITT et 0.55 R OBl 2C18 =
or shart cireaits ALSO [ W3 OCUTEILE 1y o UES O 2wy Sl Min. Silicas 0.55
ND 120 NIXIE DRIVER AVAILABLE m PNT Sin Q RS Sl U s Gl Tlunar Trans ) P54, 2NT 0.55
“TOR ) to ING, BOYT0 When 1 N . : il. Rovtiliess TOP-HAT 78mA VLTG. RANGE up to 1000 0.35
. QI8 Pas mo Germ
replacsten Tor ordering please state pre . - & - o
€307, 2N [RU3 fopenee NN ar PN - . o.§5 uvs N Dinsdes 1607 Class 250mA 0A200/202 0.55
B e S R UG Bw el i s
3 1 - " For Q g B 055 U1 VY50 churge storage Disdes DO.T Gla 0.55
0.17 0.18 & For 3 5 st - s
o Far QIR A MADTS 2. M3 I & IXMAT Tl 25 PNPSIL Planar Toans, TO5 like 2N 1132, 2N2m04 0.55
o) For 0.55 > Siliesm Rectitiors Iipaxy S0mA up ta ¥0 PIV 0.55
1) Fun 8 1 i b 3 PNPNIN Sl Transstars Q0200 & 28 104 0.55
S taoe wnitalle  for Q22 20 NKT frunsistars A} 0.55 t 541 Mixel § ) Y Diodes 0.55
PE Ormon, Mol Tieds W20 OAH2 =i 0.55 NIN N Pla w. T0.5 lke BEYSE, 2X697 0.55
Fapt. ZUN3M 3ip ch o 0.55 ooy
Aoy Qty 15 N84 Sediwon sliowdes 7301 A 055 v il up to 100011 0.55
SIL. (.1, DIODES £p Q2 K OARS e i v 1 1N AF Transistors TO-5 like ACY 17-22 0.55
Hm 30 055 - 5 A " . 214 Ty e 9 v
T o res | 1N | ) 0.55 8K AwpSitien Rectifers BYZLS Type up w0 600 PT 0.55
GP 100 T03 METAL N I - T e " Al SR R g =
g 3 ) . 1.5 ion R Top H CTTRUNY .
CANE GERMAXIUM Tosted Lo 890 | )0y et 055 t 5 b Top Hat o PV 0.55
Vibo ROV Ve N Qi 4 R ¢ \E (G Tty Transistors 20300 Series & ©OCTH 0.55
1t 0 wnpe, P Nrith 2Nl 0.55 30 MADTY like MHz Neries NP Tranmstors 0.55
W R -l Wi = G =T 0L, A iors GIN Series up 10 300 PIV 0.55
Heplam 0.55 4 s A e '
R 2400 TO3 NPN Qi it INTOR 5 25 00MHz NPX Silicon Tranisors 2N708, B8Y27 0.55
tl‘;ll_fr':‘(\éﬂl " 0.55 4 b Vit i ki INDI4 Miera=Min 0.55
TR T (o 2 I “'h_' iRt s 2 Cierman Ab sintrrs TO-1 Tike ACI2T 0.50
oo e e TS = W il T ! .55 Mg SUR' TO5 can gt 00 1Y CRSH ¥ 115
rl " \:Iu.:\\ e yp M o7 N i~ 2N Ui ar T 055
53iHz MMz (oo | 0.55 I )
g o - Te 5 = L o U Pl Plaxtie N1 0.55
0.55 0.50 0.44 g 0.55 1 7 Dandes s\ DU-T case 3- 18 valts mixe 0.55
e B U8 plastic W0z apn 055 30 fie Pase 1 A ieon Rowt N 4N Series 0.55
Wy A i 0.55 M 30 NI ws PO HOY 20 2830274 0.55
Q3% g | 055 13 6 Silia lanar Ui PXIT0-18 2N 2008 0.55
ADIGI 162 XY 36 23 Silicon Planar NPX Transistors TO.5 BEY50/31/52 0.55
N 5, 1 oor M PCOMPGERN m\\-, iz B Nilean Alloy Fran A S-2 PN OC200, gs;izz 0.55
RIY 20 OUR Lo PRIC U3% 20 Fast Switehine Stlean Trane NPN €03z 283011 0.55
! 25 I 8Ly PER PLTH U R U39 30 RE Germ §N12 Teansstors 2N 1308,5 T0O5 0.55
0.55 0.53 -0.51 MK . - gl ; g [ Daal “Transistors 6 lead 1495 2N 2040 .55
£ Frigue und Wa sln 1 Ul 25 Geemaainm Transistars TO-5, 0045 NKTT2 0.55
By of Tuaerd Cirenrte. Renetane wlf 1 1 10 VRE Gor P Trunastors T NKTGET, AFLIT 0.55
PRICES ar Ay v r o o, 3 ..
NEW 7th EDITION AL PRICES ¥ W . Lia i R B o2
] < e, i 5 . 44 Sk, Tran I 15 8
TRANSISTOR  EQUIVA- SHOWN ¥y AL S : ¢ ‘ 5 " HASCRLTOG WP LIo
LENTS HOOK. A compilt i o \ T ' e E
orime refirvaie . ory st Ni )
lents bk o VAT 46 : ux ] he type of devioe in
American and  Jupanes v ench £3.68 i ot i narked
Pennmistine, Exelusive to B|
1AK 90p vacl

sueos rwoo Teaszexsewones | NEWLOWPRICEDTESTEDS.CR's SILICON RECTIFIERS

SISTOR. (018 lens i EIETITIANY In
A LARGE RANGE OF NIN Nine a0 Biv. 25 an T & 9,(\ 12,
TECHNICAL AND DATA e BRAND NEW  ial \”\l Top-1l ) uny PIV 34 50 5% A LA 16A IV dedmA 750mA JA 154 3A 10A 30A
BOOKS ARE NOW AVAIL sl Fylly gnara V. INp en W O5TOBETUMITOS TOIN. TOI T8 DO7 \om IMastie S018 S010 8010 TO48
ABLE EX. STOCK. SEND tewd Qo 124 2508 LK g, st | o H'H 0 J‘l llﬁ’ 655 088 £l s 1 “‘:(; U?ﬂ 3:: gé‘; gg{;
FOR FREE LIST. g g E | tiwh ¥ wH3 Teny 15 m: 0l . .75
! eegidel 20 Fav. azp 200 37 032 C 5( 0.5 U V67 1} (L] 0 007 012 022 025 £1.00
3 " 032 042 059 ul” 067 83 097 Ky 08wl 008 015 030 038 £1.35
INTEGRATED CIRCUIT PARS G 4 4 5 084 £1.07 Va7 (0 o 17 0t w18 036 045 £1.90
Manfacturens “Fall Outx i neticnal wnd Part Eunés i L1 i (R4 ORE 000 €132 £1.60 440 | K0 2 A o i
3 3 el b . * t f v ) g
clamtl ux outotmpec (rom the mokers v id sprificati ¢ un - i 4 o ?».;I; Ol

about 1LE % uned experimengal work

POST OFFICE ‘. 0

Pak No. Coments  Price  [P'ak No. Contents Price  I'ak No. Conteats Price | TELEPHONE ot ‘“1: ,:’N ﬁp FOR nesn\l\'{}ﬁl TRIACS T\w;l‘g‘s
Uleoo 12 7am 0.5 T gz [} RIALS Sup guch 3 30y MPFIU5 41p [BRID (D32) 4lp each WOV 2000 4060V
Ciem .55 1t " 0.53 INBRZY Blp SIRRLE REaet
U 0.55 e 4 0.55 2 Amp 033 058 077
Ui 055 Ui 4 055 muml M CELLS FREE 10 ump POTTEI Gamp 055 066 0.8
Uit 0.55 ey 403 12 48p One 50p Pak of your own | BRIDGE RECTIFIER |y Amp 0.83 0.98 121
[ 0.35 [N A R1%30, nm'vu 44p vuch  choive  free  with  orders on heat siak.
Uiewi 0.53 LUIBE G e valued £4 or over. 100PIV. 99p each

0.35 UICiH 5 . 7490

0.55 VIETo0 5 +34 100

g.g: : 18 il et ° All prices gquoted :a new pence Giro No. 388-700b

. I

g‘s‘., IRIQET Y 2"3"55 Please send all orders direct to warehouse and despatch depariment

.55 [NIGAT) )

0.55 vl i ; S

0.55 vl 4har 1'|5 .‘}A" Pk

oo POWER  NPN

0.55 UICXT 25 wl 53p EACH
Uias 0.55 4w 163
Eakn vannot he xpliv, it 25 aseasrteed pirces (e is) is ; as PAK UIC X1
2 Anlp nkll)l E RECTS! 'DIggd NPN BILICON B1E 19/20 TO3 NI'N PLASTIC SILICON
50 4 1t p ruch SIS Vehoo IOV, Veen 50V LC 10 am FLots -4y

ap e = e 0073 STHy T BIP 1920 Yaeled P P O BOX 6 WA RE . HERTS

W00 ¢ I Stp 1f Ly + 1 25 o . . 4
Sme 16 mm x 16 mn. 028 0.26 023 038 0.35 0.32 0.66 06I lo5s

Postaye and paching ada 10p.Overseas add eatra for airmasl
Minimum order SUp Cash with order pledse

Guaranteed Satisfaction or Money Back
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EX-COMPUTER
BOARDS
frars. livades paciteas an
NTVALLE €150,
4 lor ONLY 33p +p&pr
PLUS Power T
ONLY 33p cucli =
STABILISED POWER MODULES

il agranm et
a9p cuch +pkp |

PAXOLINE BOARDN ) apprs
+ L 30p
FIBRE-GLASS PRINTED
CIRCUIT BOARDS

24

Iaekeed with ar
VMPPON

Fesiktons

SPECIAL

Aw ol

gy

Y <47 appr - B5p

DECON-DALO 33pC Marker

Eiteh tomistiss toal cireiit marker en 8t eacl
VEROBOARDS
Mbaining apy Sb sty s varios sizes,

tric. 33p
REPANCO CHOKES & COILS

REF Choles CHI M o23p CHE Bomk 25
1t Ho23p  CHI Lokl 25p

LmH 28p
t 36p. DRR2 [nal range 43p

COIL FORMERS & CORES

NORMAN | Cunvs el Framers W
# ton o *p
SWITCHES
v 250 st R i8p
FUSES
1 (L UTA WS (LIRSS TR

\ 152
QIICR-BLOW $p cach ANTTESERUE §p o

- iy, "

£1.60

3-WAY STEREQ HEADPHONE
JUNCTION BOX
Him: €147
2-WAY CROSSOVER NETWORK

Kaw7 R0 admn Tige bresent Wil £1.21

CAR STEREOQ SPEAKERS

Bib HI-FI ACCESSORIES

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

Rel 34 Revonl Sty anivg Kit 28p
el 43 Revad Czee Kt 12.35

Cusate: W 54p
R Tapee e K1 £1.54
N Wire st yippes x3p

ANTEX SOLDERING IRONS

A2 o £1.93 CUN 290 L3 wan £2.15
Ml (8 wnrt £205  SK2Noldering bt £2.86
STANDR

K £1.21 &1 77p
SOLDER

IBNWG 2 H2p SWG 7 oz 82p
INSWG 22 28 22SWE Tube 22p

ANTEX BITS AND ELEMENTS
BITS oo
1 ¥

ECEN T
[DAN 24

£L.10
£116

LOOK FOR OUR AUDIO
AND ELECTRONIC
COMPONENT
ADVERTISEMENTS IN
‘PRACTICAL
ELECTRONICS’

ALL PRICES SHOWN
INCLUDE V.A.T.

NEW COMPONENT PAK

Aaielod) E3.K5p or BARGAINS
Pack
BL-PAR CATALOGUE AND LINTR Yo i Price
SEND N.AE.AND 1oy C1oan om e
055
INSTRUMENT CASES i w N oy
w0 i, 1]
0,55
07d) sl g
0.55
‘ o nserteal Fervite Roe 055
« MW LW ANE 055
[ I Pae M0 metres o bed
« 055
2 meetions, Bluch Vinget wveren 1, sicle I 0.55
anel tn ‘ Vi 0.55
X ol Wil o it Aswtend Pote 058
e ", r 1 Tuck
1 e o z Nt 0.55
2 40 Paper 4onden
e tined . 0.55
ALUMINIUM BOXES G el e T .55
T R T
i Ll Nute Bults, ot 053
SRR Y (5 U Mo Togehe Xoeftihom, 2
X l. X .55
By ot [ 20 Nreortesd Tag Niripm & Lancks 0.53
S F s 3 CIT 10 Ameatind Comtenl Ko .53
x x 2 CIN 4 Rty Wav witches 0133
8 S 193 Helnys 0V O rabing 0.55
xoA €20 4 ShevteCogpe apioen
g 1 0.5
L Dl sebl 150 fuont sl punehing [
i wit leeps T ¥ Trther T o )
Il gy prstng parking o earl fon

VISIT OUR COM

OPEN: MON-THURS 9.15-6pm
SHOPPING UNTIL 7pm

202

PONENT SHOP

18 BALDOCK ST, WARE, HERTS. (A.10)

SAT 9.15-5.30 LATE NIGHT

CARBON POTENTIOMETERS

FRIDAYS. Tel 61593

La Lin 47K, WK, 22K 47K, 100K 220K
0K 1ML 2N
VEL N b S iteh 0.14
VE2 Nigehe 0.1 Switel 0.26
VO3 Tan Lovw Nwiteh 0.44
VG LR Lin laws Swited 014
VOB OO L amisla
HORIZONTAL CARBON
PRESETS
walt 0.06
Lo, 220, e LK ThLKL 22K 4T
QIO (T NERI .7

]
e re—
Ref. 1 Hi- I3 Cleaner MHp
Ref. 320 Stxlnx Babaue £1.36
Ref 4 Tapes W 51p
Rel. 1 Caseerte € £1.27
Ref 36 Hi-Fi 5t i azp
SOCKETS
I35 DIN 2 P (Speaker) 0.06"
PS36 DIN 3 1in 0.10
PS37 DIN S Fin 180 .10
PRIR DIN 5 Pia 240 0.10
N Jack 2.5unn Switehed 0.08
st ek » Switched 0.10
1544 <witehl 0.17
254, ek Nterrea Suitehed 0.26
[} Syt 0.06
U848 Phono Dbl 0.10
PR43 €ar Acrind 0.09
PS4 Co-Asial Surfae 0.08
PR4T CooAnid Flush 0.14
INLINE SOCKETS
'Szl DIN [Npwakur 013
0.17
017
017
0.10
1t 0.12
0.24
0.28
022
w 0.32
N Pl Nenened 014
1 ar Aerin 0.15
B (o Avia (XY
PLUGS
PREDIN 2 Pin Npeada o1l
S22 BIN G P 012
N3 DIN G M 015
IS 5 DIN 5 Vin bso 0.1¢
I'N 5 BIN G in 40 0.15
S0 NG 0.15
PXTODING 015
(] S Sererusd 0.10
IS 4 ik 33mm Plast 0.09
s i Neroeiad 012
PR ack 7 Plast 013
PRI2 daek 17 Nereened 018
PRI Jack Nteveo Nervemsd 0.29
N4 o 0.06
IS15 Car Aerial 0.15
PRI A 0.10
CABLLES
1 Ninghe lapped ~er 0.06
e omman Sereen 0.08
2 Ntee Seevened 0.08
P4 Fonr Core 1 Neren 0.23
V5 Fow Cane iy Sevened 0.30
€18 Mieroplone Fully Braided Cabde 0.10
r Fhres core il 07
PN T al mains cabl 0.08
[SLETRET 2 0.04
CRI0 Low Loms Co-Axia) 0.10

BOOK BARGAIN BUNDLE

8 Books comprising

2 Tranwixtor Equivalent Books,

! Rudio & Flectronic Colour Code & Data Chart.
t Radio Valve Guide PLUS

3 other Commtructional books on Receivers, ¥M
Tunees ete

Also | Generat Constructional hook.

Value £3. Qur price £2,

BPL  Handbook of Tranuistor Equivalents
aml Nubatitnles 0p
B2 Handbouk of Radic T.\'. and
Industrind Tube & Valve Kquiva H0p
BP3  Handhook nf Tested Treusistor
Cirevits 40p
B heteraatiinal  Handlook  of 1he
World's Short Wave. Medium and
Long Wave Radio Stations and
FM/TY Listings, 3sp
BP5  Hundbouk of Simple Transistor
Circuits 35p
BPT  Ralio & Eleeironic Colour Codes
& Data Chait 15p
BPS  Sound & Loudspeaker Manual 50p
BPY 38 Practical losted Diade Circuits
for the Honie Cotstructor 35p
BPIN Praetical Transivor Novelty
Ciremits +0p
128 Universal Geam.Motor Speed
Indieator 8
Ik How o make FM & TV Aerial
Bands 1,2 & 3 18p
141 Radio Servieing for Anateurs 2
146 High Pidelity Loudspesker
Envlosures p
15%  Transistor Ciremts Manuai No. 1 15p
160 Coil Design & Coustruction Manual 30p
(L} Ratdio, TV & Eleetronie= Data Book 25p
176 Fraasister Cirenits lor Radio
Cantradied Models 40p
174 Trunsistur Snbiiniature Receivers azp
175 Trunststur Test Equipment and
Scrvicing Manual 25p
136 Transistor Audio Amplitier Manual 40p
71 Muodem Trawsistor Cireuits  for
Bogitmers w0p
178 Comprehensive  Radin  Valve
ride, Book 5 30p
183 How Rewedve tareign TV Pro-
ramnws on your wet by simple
modikhications 32
185 Fested Sl wave Regeiver Circuits
wsing MA 30p
187 The TSL Mark ‘4° Valved FM Tuner
and its coust ruetion 20p
198 Reactance:Froqueney Chart for
Andio & RF use 15p
Rewistor Colonr Codr: Dise Caleuator  10p
CARTRIDGES
ACOS GP9] 18C 20mV at 1.2einafsec £1.16
GP93 1 280m\V at lem/sec £1.65
GPYs 1 100mV at lemjsee £2,85
TEC 2005 Crystal i Outpu 25p
J-20 10C Crystal;Hi Output
Compatible £1.10
J-200CS  Sterro/Hi Output £1,60
J-2005  Ceramin Med Ontput £1.64
CARBON FILM RESISTORS
The E12 Runge of Carbon Film Rewistors, jth watt

avaflable in PARS of 50 pieces, assorted into the
futlowing gronps

KU 30 Mixed 100ohms  ~ 8200hms 10p
R2 5 Mixed IKohuw - §2Kohms 10p
R3 50 Mixed 10Kohms - 82Kohms 10p
R4 50 Mixed 1IOKoluns  Megohin 40p
THExE ARE UNBEATABLE PRICES - LESS
THAX Ip EACH INC. VAT
BI-PAK SUPERIOR QUALITY
LOW-NOISE CASSETTES

(e 32p €90 41p Cl2v 52p

RADIO & ELECTRONICS CONSTRUCTOR



AL10 AL20 AL30
AUDIO AMPLIFIER MODULES

The AL,
in thelr
i

AL20 and AL3D wnits are similar in theit appearunce and
weneral specitication, However. carefui scleetion of the plastic
wer deviees has resnlted inu range of antput powers fron 3 to
10 watts RM.S.

The versatility of their design makew them ideal for
use in record players, tape recorders, stereo amphtiers and
cussette aml eartridge tape players in the zar and at hoe

PARAMETER COXDITIONS PERFORMANCE
HARMONIC IISTORTION Po=3 WATFS | NHx )28
LOAD IMPEDANCE K- 164
INBUT EMPEDANCE [ERENI) I Kt
FREQUENCY RESPONSE 23 dB 2WATTS B Hz - 20 Kilz
s VIVITY for RATED 01 Vm 23V R 8OT TKH. v RMS
DIMENSIONS 24" x|
The whove tahle reluten to the ALIG AL20 and AL30 modules
The fatlowiug tal it i tlifferences i their working conditioos.
PARAMETER ALK AL20 AL3Y
Maximum Suppiy Voltuge 5 30
Kower antpnt lor 2% T.H.1. 3 watis O watts W watts

(RI. ®uf 1 KHy RMN Min RS M KM Vi
AUDIO AMPLIFIER MODULES PRE-AMPLIFIERS

0 Watt 2 Un Lln & AL £4.35
::_ 5 Wit U with AL & ALS0) £13.15
AL 10 Wutts
POWER SUPPLIES TRANSFORMERS
BNIE (U with ALLO & Al20g sap D461 (U with ALLY pdp §3p £1.38
SPMMY (Use with AL30 & ALS £3.23 TA38 (U with AL203 p&p 15p £1.83

BMTHO (Usacwith AL30 & ALBO) pay 25 £215

FRONT PANELS ra iz with kuobs £1.00
PA 12. PRE-AMPLIFIER SPECIFICATION
Phe PAZ preampliter han been desined to nintedl into mos
Duadget sterea westrms. [ is computible with the AL, AL20
ALY nudio pawer amplitice and it ean: b sagiplicd fram their Froa g T
wwncelated power mpplies. There e o stero inpits, on las be & oK 1z (38
doxigned for e with “Cromic cartrllges while the auxiliary input Basee cvnttral
will wuit most P agnetic curtridges. Full dletaibe ape given in the £1908 at oHz

speeitication table, The fonr enntrols are, trom &t to vight : Valun
aid on/otl switel, halunee. buss and vreble, Size 182mm x84
35mm lapt |
pwrdunce | Moy
Seusitivaty 300 m\
g

Lngedaigee 30K ohins
Sensitivity 4w

Teelde eantral
idlBat 14 KHz

EA1000 AUDIO AMP MODULE

Mortule Teated mid Guarantecd .
Full hok-up diagenms and coraps hnient data supplicd
free with eneh module or wsnifntde separately at (op cach

SPECIAL OFFER £2

The STEREO 20

The ‘Sterea 20" amplifier s mounted, ready wired and tested
on a one-plece chassls measuring 20 cm x 14 ¢cm x 5.5 ¢m
This compact unit comes complete with on/off switch, volume
control. balance, bass and treble controls. Transformer,
Power 1upply and Power Amps. Attractlvely printed front
panel and matching control knobs. The 'Stereo 20' has been
deslgned o fit Into most turntable plinths without interfering
with the mechanism or, alternatively, into a separate cabine.
Output power 20w ;eak Input 1 (er)) 300mV lnto 1M
Freq. res. 25Hz-28kMz Input 2 (Aux.) 4 mV into 30K
Harmonic distortion Bass control 312bB at 60 Hz
typically 0.25% at 1 wate Treble con. £14bB at 14 kHz

NOVEMBLER {973

BI-PAK QUALITY GOMES TO AUDIO!

BI-PAK DO IT AGAIN/

50ka 25w (RMS)
0.1% DISTORTION
HI-FI AUDIO AMPLIFIER

THE AL50

 Frequencyresponsel5Hz
to 100,000 - 1dB.

% Load - 3, 4, 8 or 16 ohms.

% Distortion - better than
.1% at 1KHz.

* Signal to noise ratio
80

ONLY
£3.58 each

* Supply voltage 10
- 35 Volts.

% Overallsize63mm
x 105mm x 13mm.

Tailor made to the most stringent specifications using top quality

components and incorporating the latest solid state circuitry and

ALSO was conceived to fill the need for all your A.F. amplifica-
tion needs. FULLY BUILT - TESTED - GUARANTEED.

STABILISED
POWER

.

AP80 is especially designed to power 2 of the ALSO
Amplifiers, up to 15 watt ﬂrm) per cl . simul-

taneously. This module embodies the latest
and circuit hni i short
rotection. With the addition of the Mains Trans
), the unit will provide autputs of up to 1-8 ampe

at 35 volts. 8i x 105mm x A0mm.

These units enable you to build Audio Systams of the highest
qualit; a hitherto unobtainable price. ideal for many oﬁhtrbﬂmnupm includ-
ing: Si-:o Systems, Public Address, :Intercom Units etc. Handl available 10p.
PRICE £3.25

TRANSFORMER BMT80 £2.15 p. & p. 25p.
STEREO PRE-AMPLIFIER, TYPE PA100

Built to a specification and NOT a E:i.cv. and yet still the greatest value on the market,
the PA100 stereo pr lifisr has o d from the latest circuit techniques.
Designed for use with the AL30 power amplifier system, thia quality made unit incorporates
50 less than eight silicon planar transistors, two of these are specially selectsd low noise
NPN devices for use in the input stages.
Thres awitched stereo inputs, and rumble and scratch flters are features of the PA100,
which also has a B’IEREO/HONO switch, volume, balance and continuously variable
bass and treble controls.
SPECIFICATION

Response

rtion

better than 0.1
1.26 mV into 50}
35 mV iato 50KN
Al input vel  for of 50V, Tape and P.U. inputs
input voltages are for an output . Tape .U. inpul
-qunlindp:lo RIAA curve within + 1dB, from 20Hs to 0KHs.
Base Control + 15dB @ 20Hs Treble Control +15dB @ 0KHa
Filtars: Rumble (High Pass) 100Hs=

) Scratch Pass) SKHa
Signal/Noise Ratio better than — 68dB

Input overload + 36dB 8u + 38 volts @ F0mA
Dimenasions 2mm xm‘xaﬂi &

e £13.15
SPECIAL COMPLETE
3 ALS0's, 1 SPM80, 1 Bxul;‘nc?::rlnpssg onLy £25.30 russ pa&p

All prices quoted 3 new pence Giro Nv. J88-7006
Please send all orders direct to warehouse and despatchdepartment

uen
Harmonic

P.O. BOX 6, WARE - HERTS

Postaspe and pachkiny ado 100 Overseas add extra for airmaid
Minsmum order SUp Cash welh order please

Guaranteed Satisfaction or Money Back

203



COMPONENTS

HOBBYIST - AMATEUR - DOMESTIC SURPLUS - INDUSTRIAL -

BULK OFFERS

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

MAINS POWER SUPPLY UNIT. 400m/A, 6-7.5-9-12 VOLT MADE TO SELL AT £5.25 OUR PRICE £3.50

TO3 Mica Washer 2p
. . VAL.VE . FASES 3” Standard Tape -
Chassis or printed circuit B9A — B7G 3p Boxed 15p
Chassis UX7 - UX5 —B9G 3p GP91-1 Cartridge
Shrouded chassis B7G - B9A .. 4p turnover stylii '65p
B8A chassis . ~ Sp GC10/48B Cold
Cathode £5.00
TAG STRIP WRIST COMPASS | Brand New Boxed
6 way 2p Single 1p 20p with Needle Lock | 6K7G 25p
4 glass fuses— 250 m/a or 3 amp (box of 12) 6p
3 tape spools . 4p
FX2236 Ferrox Cores . 5p
PVC or metal clip on M.E.S. buib holder 3p
All metal equipment Phono plug 2p
Bulgin, 5mm Jack plug and switched socket (pair) 20p
12 volt solenoid and plunger 25p
250 RPM 50 c/s locked frequency miniature mams motor 50p
200 OHM coil, 24" long, holiow centre . 10p
Reiay, P.O. 3000 type, 1,000 OHM coil, 4 pole c/o 60p
R.S. 12 way standard plug and sheil 50p
SWITCHES RESISTORS
Pole Way Type 111 watt 1p
4 2 Sub. Min. Siide 10p [T 5.2 14p
6 2 Slide 15p Upto 10 watt wire 8p
4 2 Lever Slide 10p Tont e (i
6 4 | wound 10p
4
3 g Wafer Rotary 12p each SKELETON
2 5 PRESETS
K K 3
1 3 + off Sub. min. edge  10p e SO0 7
1 3 13 amp smaill rotary 12p SAFETY PINS
2 2 Locking with 2 to 3 kz}llsso Standard size, 10for 4p
2 i 2 Amp 250V A.C. rotary Z.Op WIREWOUND POTS
1 2 Toggle 10p [ 250, 300 OHM, 1K, 4

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

3lb. for 75p + 25p post and packing
7ib. for £1.50 4 40p post and packing

SUBMIN VERTICAL SKELETON PRESET
100, 220, 470, 680 OHM 1, 2.2, 4.7, 6.8,
10, 15, 22, 47, 68, 100, 220 K OHM.
ONLY 11p EACH
KNOBS

SILVER METAL PUSH ON WITH POINTER, OR
WHITE PLASTIC, GRUB SCREW, WITH
POINTER AND SILVER CENTRE Sp EACH.

ZM1162A INDICATOR TUBE
0-9 Inline End View. Rectangular Envelope.170V
25M/A £1.70

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

10K, 20K, 50K,
10p each

watt,
all at

5K switched volume
control 16p
5K Log Pot 10p
1meg Tandem Pot 15p

THERMISTORS
VA1040
VA1055
VA1066
VA1077
VA1100

10p each

STEEL BOX
LID
10 x 54 x 3” grey
hammer finish

WITH

£1

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

THE RADIO SHACK

161 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11

Open 10 a.m till 7 p.m. Monday to Saturday
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Phone 01-223 5016

ELECTROLYTICS Muilard C426, TCC, CRL,
CCL, Cullins, Hunts, STC Subminiature, etc.
MFD/VOLT 2p 400/40, 100/250-275.
100/6,6/3,8/6,200/3, | bp 8/50, 8/20, 8/40,

25/3. 2.5/64, 12/50, 12/20,
3p 25/6.4, 500/6, | 10/20, 16/50, 16/40,
250/8. 25/25, 50/25, 150/12,
4p 20/12, 100/25, 150/25,260/12.

100/12, 100/15, | 6p 250/18, 400/16;

64/10, 125/10, 50/50,
50/10, 100/18, 6/25,

250/30,550/12.
50p 8/800, 12,000/12.

4/15, 2/350. 20p 100-100/150,

9p 8/500, 100/200. | 100-100/275.
INDICATORS

Arcolectric green, takes M.E.S. bulb 10p

Buigin D676 red, takes M.E.S. bulb 15p

12 voltred, small pushfit 15p

Mains neon, amber, green orred, pushfit 15p

CAPACITORS
Mixed type PFDS, 2p. 3.3, 4.7, 10, 16, 18, 22,
24, 25, 27, 30, 37, 39, 50, 56, 68, 88, 100, 110,
150, 200, 220, 250, 270, 300, 350, 470, 500, 600,
680, 800, 1000, 2200, 3000, 3300, 5000.
Poly, met., film, paper, etc. MFD/Volt, 3p.
.001/1250, .03/350, .022/70, .03/12, .033/100,
.0068/70, .056/350, .061/350, .069/350, .075/
350, .08/350, .1/350, .1/500, .13/350, .25/150.
4p. 1500, 1800, 2200, 3000, 3300, 6800,
8200 PFD. .01/350, .013/350, .02/250, .05/125,
.25/350.
5p. .033/100, .1/250, .25/500, .5/350.
6p..1/600, .1/1500, .22/250, .5/500.
10p. .01/1000, 1/350, 2/150, 2/200, 2/250.
40p. 5/150, 9/275AC, 10/150, 15/150, 40/150.

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

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

CAN CUPS
1”or13” or 3" d 2p
LABGEAR MAINS DROPPER
36 ohm 25 watt ~ 79 ohm 9 watt 15p

TUNING CONDENSERS 33 or 50PF, 20p

PAXOLINE
3x 24 x 4" N 2p
43 x % xa!—”, 2 for1p
220K 3 watt resistors . 2p
VALVE RETAINER CLIP adjustable 2p
OUTPUT TRANSFORMERS
Sub-miniature Transistor Type 20p

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

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

RADIO & ELECTRONICS CONSTRUCTOR



SEMICONDUCTORS

Full:spec..markediby Muljlard;etc Many other types in s,toc‘k Amp  Volt wtigildlo rLh
AC X [ 2 -
AC187/8 12p | BD132 435 | BFX84 22p 1 gjg g%;g 588 389
AD149 35p | BD135 36p | BFxss 20p 3 30p
AD161/2 26p | BD203 £1.00 | BFY50/1/2 13p |5.6 700 BT106 85p
AF116/7 12p | BD232 65p | BSV64 40p |6.5 300 BT102-300R 42p
AF139 28p | BD234/5 48p | BSX21 20p | 6.5 500 BT102-500R 60p
AF178 30p | BF115 23p | BU105/01 £1.70 | 3.5 500 BT107 90p
AF180 40p | BF167 18p | 0C35 28p BT
AF239 30p | BF173 19p | 2N706 * 8p g‘g 288 BT18$ o 22"
BC107/8/9 7p | BF178 25p | 2N2219 19p | 22 e e p
BC147/8/9 8p | BF179 30p | 2N2401 (ASY26 -27)15p | © 90p
BC157/8/9 10p | BF180/1/2 3Cp | 2N2904 17p | 20 600  BTW92-600RM . . £3.00
BC187 25p | BF183 40p | 2N2905 . 21p |15 800  BTX95-800R Pulse
BCY40 25p | BF184/5 17p | 2N2906 15p Modulated £12
BCY70 13p | BF195 12p | 2N2907 18p
BCY71 18p | BF196/7 14p | 2N3055 35p OTHER DIODES . .
BD115 67p | BF262/3 30p | 2N3053 150 | Centercel §p | 2 Pin and 6 pin
. (<)
BRIDGE RECTIFIERS IN916 5p | 240° (Type B)
Amp  Volt RMS Amp  Volt RMS BA145 14p | Metal  Chassis
b 1,600 BYX10 30p | 2 30 LT120 30p | gAa182 16p Din Sockets 6p
1 140 OSHO01-200 25p | 0.6 6-110  EC433
14 42 . BY164 35p Encapsulated with built-in TRIACS
Plastic types heat sink . 15p Amp Volt
W B | R BESIREESE 0PTO ELECTRONICS 6 400 BT110-400 Plastic 75p
volt .. P | ORP12  43p| Photo transistor | 25 900  BTX94-900 . £6.50
fipct R MR 2 | BPxa0  25p| gpx2g  80p|25 1200 BTX94-1200 £9
INAOO5 600 volt . . 7p | BPX42 £11 ocP71  30p WESTINGHOUSE 28TI0 30
IN4006 800 volt . 7ip | BPY10 75p | ———————|DIAC BRIOO 30p |AMP1000VOLTTHYRISTER
IN4007 1,000 volt ____Bp | BPYB8  75p ca11s WITHOUT NUT £5
HIGH pow:;pnec;n;nens g;’i‘;g 75; Infrared  |PHOTO SILICON CONTROLLED SWITCH
o i
LT102 2 30 10p Diodes transmitter  £4 | BPX66 PNPN 10 amp (B8
BYX38-600 2.5 600  25p
BYX38-300 25 200 20p | PNPN  PROGRAMM- | pppgR BLOCK CONDENSER [TAA30 T0-74 1 Watt
BYX38-900 25 900 28p | ABLE UNWNUNCTION | 300 | AF- AMPLIFIER 1.C.
BYX38-1200 25 1,200 30p | BRY38 30p [0.25MFD 800 volt Pla5t09v £1.50
BYX49-600 2.5 600  25p : 15
BYX49-300 25 200 20p BFW10 F.E-T's 25 1MFD 400 volt p
BYX49-900 2.5 900  28p PlomED 250 volt 20p WIREWOUND
BYX48-300 6 300 27p | BSV7S 90p SLIDER
BYX48-600 6 600 32p | BSV80 80p | 2MFD 1.5 kv a 150 Ohm, 250 Ohm 5K
BYX48-900 6 900  40p N. Channel 1SMFD 150 volt 25p oL m
BYX48-1200 6 1,200 60p | BSV81 M.O.ST. .. £1 4p each
BYX72-150R 10 150  24p
BYX72-300R 10 300 35p BFSZ,E Dual M‘O'S'T‘ ‘QOp ALL ORDERS HANDLES
BYX72-500R 10 500 43p | Plastic, Transistor or Diode OVER £3 POST FREE -
BYX42-300 10 300 40p | Holder 1p OVER £6 V.A.T. FREE Rigeikiighity biue pylan
BYX42-600 10 600  45p | Transistor or Diode Pad 1p 6%" with secret fitting
BYX42-900 10 900 55p o T screws 5p
BYX42-1200 10 1,200 75p illips iron Thermostat = p .
BYX46-300* 15 300 £2.50 | Bulgin 2-pin flat plug and 81";‘“’“2;1”‘;2 standard = ton Tonk ;
Bx46.800r 18 500 £a.20 | pSooket . 10p | 200 P 2om Waen enidi i
BYX46-600* 15 600 £3.80 M%’m‘;“ FfF.’mssway edge 15p Seafarer, Pacific, Fair-
gx?,giggg ﬁg §8g 513;2 300 chm moving coil insert UECL 10 way pin |Waydepth fmgg;r)seach
BYX52-1200 40 1,200 £2.25 4103D 13” diameter. Make connector 2B6000
*Avalanche type ideal mil$e or speaker for OA1P10 20p
N50 ohm free plug (UG21D/U)  50p communication work 25p DEE PLUG
N50 ohm square socket (UG58A/U) S0P | " Tested unmarked or marked | U.EC.L. 20 way pin |McMurdo DA15P 15
17 Terryclips  black plastic ample lead ex new equipment | connector way chassis plug  20p
: co:t:g, or chrom-e fnln:lh k 1 1:9 AC128 6p OC71/2 6p 2A60000A1P20 30p
inch 10-way terminal bloc P i ACY17-20 8p | 0C200-5 6p . )
Pair of LA2407 Ferrox cores ASY28/9 8p | 2G302 6p ‘ ) ::g::;?y 18009 Cogx.
with adjuster 25p | ASZ21 8p | 2N2926  5p| U.ECL 10 way pin . P
Chrome Car Radio facia 15p BCY70/1/2 8p | 2N598/9 6p | socket 28606001 2(1)0
Rubber Car Radio gasket 10p gC1Y§$34 1(8)9 %:12812 gp P TIE CLIPS
i Y P P Nyl If locking 33"
B l0elavlins £2200 BZY88 series6p | Germ. diode 3p U.ECL 20 wa = 1_;.°7n”;!:) ecting| 58
Relay socket 12p | QA5;7/10 10p | GET111  20p| = == y1 P :
Take miniature 2PCO relay 0A47/81 4p | GET120 socketB260800A1R20
B9A valve can 70 | 0A200-5 Sp | (AC1281n1"sq. S CINCH 150
0-30in -5 segments, black pvc, oc23 20p | heatsink) 20p 12 way edge socket
360° dial, gxlver digits, ps\;” 0C29 25p | 100v1 amp BELLING LEE L1354 10p
adhesive, 41" dia. R 15p | OC44 6p | diode TV Aerial diplexer 10p
SMALL ORDERS, ENCLOSE SUITABLE H E RAD' o s HAC K
STAMPED ADDRESSED ENVELOPE T
‘LARGE ORDERS, ADD SUFFICIENT FOR ST RS gARTo TN T WU 7N g 311V W K o) N e oIS L ALY
ERSTAGNSY AARCE, ETC, Opend 0ta.m. uli"7 p.m. Monday to Saturday Phone 01-223 5016
TOTAL GOODS PLUS CARRIAGE, ADD 10% V.A.T.
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EXt in Everyday Electronics

8-page supplement

This comprehensive supplement -
shows you how to use the most F B X
popular methods of construction . 4%
including - printed circuit board, b

copper clad Veroboard, plain matrix
board, stick on wiring, and tag
board and tag strip. f

4 Band

TO RO F.O :
Receiver |

A radio capable of receiving short
wave amateur and shipping Sh
transmissions as well as the normal
medium wave band

Gas Alarm

A simple alarm for the detection of combustible gases and vapours and smoke

Three by Three Game

An addition to any game using a dice, or a novel game for two players

evervday ;.
electmmcs =
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products available from your
local retailer

to assist with all types of home constructor projects

verobox ©

Six standard sizes of
extruded box with
built-in guide slots

Veroboard @

0.1” and 0.15 * pitch S : | Plain boards.
Single-sided, copper 0.1" and 0.15" pitch.

D.1.P. Breadboards are
the easiest way of

! 4 mounting your D.1.P’s.
Group Boards for i:llE 1 3 0.1” pitch.
simple component mounting :
0.1” and 0.15" pitch.

Terminal pins for 0.1
Spot-face cutter to and 0.15" pitch boards
simplify cutting of together with pin
copper track. ) insertion tool.

VERO ELECTRONICS LIMITED
Industrial Estate, Chandler’s Ford, Hampshire SO5 32R

Chandler’s Ford 2952 Telex 47551
NOVEMBER 1973 207



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

The Catalogue you MUST have!

——

- Home Rabpio

COMPONENTS

250 pages 11%" X 8"

85 electronic
gt’;’mponents clearly
listed and indexed

N

1,150 pictures

NN S SO

e B

Details of our popular
Credit Account Service
and our Easy Ordering
System are included

in the catalogue.

ﬂl

Only 55p.plus 22p 2554w T
[ |
[ ]

POST THIS COUPON

with cheque or PO.for 77p.

Name
Address

HOME RADIO (Components)LTD. Regd. No. 912966 London §
Dept.RC, 234-240 London Road, Mitcham CR4 3HD []
- EE - - -----------...-.-.---‘
RADIO & ELECTRONICS CONSTRUCTOR

The price ot 77 applies only to catalogues purchased
by customers in the UK, and to BFPQ addresses.

rI-u
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THE “DUALINE

M.W.-V.H.F. PORTABLE

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

Part 1

OR SOME TIME THE AUTHOR HAS

had it in mind to make a 2-wave-
band portable receiver which would
combine the selective properties of his
‘Spontaflex Super-Alpha’ circuit on
medium waves with the markedly
different ‘Spontaflex’ circuit used for
v.h.f. Until he started to work things
out on paper he expected unacceptable
band-switching problems. However, it
was found that band-switching was
delightfully simple, the whole oper-
ation of changing from one circuit to
the other, including a change of diode
and reaction circuits as well as more
fundamental items, being carried out
by a standard 2-pole slide switch.

Front of the completed re-
ceiver with the telescopic
aerial under Jjts hook

210

This unusual and ingenious design allows reception

of medium wave a.m. and v.h.f. f.m. signals with

band-switching carried out by a double-pole

switch only. Four transistors are employed in the

circuit. A concluding article will appear in next
month’s issue.

BAND-SWITCHING

In the circuit diagram given in Fig.
1, switch S1 (a) (b) is shown in the
medium wave position.

Received signals are tuned by Lt and
VCI, L1 being mounted on a 4 in.
length of # in. ferrite rod. The input
signal is applied to the base of TRI,
and the output from this transistor
appears across the network formed by
R2, L3 and R3 in the emitter circuit.
R3 is present to prevent a form of
spurious oscillation which can other-
wise take place if high gain transistors
are used and the receiver is tuned to a
point near the high frequency end of
the medium wave band. The signal,
amplified now in’terms of current by
TR, passes through the v.h.f, coil L4,
which offers negligible impedance at
medium waves, and is then applied to
the base of TR2. TR2 also functions
as an emitter follower and its emitter
current flows through D1 and D2 to
the negative supply rail. Dl has C8
and R8 connected across it, and D2 is
short-circuited, so far as radio fre-
quencies are concerned, by S1(b).

Reaction takes place with the aid of
L2, which is also wound on the ferrite
rod and which is inductively coupled
to L1. L2 is fed from the emitter
circuit of TR2 via C7, which provides
d.c. isolation, and the pre-set potentio-
meter VR1. The 6.8pF capacitor, Cl1,
can be ignored at medium waves. The
amount of feedback allowed is set up
by VRI1. VR2 is a panel reaction con-
trol and it varies the direct voltage
available for the collector of TR2. This
circuit point, in turn, provides base
bias via R1 for TR1 and, consequently,

VR2 controls the amplification offered
by both these transistors. Note that,
with Si(b) in the medium wave
position, R7 is in series with R9, thus
reducing the maximum current which
can be passed by TR2, while at the
same time increasing the collector load
resistance and consequently the audio
gain offered. This balances with the
situation given when v.h.f. is being
received, and when a higher direct
voltage is required at TR2 collector for
satisfactory oscillation. As a result,
maximum gain, around the onset of
oscillation, is obtained on both
medium waves and v.h.f. when VR2
is near its maximum setting. C8 and
R8 apply a load across DI which
varies with frequency. Their values are
chosen such that the oscillation point
in the travel of VR2 remains fairly
constant throughout the whole med-
ium wave band. Without these com-
ponents the method used to control
reaction would not be very suitable, as
there would be wide differences in
direct voltage requirements throughout
the range and there would be serious
losses at some points of the band.

A.F. AMPLIFICATION

D! demodulates the r.f. signal and
also acts as a load for the resulting
a.f., which passes through TR2. This
transistor acts, at a.f.,, as a common
base voltage amplifier. The output,
at high impedance, from TR2 is across
R9 plus R7, and 1t is applied back to
TR1 which now acts as a common
emitter amplifier. Since R2 is not
bypassed, a fair degree of negative
feedback takes place, and this raises

RADIO & ELECTRONICS CONSTRUCTOR



S2q

+9V
\y‘ Telescopic T R
aerial R o)
AAAA A
o S2b +3v
€ >
TR =R
- TR3
Cia
————— B
|
TRy
BF 167
mlm | g
1 ]
2Ry =
p. b3 3:R|3
) B - T2
Sip
VR.
> - 2
R 2 - - < LS,
Cg Rg
4 ] Not used
4 D
» 2 L
VR) Cy + j={e1}}
é: £ J B ). y. T
< A L ] N N
|]_f, -9V
Tca CIIT T
-3V
b [4 bce [4
.. [=
Not connected - OO, m
e c
BF167 2N4289 BFYSI
Lead-outs Lead-outs Lead-outs

Fig. 1. Full circuit diagram of the ‘Dualine’receiver

the input impedance of TR1i and
enables it to match the output im-
pedance of TR2.

The signal now appears across the
large winding of transformer T1, and
this allows reasonable amplification to
be given even though negative feedback
is present. T1 is a type which is norm-
ally employed for matching a crystal
pick-up or microphone to the input
of a transistor amplifier. From T the
signal passes through the radio
frequency filter given by R10, R11, C5
and CI15, coupling being provided by
Cl14. Bias for TR3 is settled by the
network formed by VR3, D4, DS and
R13. The two diodes help to keep the
voltage constant as the battery runs
down. VR3 is set up so that a very
small current passes through TR3

NOVEMBER (973

when no signal is present. Since the
collector current for TR3 is the base
current of TR4, VR3 is set up for
about 8mA collector current in TR4
under quiescent conditions. When an
audio signal is fed to the circuit a
corresponding voltage is developed
across D3, and this is added to the
quiescent bias voltage to cause an
increase of current through TR3 and
TR4. On maximum a.f. peaks the
current passed by TR4 may be near
100mA, but this will be only for very
brief periods. The amplifier section of
the receiver is, of course, that des-
cribed in *‘The ‘Sliding Junior’ Ampli-
fier”, which was described in the June
1973 issue of Radio and Electronics
Constructor.

Negative feedback is provided by

C17 and RI12. Although feedback
occurs at all audio frequencies, the
value of C17 is such that there is a
small increase in attenuation at the
treble end of the spectrum. Feedback
is very necessary across TR3 and TR4
to ensure that the direct bias voltage
is always greater than the signal
voltage.

The receiver uses two batteries. The
PP3 battery which provides the 9 volt
supply is cheap and is only called upon
to pass about 500pA. The large No.
800 battery which gives the 3 volt
supply is a very economical source of
power. At the time of writing, the
combined price for the two batteries is
less than the cost of a single PP9
battery. There is a considerable
advantage, especially when listening to
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v.h.t. signals, in the fact that the radio
frequency section of the receiver is
completely unaffected by fluctuating
voltage from an ageing battery in the
audio section.

V.H.F. RECEPTION

Next, consider SI(a)b) switched to
the alternative position, for v.h.f.
reception. The signal from the tele-
scopic aerial is applied to TR through
the isolating capacitor Cl. TRI
functions as an aperiodic r.f. amplifier
in the common base mode, the input
signal appearing across R2 plus L3
and R3. Output is developed across RS
and is fed to the tuned circuit given by
L4 and VC2. L4 is permeability tuned,
a piece of ferrite rod being inserted into
it or removed from it by means of a
mechanical coupling with VCI, On
v.h.f. VCI acts as a mechanical device
only, apart from the fact that its
capacitance allows v.h.f. current to
pass through it. Note that the ‘dead’
end of L4 and VC2 is now at earth

potential, so far as radio trequencies
are concerned, due to the setting of
S1(a).

When receiving v.h.f., TR2 is kept in
a gently oscillating condition, and this
local oscillation locks with the in-
coming frequency modulated signal.
The presence of D2 in the emitter
circuit allows synchronous detection to
take place. It will be seen that D1 and
D2 are still in series. The circuit would
not function at v.h.f. with the OA10,
DI, alone, but the presence of this
diode in series with D2 does not upset
the functioning of the latter, and this
fact assists in keeping the band-
switching arrangements simple. Oscil-
lation takes place in the Colpitts mode,
with Cl1 providing the necessary tap
into the tuned circuit.

The signal audio frequencies pro-
duced pass through the circuit in the
same manner as when this is switched
to medium waves.

Before turning to constructional
matters, it should be noted that the two

Screws pass through main panel

4BA bolt with spring
washers and two nuts

Swivel bracket

into top panel

Bracket hook for

aerial
Telescopic aerial
Fa - D s T TI Top pane!
& — . ial 8°x 132"
” 2 ;
Washers [ 2%3a plywood strip for VC;
_ X ' «
] — i
307 1I'/4x4BA
178 c'sk
! Dashed line
. . " Fefrite shows suggested
32" 12 rod cut out for
plywood panel
platfarm SRegkey
for ferrite
aerial
o= ¥y
I72"centre g
grommets 4% 3" platform
for No.80OO
Woodscrew battery
“ +3V =2
15/8' 4BA 3Vtag bl
c'sk bolt | & é)/ 2
tolboldita 1 12’ aBA sk bolts to
assembly hold battery clamp
@ exactly 3l/2%apart
T4
|
Woodscrew B LAY
Screws pass through main Bracket for SRR
panel into base PP3 battery
| S — B” -

Fig. 2.
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Layout of the components behind the front panel before wiring

ferrite rods can be obtained from
Amatronix Ltd., 396 Selsdon Road,
South Croydon, Surrey, CR2 ODE.
Amatronix Ltd., also supply the
‘silicon bias diodes’ required for D3,
D4 and D5. The telescopic aerial type
TA10 is available from Henry's
Radio under this type number and
from other stockists of Eagle parts.

CONSTRUCTION

The rest of this article and that to be
published next month must be read
before construction commences. Also,
Figs. 2 and 3 must be studied in con-
junction with each other. Positioning
of components in Fig. 2 can be
adjudged with the aid of the parts
themselves, and this is one reason why
it is necessary to know all details
about these before starting construc-
tional work.

Cut out a square of } in. plywood,
to measure 8 in. by 8 in. Cut out a hole,
slightly in excess of % in. diameter
with its centre 1} in. from the left-
hand side and 1% in. from the top. This
hole is for the flange of the epicyclic
tuning drive for VCI, and the last
two dimensions appear in Fig. 2.
Remove an octagonal piece of ply-
wood, as shown, for the speaker
aperture. Its exact dimensions can be
taken from the actual speaker to be
used. Cut out two small rectangular
holes to take the bodies of the two
stide switches. These bodies pass
through the plywood, and the securing
screws for the switches are on the other
side of the panel. The switches should
be positioned so as to leave room for
the potentiometer, VR2, between them.
The body of VR2 should not have a
diameter greater than 1} in., and a
suitable type would be the R.S.
Components moulded track potentio-
meter. Cut out a hole for the poten-
tiometer bush.

Next cut out two pieces of plywood,
each measuring 8 in. by 1} in. (As
explained at the end of the article, the
1$ in. dimension may need to be modi-
fied to suit the particular speaker used.)
One of these pieces forms the top of the
receiver and the other the base. Drill

of the
chassis

The rear receiver
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COMPONENTS
Resistors Inductors
(All fixed values } watt.5%,) Li, L2 See text
R1 10kQ2 L3 1.5mH choke, type CHS (Repanco)
R2 100Q2 14 See text
R3 2.7kQ) T Microphone transformer type TTS3
R4 3.9kQ (Repanco)
RS 1kQ T2 Output transformer type MOP (Henry's
R6 2.7kQ Radio)
R7 150kQ
RS 100Q Semiconductors
R9 33kQ BF167
R10 10kQ TR2 BF167
R11 1kQ TR3 24289
RI2 220k TR4 BFYS51
R13 1kQ D1 0A10
VRI1 2.5kQ or 5k, miniature skeleton D2 1GP5 (R.S. Components) or OAS80,
pre-set 0OAS81, OA90 or OA91 (Mullard)
VR2 50kQ potentiometer, linear, moulded D3, D4, DS Silicon bias diodes (see text)
track (see text)
VR3 1kQ or 1.5kQ, miniature skeleton Switches
pre-set Si d.p.d.t. slide switch
S2 d.p.d.t. slide switch
Capacitors
1 3.3pF silvered mica or ceramic Speaker
C2 1,000pF silvered mica or ceramic LS1 3Q speaker, S in. round
C3 125uF electrolytic, 2.5 V.Wkg.
C4 0.1uF polyester .
C5 1,000pF silvered mica or ceramic Aerial . .
C6 1pF silvered mica or ceramic Telescopic aerial type TA10 (Eagle)
Cc7 0.01uF polyester
88 330pF silvered mica or ceramic Batteries
9 125u.F electrolytic, 10 V.Wkg.
C10 1,000pF silvered mica or ceramic g'VO}: ga::ery Eype ggg (éiverl}{{ ea(;i y)
Cl1 6.3pF silvered mica or ceramic -volt battery type 800 (Ever Ready)
Ci2 2uF electrolytic, 10 V.Wkg.
C13 1,000pF silvered mica or ceramic Miscellaneous
Cl4 0.1uF polyester B Slow motion drive type 4511/F (Jackson Bros.)
Ci5 1,000pF stlvered mica or ceramic 18-way ‘Standard’ tagboard (R.S. Components)
Clé 8COuF electrolytic, 4 V.Wkg. 6-way ‘Miniature’ tagboard (R.S. Components)
C17 0.01uF polyester ) i ] 4 in. by # in. ferrite rod (see text)
vCi 100pF variable, solid dielectric, 1} in. by % in. ferrite rod (see text)
‘Dilecon’ (Jackson Bros.) 2 knobs
vC2 12pF trimmer, Mullard tubular (Cat. PP3 battery connectors
No. VC88C, Home Radio) Plywood, Fablon or Contact, etc.

two 4BA clear holes in the piece which
will be used as the top, the holes being
1% in. from the ends of the piece and
situated midway between the long
sides. These holes will take the bolts
holding the swivel bracket and hook
bracket for the telescopic aerial which,
when not in use, becomes a carrying
handle. Screw and glue the top and
bottom pieces to the main 8§ wn. by
8 in. panel. Small wood screws should
pass through the main panel into the
edges of the top and bottom pieces.
Cut a rectangle of plywood 2 in. by
# in., and drill a # in. hole in its exact
centre. Also, drill two 4BA clear holes
near the ¢ in. ends. VC1 will, later, be
mounted on this plywood strip, as
indicated in Fig. 2. Using the strip as a
template, and with the centre of the
% in. hole nver the centre of the # in.
hole in the main panel, mark out two
corresponding 4BA clear holes in the
main panel and then drill these out.
Fit two 1} in. countersunk 4BA bolts
through the holes in the main panel,
with the ends pointing towards the
reader (as in the view of Fig. 2). Fit
a plain washer over each bolt and then
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a nut, and tighten these up.

Next, temporarily mount the epi-
cyclic drive on the inside of the main
panel with its flange in the 2 in. hole,
and mark out a hole for a bolt to
secure its anchor lug, (i.e. the lug which
holds the drive body stationary when
the drive is operated). Remove the
drive and drill out this hole 6BA clear.
Fit a short countersunk 6BA bolt
through the main panel with its end
towards the reader (as in the view of
Fig. 2). Cover the outside of the
wooden chassis which has now been
made with Contact or Fablon.

Next, fit the epicyclic drive perman-
ently to the main panel, securing its
anchor lug on the 6BA bolt just fitted
by passing a plain washer and nut over
the bolt. Cut down the spindle of VClI
30 that it has a length of { in., and fit
VCI to the § in. hole in the 2 in. by
# in. strip of plywood. Put a nut on :
each of the 1} in. 4BA bolts and slip ’
the 4BA clear holes in the 2 in. by } in. l
strip over these bolts. Adjust the two
nuts so that the spindle of VCI fits
correctly into the epicyclic drive, add
two further nuts on the outside of the

Side view of the chassis
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Coii lead-outs

4BA clear ;
Wooden plug inside
sleeve

(a)

Front panel

2% 3/40[:Iywood strip

\ vC

existing nut

\

Epicyclic drive

6BA countersunk bolt
(c)

Shaped to fit end
of aerial

4BA bolt —

(e)

Fig. 3 (a). Details of coil L4
(b).

Cord passes round

-Added 4BA nut

Added plain washer

Nylon cord

Grommet

Ferrite rod

(b)

Base of aerial

Spring washer

Lockn\uls Head of
N 4BA bolt
i
I |
”
L Sa B
Plain washer 4BA bolt

(d)

Holes to take 4BA bolts 3!/2"apart

14"
pe t 3y ,
o ; ) 7
L]
le———3l/8" -
-~ 47 R—
(€]

How the ferrite rod is moved in and out of L4
(c). Adding the plain washer and extra 4BA nut to VCI1

spindle

(d). Theswivel bracket for the telescopic aerial

(e). The aerial hook. This should be shaped so that it holds
the aerial paralle! to the top panel of the receiver

(f}. The plywood piece which retains the 3 volt battery
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strip and tighten up. Tighten also the
grub-screws in the epicyclic drive. The
final arrangement is as in Fig. 3(c),
(which omits the 4BA bolts) and there
should now be a smooth slow-motion
drive to VCl. To prevent possible
damage during construction, adjust
VC1 so that its vanes are fully
enmeshed.

Cut out a strip of plywood measur-
ing 34 by § in. and screw it to the main
panel in the position shown in Fig. 2,
where it appears under the ferrite rod.
Two pieces of nylon cord should be
trapped between the sirip and the main
panel in positions where they can be
later tied around the rod to hold it in
position. This is achieved by passing
grommets over the rod, the nylon cord
lying in the grommet grooves. Take a
piece of Fablon or Contact 4 in. long
and 34 in. wide. Leave all the backing
paper on except for a 4 in. strip along
one 34 in. end. Roll this into a sleeve
around the 4 in. ferrite rod so that the
uncovered edge is rolled on last, the
sleeve then being secured by the
adhesive on that edge. It should be
possible for the sleeve to move along
the rod in case this proves necessary
later to give correct coverage of the
medium wave band. Starting near one
end of the sleeve, wind on 15 turns of
28 s.w.g. enamelled copper wire with
each turn touching the next, and
secure with tape. This is L2, Leave a
space of % in. and wind on 130 turns of
the same wire, again with each turn
touching the next, then secure with
tape. This is L1. Pass two grommets
with } in. centre holes over the rod
assembly and secure in place with the
nylon cords as indicated in Fig. 2. It is
in order for one or both of the grom-
mets to be situated over the windings.

Cut out a rectangle of plywood
measuring 4 in. by 3 in. This is the
platform for the No. 800 battery. Fit
two 1% in. 4BA countersunk bolts as
shown in Fig. 2 and a round headed
+ in. brass wood screw in the centre.
Note that this screw and one of the
4BA bolts are fitted with solder tags
for connections. When the battery is
fitted, its negative terminal strip will
press against the wood screw and its
positive terminal strip against the 4BA
bolt. Screw the 4 in. by 3 in. panel to
the main panel. Cut out the section of
plywood shown in Fig. 3(f). This is
used to hold the No. 800 battery in
position after it has been placed on the
battery platform, and is secured by
passing 4BA nuts over the ends of the
14 in. 4BA bolts fitted to that platform.

NEXT MONTH

Further constructional details will
be given in Part 2, to be published next
month. This will also give details of the
v.h.f. coil, L4.

(To be concluded)
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I.C. DECODER

by R. D. L. Mackie

Introducing COS/MOS logic to radio control systems

HIS ARTICLE DESCRIBES AN EIGHT CHANNEL

integrated circuit decoder for digital proportional
radio control which uses the latest technology to
produce a small lightweight circuit consuming negligible
power. The home builder now has the opportunity of
employing a decoder which is significantly better in
performance than most existing designs.

LOW POWER DIGITALI.C.'s

Integrated circuits are becoming standard compon-
ents of modern radio control systems. The packages
used to perform logical operations have, however,
usually been designed for high speed computers, and
have certain characteristics which make them less than
ideal for incorporation in radio control. To reach
computer speeds (tens of MHz) current consumption
has to be high. Noise immunity is relatively poor and,
because switching times are so short, significant r.f.
radiation is emitted. In short, these i.c.’s are meant to
operate in a well controlled electrical environment — not
normally found in models controlled by battery
operated radio systems.

It is well known that field-effect transistors can be
operated by extremely low currents, and that comple-
mentary types are available. It is now possible to
fabricate i.c.’s containing complementary MOS field-
effect transistors. R.C.A. in 1968 introduced COS/MOS
(Complementary-Symmetry/ Metal- Oxide-Semiconduc-
tor) i.c.’s and since then other manufacturers have
brought out similar ranges.

COS/MOS type digital logic elements seem perfectly
suited to model radio control applications because of
their ultra low current consumption, moderate speed
(few MHz), excellent noise immunity and operation
from a single power supply of 3 to 15 volts. Many
complex packages have already been produced, and
prices are expected to tumble.

The circuit to be described provides from one to eight
channels of proportional control when used in con-
junction with a suitable transmitter, and should satisfy
the needs of most modellers. It incorporates one i.c. and
the current consumption of the complete circuit is only
about 0.5mA, which is far lower than most decoders.
The i.c. employed is the Motorola MC1401 5CL, and this
is available in 1-off quantities or more from Jermyn
Industries, Vestry Estate, Sevenoaks, Kent.

NOVEMBLER 1973

DIGITAL RADIO CONTROL

The servo position information in a modern propor-
tional radio control link is usually carried via pulse
width modulation; a series of such pulses (one for each
servo) being transmitted several times per second. A
typical receiver output for a four channel system is
shown in Fig. 1(a). Notice the large time gap between
the last pulse of one train and the first of the next. This
is to allow the receiver to synchronise with the trans-
mitter.

A vital link in the system is the decoder, which takes
in the serial train of pulses from the receiver, separates
them out and gives one to each servo in turn. In a
typical decoder no great speed is required - pulses of
about 1mS are common, though the electrical environ-
ment can be pretty hostile with battery volts dropping
and servo motor noise everywhere. Performing this
decoding function is, therefore, particularly suited to
COS/MOS logic.

COMPONENTS

Resistors
(all 1/10 watt 10%)

R1 22k

R2 220k

R3 4.7kQ)

R4 270k

RS 4.7kQ
Capacitors

Ci 0.22uF tantalum bead, 3 V.Wkg.

or more

C2 1,000pF ceramic
Semiconductors

TR1 ZTX 500

TR2 ZTX 502

Dl 0OA91

Integrated Circuit
I1C2 MC14015CL (Motorola)
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Fig. 1(a). A typical receiver output
(b). Clock pulses at the collector of TRT
(c). Signal atthe base of TR2
(d). Data input (pin7) toi.c.
(e). Output 1 (pin 5)
(f). Output 2 (pin4)

-
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CIRCUIT DESCRIPTION

The input must consist of negative-going capacitively
coupled pulses, as supplied by many receivers, and the
output consists of positive-going pulses capable of
driving at least 200 microamps. The prototype was
developed using a Classic Receiver and World Engines
S4D servo amplifiers; the design being prompted by a
strong desire to replace a decoder which used fragile
silicon controlled switches. The MC14015CL i.c. is a
dual 4-stage shift register with parallel output capability,
and is made by Motorola as one of their MCMOS
range. The two halves are connected in series (pin 10 to
pin 15) to produce an eight stage shift register. Data is
clocked into the i.c. and through its eight stages on the,
positive-going edge of each clock pulse. That is to say,
at the instant that the clock input (pins 2 and 9) goes
from zero volts to 5 volts, whatever logic level existed
at the data input (pin 7) appears now at output I (pin 5),
and whatever level existed at output 1 now appears at
output 2 (pin 4), and so on down the register. Hence the
name ‘shift register’.

Now, the principle of operation of the decoder is to
present a high level voltage to the input of the shift
register at the time of the first shifting pulse of a train,
and a low level voltage for each of the remaining shift
pulses. If this can be managed, then a high tevel voltage
will appear at each of the outputs in turn; the duration
of each output pulse being the time between the corres-
ponding two shift pulses. These pulses then are the
signals necessary to drive the servos.

The input pulses from the receiver are amplified and
squared up by TR]. See the circuit diagram of Fig. 2.
The resulting pulses (Fig. 1(b)) are the shifting pulses fed
to the i.c. The remainder of the discrete components in
the circuit integrate these pulses to produce the correct
data input for the i.c. Just before the arrival of the first
pulse of a batch, considerable time has elapsed since the
last pulse of the previous batch, and so C1 has accumu-
lated sufficient charge through R4 to cause TR2 to be
turned on. The data input (pin 7) of the i.c. is thus held
high. At the leading edge of the first pulse this high
level is shifted into the first stage of the shift register,

Outputs
+5Vo 2 3 a4 5
o Q Q
=R |J_3:c,
TR -
& g
- e— | ZTX500 TR2 Y 3
[ D > ITX502
s 6 s Ja |3 10 ji3 {2
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A SR3 SRy 2 A
1 e TC2 MCI140ISCL IC
oV o € 3
o CLp
1 I Ra R Gnp
=CLpg i {
6 a4 |8 nj2
cbe
ZTX500 ' M i O
216 2TX502 Fig. 2. Circuit diagram of the decoder system 7 8
Lead-outs Outputs
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Fig. 3. A suitable printed circuit pattern, as seen
from the copper side of the board

making output 1 go high (see Fig. i(e)). However,
during this first pulse, TR is turned hard on and the
diode, which is chosen to be a germanium type for low
forward voltage, conducts and discharges C1. TR2 is
therefore turned off, and the data input goes low. After
the first pulse has passed, C1 again charges, but does not
reach the turn-on voltage of TR2 before the second
pulse arrives to cause discharge once again. This second
pulse, therefore, clocks a low level into the i.c.’s first
stage, and moves the high level state from stage 1 to
stage 2 (see Fig. 1(f)). Further clock pulses merely shift
this high level from stage to stage down the register. The
data input goes high again only after a considerable gap
in the input pulse stream, which is in fact provided by
the transmitter before the next batch of pulses so that
decoder and transmitter are synchronised. The function
of C2 is to delay the fall of the high level of the data
input until after the leading edge of the first clock pulse.
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Fig. 4. The components side of the printed
circuit board

CONSTRUCTION

A printed circuit layout is shown in Fig. 3 and a
component layout diagram in Fig. 4. The printed circuit
board is too small, unfortunately, to be reproduced full
size for tracing. Constructors making up a similar board
should start by marking out the two rows of holes for
the i.c. pins, these rows being spaced by 0.3 in. and the
holes in each row spaced by 0.1 in. No special pre-
cautions have to be taken in the construction of this
circuit. The letters ‘X’ and "Y’ in Figs. 3 and 4 identify
the same side.

The i.c. has built-in anti-static protection circuitry,
but it would still be wise to handle it as little as possible
before it is soldered in. The board is small and so a
miniature soldering iron is essential. The two large
holes in the printed circuit are for the passage of input
and output wires, if necessary. [

BOOK REVIEW

THEORY AND PRACTICE OF MODEL RADIO CONTROL By Paul Newell, B.Sc.
136 pages, 150 x 207mm. (5% x 8%in.) Published by Radio Control Publishing Co. Ltd. Price £2.25

Model radio control techniques have developed at an almost tantastic pace over the last twenty years, and control
equipment now takes advantage of such advanced components as digital computer integrated circuits. A mental effort is
needed to visualise the earlier pioneering days, in which transistors were unheard of and typical receivers were 2-valve
superregenerative types, complete with filament and h.t. batteries.

One of the most important changes in the model control scene was brought about by the gradual introduction of
proportional control. This is a sophisticated method of control and is not readily comprehended by the newcomer to the
hobby. The book under review sets out to overcome this lack of understanding and may well be the first single volume

to cover all aspects of proportional equipment design.

After a short chapter on the earlier days of radio control the book describes the nature of proportional, then proceeds
to discuss transmission methods, digital and analogue techniques, components, digital transmitters, digital receivers,
digital decoders, digital servo amplifiers, battery chargers and fault finding. There are also several appendices describing the

author’s "Microtrol’ 5-channel system.

The book is profusely illustrated with photographs and diagrams, and offers an excellent source of enlightenment
to the keen radio control enthusiast. If necessary it may be purchased direct from the publisher at 64 Wellington Road,
Hampton Hill, Middlesex, for the cover price plus postage, which for U.K. readers is 13p.

NOVEMBER 1973
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NEWS .

AND

UPDATING 70 CABLE TV
SYSTEMS

Three thousand.council homes in the London Borough
of Hillingdon are having their cable television facilities
upgraded to provide colour reception under a refur-
bishing contract worth nearly £40,000 awarded EM]
by Hillingdon council. About 70 separate communal
television aerial systems, serving mainly low-rise
housing estates and multi-storey blocks of flats, are
involved and these vary in size from one system linking
six elderly people’s flatlets to a network having over
350 subscribers.

The work is being carried out by EMI Service, a
division of EMI Sound & Vision Equipment Ltd.,
which is based within the Borough of Hillingdon —
at Hayes, Middlesex.

PASRKE §
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- l.. '[CE
s ' 5
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EMI Service will have six mobile installation teams
working on the project. The photograph shows one of the
teams about to start refurbishing work on a cable television
system serving five buildings, containing 32 flats and
maisonettes, in Waterloo Road, Uxbridge.
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THE FUTURE OF ‘OSCAR’

OSCAR 6 is beginning to show signs of *‘running
down”. Its nickel-cadmium batteries have been sub-
jected to heavy usage and in spite of altering the
operating schedule to give a shorter, more frequent
charge-discharge cycle, this is beginning to tell on
them. The operating schedule has been further modified
so that only South to North passes are activated for
QSO’s. However, the planned one year lifetime for
OSCAR 6 will certainly be achieved and may even be
exceeded.

OSCAR 7, the next in the Amateur Radio Satellite
series, is designed for a lifetime of three years. It is
planned to have two translators, one with an input on
432 MHz and output on 2 metres and the other with
an input on 2 metres and output on 10 metres. The
first of these translators, has already been completed
in Germany, having been designed and constructed
by a team headed by Karl Meinzer, DJ4ZC. The
frequency range is 432.125 to 432.175 MHz in, and
145.925 to 145.975 MHz out; with a beacon on 145.980
MHz.

The 2 to 10 metre unit is in process of construction
by AMSAT in the USA. The exact input and output
frequencies of this unit are still under consideration.

In view of the fact that a thousand or more users
of OSCAR 6 have invested time and money in equip-
ping their stations for the present Satellite, the policy
for future satellite design is to bear this in mind, so
that, as far as possible, existing equipment can be
used subsequently for communication through future
satellites.

1t is hoped OSCAR 6 will continue in service, until
the launch of OSCAR 7, which is planned for early
next year.

TRAVELLING SCHOLARSHIP

The Institute of Electrical and Electronics Engineers,
the Institution of Electrical Engineers and the In-
stitution of Electronic and Radio Engineers are finan-
cing a travelling scholarship of £300 for visit(s) to
foreign electrical or electronic research or manu-
facturing establishments by a postgraduate student.

The purpose is to promote an exchange of research
and technological ideas and to foster a closer relation-
ship between young engineers in different countries.

Candidates must submit a programme for their
visit(s) by 31st December 1973, and the award will be
made to the candidate whose programme is judged
most likely to promote the objects of the scholarship.

Entrants must be Student or Graduate Members of
one of the institutions.

Further information and entry forms from Prof.
C. W. Turner, Dept. of Electrical & Electronic En-
gineering, King’s College, Strand, London. WC2R 2LS.
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COMMENT

RANDOM NUMBER SELECTOR

A novel electronic equipment, available in kit or fully assembled form,
has been introduced by Micro Electronics, 51 Mexfield Road, London
SW15 2RG. Referred to as the ‘Minicomp 100’, it incorporates two Nixie
display tubes, seven logic i.c.’s, three transistors and various other com-
ponents, and it presents random numbers within a preselected range.
Thus, it may be set up to produce random numbers up to 36 for roulette,
up to 6 for dice, up to 57 for pools draw predictions and up to 99 for
bingo and other number games.

The equipment is built into an attractive case measuring approximately
7 by 5 by 3 ins., and it is powered by 240 volts 50Hz or 110 volt 60Hz
mains. In the kit form, assembly is eased by the provision of three printed
circuit boards.

‘Minicomp 100" is, in effect, a miniaturised ERNIE, and it should
be of particular attraction for organisers of party games, fetes and bazaars,
and for any other pursuit which involves a completely random selection

MINICOMP

of numbers.

B.A.E.C. EXHIBITION 1973

This year’s Exhibition reflected the increased and
more widely dispersed membership of the British
Anfateur Electronics Club.

There were many more exhibits from members, and
an instance of the wider membership was the exhibit
from the Guildford and District Group, a Coincidence
Detector.

A pleasing result of the exhibition was a record sum
of nearly £500 being raised for the benefit of the Cancer
Research Campaign.

IN BRIEF

B The Amateur Radio Mobile Society are establishing
an annual award to perpetuate the memory of Maurice
Margolis, G3NMR.

Maurice Margolis was a very enthusiastic and hard-

working member of the society and for many years,
together with his wife Sylvia, edited and produced the
society’s journal Mobile News.
B INTER NAVEX - The International Audio-Visual
Aids Conference and Exhibition 1973, attracted an
attendance of more than 11,000 which is said to surpass
the attendance at any similar exhibition anywhere in
the world.

Next year the exhibition, INTER NAVEX 74, will
be held from 16th to 19th July at Olympia.

B Sinclair Radionics have invested in a Computer
Automation Alpha 16 minicomputer to help them to
prove the design of their next two pocket electronic
calculators, one of which is expected to be launched
early next year.

B The Radio Society of Great Britain have stated
that their accounts for the financial year ended 30th
June 1973 are likely to show a surplus of £4,000 or more.
B AMEF Potter and Brumfield have now opened a new
manufacturing facility at Skelmersdale, Lancashire.
Occupying 6,000 sq. feet of floor space, this modern
plant will considerably increase their manufacturing
capacity for relays and associated products.
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SINCLAIR INTRODUCE NEW
AMPLIFIER

Project 80, claimed as the world’s most advanced hi-fi
modules, were introduced by Sinclair Radionics at the
1973 Audio Fair. This new range of modules, designed
for the home-constructor, replaces the established
Project 60 series.

Comprising pre-amplifier and control unit, active
filter unit, two power amplifiers, three alternative
stabilized power supply units, FM tuner and stereo
decoder the Project 80 features compact electronics to
give an ultra-slim module profile 50mm high by 20mm
deep which opens up a whole new range of installation
possibilities. The units, which can be used individually
or partially grouped to give flexibility, have a two year
guarantee. Prices range from £11.95 for the pre-amplifier
and control unit to £4.98 for the PZ5 power supply unit
(exclusive of VAT).

“A pair of quadraphonic earphones please.”
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ISOLATED
TRIAG

GIRGUIT

by G. A. FRENCH

The triac offers many advantages so far
as the switching of a.c. mains loads is
concerned, and it lends itself very readily
to applications in which an a.c. load
can be turned on and off by a transistor
control circuit. Several recent articles in
the ‘Suggested Circuit’ series have
described units capable of operating in
this manner, these being ‘Automatic
Lamp Switch’ (Suggested Circuit No.
271) and ‘Triac Timer’ (Suggested
Circuit No. 274). These articles appear-
ed in the June 1973 and September 1973
issues respectively, Basically similar
methods of triac control have been
described by other writers and have
appeared in the technical press.

LACK OF ISOLATION

N GENERAL, TRIAC CIRCUITS WITH

transistor control have the basic
form shown in Fig. 1. In this diagram,
the a.c. mains is applied to the triac
and the load (assumed here to be a
lamp) in series. The a.c. mains is also
applied to the transistor control
section, which it powers by means of a
step-down transformer and a rectifier
circuit. When it is desired to have the
triac conduct, a direct voltage of the
order of 10 volts is applied via a
conducting transistor in the control
circuit to the gate and Main Terminal 1
of the triac, current being limited by a
series resistor. The series resistor may,
typically, have a value of 300€Q2.

A disadvantage with the circuit of:
Fig. 1 is that, since the transistor
control circuit output has to connect
to the Main Terminal 1 of the triac,
one of the control circuit supply rails
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is coupled direct to one side of the a.c.
mains. As a result, all the components
in the control circuit are at, or close to,
mains supply potential, and it is
necessary to provide all consequent
precautions against accidental shock.
This month’s ‘Suggested Circuit’
illustrates a method of operating a

triac which enables the transistor
control circuit to be completely
isolated from the mains supply,

whereupon one of its supply rails may
be earthed and the possibilities of
shock are reduced. The present design
is not primarily intended as a modifi-
cation for the two previous ‘Suggested
Circuit’ articles, but more as an
approach which can be employed in
the future. The circuit is based on the
assumption that the control circuit
causes an output transistor to become

Fig. 1. The essentials of a
circuit in which a transistor
control unit operates a triac

fully conductive when it is dedired
that the triac be turned off, and this is
not, of course, a difficult matter to
arrange.

The operation of the circuit can best
be understood by first examining the
theoretical version shown in Fig. 2.
Here, the a.c. mains is applied, as in
Fig. 1, to the series combination of the
triac and the load which, again, is
assumed to be a lamp. The mains is
also applied to the step-down trans-
former T1, which offers a secondary
voltage of some 10 to 15 volts. This
secondary voltage is rectified by diodes
D1 to D4, the rectified negative voltage
pemng common with the chassis on
which the transistor control circuit
components are mounted. The positive
rectified voltage appears at the junction
of DI and D3 and, with respect to

Lamp
$ MT
AC. Triac
mains

9 R300a S/ IMT
Transistor
control
circuit
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Fig. 2. A theoretical approach towards obtaining isolation of the
transistor control circuit from the mains supply

chassis, consists of a series of positive
half-cycles, as illustrated in Fig. 3.
These half-cycles are applied via D3
to the reservoir capacitor Cl, which
charges to nearly their peak value. The
smoothed direct voltage across Cl
is employed to power the transistor
control circuit.

The presence of D5 ensures that
current cannot flow back from CI to
the junction of D1 and D3 when the
voltage at this junction is lower than
that at the positive terminal of Cl1. In
consequence, the circuit is capable of
producing both a smoothed direct
voltage and a series of positive half-
cycles.

The positive half-cycles are fed via
R1 to the primary of transformer T2.
It is assumed in Fig. 2 that this is a
‘perfect” component having zero resist-
ance in its windings. An alternating
voltage at 100Hz is induced in its
secondary winding and this is applied,
by way of R2, to the gate and Main
Terminal 1 of the triac. Since the
alternating voltage in T2 secondary
is in phase with the half-cycles in its
primary and, therefore, with the half-
cycles of the a.c. mains applied to the
triac and lamp, the triac is capable
of being triggered on over very nearly
the whole period of each half-cycle,

Fig. 3. The voltage at the

junction of D1 and D3

consists of a series of positive
half-cycles
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and the lamp is lit at full brilliance.

The output transistor, shown in
Fig. 2 as TR, couples to the transistor
conirol circuit such that it is non-
conductive when it is desired that the
triac be turned on. In these circum-
stances, the transistor has no effect,
on the triggering of the triac, and this
functions in the manner which has just
been described.

When it is desired to turn the triac
off, the transistor control circuit causes
TR! to become fully conductive,
whereupon it effectively short-circuits
the half-cycles applied to the primary
of T2, and the alternating voltage at
T2 secondary is reduced to a negligibly
low level. The triac does not then
conduct and the lamp extinguishes.

Since T2 is a ‘perfect’ component,
the 300 current limiting resistor of
Fig. 1 can now appear as the two
150 resistors, R1 and R2. It is desir-
able to employ two resistors instead of
one for the following reasons. If R1
were made 300 and the secondary of
T? were connected direct to the gate
and Main Terminal 1 of the triac, the
amplitude of the alternating voltage
at the secondary would be limited to
the maximum forward voltage between
the gate and Main Terminal | of the
triac. The amplitude of the half-cycles

+

on the primary would be similarly
limited. In practice a peak voltage of
around 1 volt or less could be expected.
It would still be possible for TRI to
effectively short-circuit the half-cycles
at T2 primary if it were turned hard on,
but the drop in half-cycle voltage

would only be from about 1 volt or less
‘to the saturation voltage of the trans-

istor. A much more dramatic voitage
drop is given when R2 is included, as in-
the diagram. The voltage amplitude
of the half-cycles at T2 primary then
drops from around half the value they
have at the junction of D1 and D3 to
the saturation voltage of the transistor
when the latter is turned on. This large
change in voltage at T2 primary
ensures much more reliable contro! of
the triac.

It is also necessary for R1 to be in
circuit, because it acts as a current
limiter. |If R1 were omitted and R2
increased to 300Q), it would be necess-
ary for TRI, when turning on, to
directly short-circuit the half-cycles
from the low impedance transformer
and rectifier circuit, and this would
clearly be an impossible task.

ISOLATING TRANSFORMERS

[t can at once be seen that complete
isolation is provided in Fig. 2 between
the mains supply and the transistor
control circuit. Supply coupling to the
transistor circuit is by way of the
isolating transformer T1, and output
coupling to the gate and Main Termi-
nal 1 of the triac is by way of isolating
transformer T2.

In practice it is necessary for T2 to
be a component having insulation
between primary and secondary which
is suitable for mains voltage. The
voltages oh the primary have relatively:
low peak values and the transformer
needs only a small number of turns in
its primary and secondary. Low
impedance speaker isolating trans-
formers with ratios of 1:1 and insula-
tion suitable for mains voltage are
available, and it is possible that one of
these could be employed for T2. The
writer has not checked operation with
such a transformer, however, and
cannot comment on the results which
could be obtained. He was, in any case,
able to make up a working version of
Fig. 2 employing a normal mains
transformer. This has a secondary
voltage of 125-0-125 volts at S0mA,
and is an R.S. Component ‘Midget
Mains 250 volt’ transformer. The trans-
former also has a 6.3 volt heater wind-
ing, which is ignored here, and primary
taps at 205, 225 and 245 volts. Despite
the fact that the windings of this
transformer are run at a much higher
turns per volt tigure than they are
designed for, the transformer functions
very well in the circuit. It is possible
that other mains transformers with
similar voltage ratings could be em-
ployed, provided they have approx-
imately the same winding resistances.

The practical triac control circuit
made up by the writer is shown in
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Fig. 4. T1, here, is a tilament trans-
former offering 12.6 volts, this being
given actually by two 6.3 volt windings
in series, It is necessary to use a
filament transformer, or a transformer
having a secondary current rating of
0.5A or more, because quite high peak
currents can flow in the series resistor
R1, and it is desirable to have good
supply voltage regulation. Resistor R1
is now reduced to 6802 and R2 is
deleted as a physical resistor. It is
found that the 0 to 245 volt winding of
the transformer employed for T2 has a
resistance of 40Q2 and that half the
125-0-125 volt winding has a resistance
of 150Q. These resistances may be

gives reliable results in combination
with these winding resistances, and the
total effective resistance is of a
comparable order with the 300Q
previously mentioned.

The transformer is connected such
that one 0-125 volt winding functions
as the primary and the 0-245 volt
winding functions as the secondary.
This gives a step-up in voltage of about
1:2, a factor which improves triac
operation.

The circuit worked with complete
reliability, the triac turning on when
the base of TR1 was unbiased, and
turning off when TR base was biased
by a forward current of around 10mA

Ry Not used
68n Y2 watt L
AAAAA, -
vy
6-3V
Ds b
Nt ~_ Pos. to \
BdD 7 transistor
| circuit 125V
N
Dy D2 &4 £ TR 1254
= : am 00nF  gpjag
AC. 20V wkg
mains 12-6V
o
Qutput
T Dy Bs transistor
MT, MT.
D, - D5 IN40O2 = > % 2
b G
BD!24 40430
Lead-outs Lead-outs

Fig. 4. A practical working triac control circuit with complete
isolation from the mains

depicted as physical resistors of the
same value in series with the windings,
and they consequently appear between
the switching transistor, Tl, and the
Main Terminal 1 and gate of the triac.
In practice, the value shown for RI
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When the triac was turned on it was
effectively conductive over virtually the
complete half-cycle periods, and short-
circuiting the Main Terminals 1 and 2
caused no noticeable increase in lamp
brightness. It may be found, incident-

ally, that the triac can be turned on
harder if the leads to the 0-245 volt
winding are transposed. Constructors
should try the effect of transposing
these connections before considering
the assembly complete.

It can be assumed that, if TRI1 is
suddenly made non-conducting in
order to turn the triac on, ringing
voltages will appear in the relatively
high inductance windings of T2. Such
ringing voltages do appear, but they
are heavily damped by the forward
triac gate impedance across the 0-245
volt winding and by the fact that any
positive excursion of the upper end of
the 0-125 volt winding is limited to
slightly more than the positive voltage
on C1 by R1 and diode DS5. In practice,
the ringing voltage exists for a very
short period immediately after TRI1
turns off, and thijs causes a small burst
of minor interference to be heard in a
radio receiver which is switched to Jong
waves and held near the triac wiring.
After this, the triac settles down to
normal working and creates no inter-
ference. There is no noticeable flicker-
ing in the bulb due to the ringing.
Incidentally, this last point demons-
trates that a portable transistor radio
can be quite a useful item of test
equipment when checking experiment-
al triac circuits!

The triac employed in the practical
circuit is the R.C.A. 40430. It can be
mounted on a small flat heat sink about
14 in. square. The five diodes can all be
small silicon types, such as the 1N4002
specified in the diagram. The control-
led lamp was rated at 100 watts.

The final component to discuss is
transistor TR1. When this is conduct-
ing, it has to pass the peak currents of
the positive half-cycles from the
junction of DI and D3. Allowing for
forward voltage drop in two silicon
rectifiers, these pulses have a peak
voltage of about 16.5 volts, whereupon
the peak current is limited by R1 to
approximately 240mA. The peak
power in TR1 is given when half the
supply voltage is dropped across it.
In a correct design, TR should be
taken rapidly through the half-voltage
point both on turning off and turning
on, but it is useful to ascertain the half-
voltage dissipation even if only to
guard against a fault condition which
would cause such a voltage to be
present. Allowing for silicon rectifier
voltage drop, the r.m.s. voltage at the
junction of DI and D3 is about 1.4
volts, whereupon the half-voltage
dissipation becomes the square of 5.7
divided by 68 (the resistance in ohms of
R1, whose dissipation will be the same
as that in the transistor). The resultant
figure is 480mW. The peak current of
240mA prohibits the use of small
transistors of the BC107 class, and the
author employed a power transistor
type BD124 for checking the circuit.
The low dissipation does not necessi-
tate this being mounted on a heat sink.
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By

FRANK A. BALDWIN
(All Times GMT)

The material published in this
article on alternate months is mainly
intended for the more advanced
broadcast band SWL but not neces-
sarily for the ‘top flight echelon’
which exists both in this country and
abroad — they require no assistance
from me in the unearthing of their Dx.
Elsewhere in this issue SHORT
WAVE NEWS caters for the large
majority of SWL’s who no doubt also
find something of interest to them on
this page.

What have we to say this month ?
Well, prior to early September, when
the USSR station in conformity with
the winter schedule commenced
operations on 4920, we logged
VLM4 Brisbane on the channel at
2000, at which time full identification,
good morning greetings and a news-
cast could be heard.

During the summer months, Bris-
bane can be almost a nightly visitor to
the shack and, when this is so, try a
quick visit to 4890 in the hope of
logging Port Moresby in Papua (but
see below). Should you be fortunate
in logging the foregoing, the three
card trick (if you QSL) would be to
{ine up the dial on 3925 in the hope
that VLK3 Port Moresby would come
up trumps. Impossible ? Well, we ‘try
from time to time but so far the deal is
against us. Recently however Dame
Fortune smiled on us to the extent
that we did hear a mere whisper of
the news in English from VLK3 at
2003, the weak signal fading com-
pletely by 2010. VLM4 on 4920,
although scheduled to open at 2000,
does in fact open some ten minutes
or so earlier and often features
military marches or light music until
the station announcements at 2000.

What are the snags to the above
apart from the prevailing conditions ?
In practice it will be found that the
3925 channel is surrounded, and
often occupied, by a veritable sea of
QRM. A continuous ‘open’ carrier
LF and a CW transmission HF of
channel virtually stipulate that the
receiver must he operated in its most
selective mode, the hope remaining
that the small gap between the QRM
is clear.
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The 4890 channel of VLT4/K4
Port Moresby has, for the past three
months or so, presented an additional
snag to the Dxer over and above those
already apparent (Dakar etc.) but one
which has some recompense in that
Radio Bangladesh from Dacca is
active on the frequency. Positive
identification of the latter can be made
at 2059 with the announcement in

English "This is the Overseas Service.

of Radio Bangladesh’, followed by
the news, usually until around 2107
at which time there is a talk about
some aspect of Bangladesh affairs.

During this month (November) the
short path signal route is almost, but
not quite, in total darkness from Port
‘Moresby to the U.K. at 2000, but with
the USSR station on 4920, we still
have no chance of a running flush of
success.

@ SINGAPORE

From Papua, across Celebes,
Borneo and the South China Sea lies
Singapore at the head of the straights
of Malacca. Singapore, on the LF
bands, can be heard on 5052
(subject to variation at times) with its
English Service normally scheduled
from 2230 to 1630 although we
recently heard them at 2219, probably
on extended schedule for some
special reason.

Alternatively, Singapore can be
logged on 5010. We heard them at
2201 with a programme of light
orchestral music after Garoua had
closed with the Cameroon National
Anthem at 2200.

@ PAKISTAN

A much nearer proposition for the
Dxer on the LF bands is Radio
Pakistan on 4815 at 1800 with a
newscast in English until around 1812
when station identification is made
and sign-off with the National
Anthem. On 4875 however (same
times and details) sign-off does not
include the National Anthem, at least
on the occasions we have heard
them.

# INDIA

AIR Delhi on the LF bands can be
found on 3905 and has been heard
here in the U.K. around 1820 by the
writer recently when a programme of

Indian songs and music was logged.
@& MALAYSIA

Kajang operates on 4845 where
they can be heard opening with the
service in Tamil at 2200, the difficulty
here being the teletype transmitter
sometimes occupying the same
channel at the same time.

@ CHINA

Once termed the Sleeping Giant,
China, in the form of Radio Peking,
can often be heard on 4905 in the
evenings, being last logged here at
2149 with a talk in Chinese.

Several regional stations can also
be heard but | should warn that the
exact locations of these are somewhat
uncertain, those quoted here being as
listed. There is for instance Lanchow
on 4865 which we have heard
several times from 2100 onwards, or
Foochow on 4975 at 2134 with YL
singing and the very appealing
Chinese music. The latter of these
two stations is the most difficult to
receive and conditions for Far East
reception must be good before any
hope of success.

Turning nearer home we have —
@ AFRICA

An interesting exercise one evening
this month would be for the reader to
tune to 3970 for Radio Buea,
Cameroon. We have logged them
many times from early June when,
presumably, they commenced a ser-
vice in English from 2030 to 2200.
Usually they are in the clear (more or
less) from around 2130 and often
present country and western records
in the programme format. The news is
at 2145 read by male announcer
whilst, at 2200, identification and
closing announcements are by the
female of the species, National
Anthem and carrier off being at 2202.
One of the most interesting of the
African stations and well worth
listening for.

In the Congo, Point Noire is a
regional station relaying Brazzaville
(according to the schedule) between
0500 and 2000-in French and various
local languages. Not an easy one to
log by any means on the regular 4843
channel, it was something of a
surprise to hear them in the clear from
2216 through to past 2230 with
typical African chants, drums and
with announcements in a vernacular,
obviously (or is it?) on extended
schedule for some particular reason.

In Upper Volta, Ouagadougou (not
surprisingly once quoted in a short
wave listener publication as ‘you
know where’) programmes mainly in
French and can often be heard after
2030 on 4815 if the co-channel
QRM allows.

SABC Johannesburg on 4875 is
often worth a visit in the late even-
ings. Often heard with light orchestra
music any time from 2030 onwards
and for some odd reason, at least in
the writer's experience, more often
with piano solos. Perhaps it is the
favourite instrument of the programme
controller!
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New Products e

TURNTABLE MOTOR

QUADRAPHONIC EARPHONES

Among the many new products in Eagle International’s
1973 hi-fi catalogue are the FF.29 four-channel head-
phones. Four 50mm transducers are carefully angled in
such a way that the effect achieved is similar to strategi-
cally-placed loudspeakers.

Using two coded jack plugs, the FF.29 is compatible
with practically all quadraphonic systems. They are also
ideally suited for use with Eagle’s own AA.26 quadra-
phonic adaptor, which will convert any stereo installation
into a 4-channel system with the addition of an extra
pair of speakers,

Brief specification:
F'requency range: 20 to 20000Hz

Impedance:

Controls:

The Micro-motors division of Matsushita Electric .
Rec retail price:

Industrial have perfected a new direct-drive motor for
use in record reproducing equipment, the MPL 10H,
now available from Symot Ltd., 17 Market Place,
Henley-on-Thames, Oxon.

It has many advantages over conventional systems,
the most important being a significant improvement in
its wow and flutter specifications due to the elimination
of all belts and pulleys and the slow rotational speed
of the motor. The claimed figures, with suitable turn-
table fitted, are: wow and flutter — less than 0.03°
WRMS; rumble - better than 60dB.

Other advantages are better speed stability through
the use of a 15 volt stabilised DC power supply which
isolates the motor from mains frequency and voltage
fluctuations.

The motor employs electronic commutition thus dis-
pensing with the problems of noise and wear associated
with the brushes. The speed change from 45 to 33} rpm
is achieved through electronic switching, removing the

8 ohms per channel

8 to 16 ohms
Stereo/4-channel switch
£16.80 (excl. VAT)

Matching impedance:

need for mechanical linkages.

INSTRUMENT CASES

Daturr Ltd. have introduced a new approach to the design of 19”
instrument cases. Instead of having conventionally removable front and
rear panels, the Daturr cases have fixed front and rear panels with the
top, bottom and side panels detachable. The front and rear panels are
made from 3mm aluminium and are joined by heavy aluminium extruded
depth sections. Daturr claims that this form of construction gives a very
strong and rigid case but also allows easy access to all parts of the case
for construction and servicing.

The steel side, top and bottom panels are double folded to make a
stiff panel which is claimed to eliminate rattles, bowing and the flimsy
appearance of many standard instrument cases. Elegant hahdles are
fitted as standard and moulded feet are supplied with bench top cases.

There are four depths and seven [ront panel heights making 28 sizes
of case in either bench top, 19” rack mounting or, if panels are not needed,
open chassis configuration. Mounting rails and mounting chassis are
available as standard and are attachable to ready drilled fixing holes.

The standard finish is Daturr blue textured acrylic stove enamel, with
the extrusions anodised. Front and rear panels are left bare for punching
and engraving.

Prices range from £12.00 to £24.00 for single items according to size.

For further information contact Daturr Ltd., Market Road, Richmond,

Surrey.
RADIO & ¥1ECTRONICS CONSTRUC TOR



WDIESTORINENEOMERS

By P. T. Jenkins

A quick look at some of the abbreviations which tend to confuse
the beginner.

HE NEWCOMER TO ELECTRONICS HAS TO OVERCOME
several hurdles before he can fully come to grips
with the subject, and not least of these is the prolifera-
tion of abbreviations which are currently in use. These
abbreviations can be very disconcerting to the beginner
who encounters them for the first time and who does not
have anyone available to explain what they mean. A
mildly complicating factor is that, so far as the home-
constructor world is concerned, there are one or two
non-engineering terms and abbreviations which have,
like Topsy, ‘just growed’ with the years.
So let’s take a look at the abbreviations which are
most frequently encountered in our hobby.

DIRECT AND ALTERNATING CURRENT

We can start right at the beginning with d.c., or direct
current, which is the sort of current you get from a
battery. Alternating current, or a.c., is the type of
current you get from your electric mains supply, and it
differs from d.c. because its polarity changes continually
so that one terminal is first positive, then negative and
then positive again.  There are some further allied
abbreviations which you’ll encounter less frequently.
These are d.v., for direct voltage, and a.v., for alter-
nating voltage. The force which causes a current to flow
in a circuit is the electromotive force, or e.m.f., and this is
measured in volts. The existence of this term explains
why voltage is often expressed in formulae by the letter
E. We often, rather loosely, use the term ‘voltage’ in-
stead of e.m.f. Potential difference, or p.d., is expressed
in volts and defines the difference in potential between
two points. In Fig. 1 we have a 3 volt battery and a 9
volt battery, both of which have their negative terminals
connected to a common line. The p.d. between their
positive terminals is 6 volts. Similarly, the p.d. between
the positive terminal of the 3 volt battery and the
common line is 3 volts.

When we turn to alternating currents and voltages we
enter a very rich field so far as abbreviations are con-
cerned. This is because all the signals encountered in
radio, from those picked up by the aerial tc those which
actuate the loudspeaker, are alternating in character.
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Fig. 1. An example illustrating the concept of
potential difference

The alternating mains supply voltage in the U.K.
changes at one terminal from positive to negative then
back to positive again 50 times a second. In consequence
we may say that the supply has a frequency of 50 cycles
per second, and this may be abbreviated to 50c/s. Some-
what tiresomely, however, it was decided in the U.K.
and America some years ago to drop the term ‘cycles
per second’ and to use the word ‘Hertz’, abbreviated
to Hz, instead. A frequency of 1Hz is the same as a
frequency of 1 cycle per second.

Alternating current frequencies which, when repro-
duced via a loudspeaker or similar device, can be
heard by the ear are referred to as the audio frequency,
or a.f., range. This range varies for different people
because some can hear higher or lower frequencies than
others, and it can be loosely defined as extending from
about 50Hz to about 20kHz, or 20,000Hz. The radio
frequency, or r.f., range encompasses all frequencies
which can be emitted by a transmitter, and at present
covers an exceptionally wide range, from lower than
10kHz to greater than 100,000MHz, or 100,000
millions of Hz. (At 1 million MHz we enter the region
of infra-red rays!)
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TABLE

STANDARD FREQUENCY RANGES

Frequency Sub-division

Frequency Range

Corresponding Wavelengths

Very low frequencies (v.1.f.)

Low Frequencies (1.f.)

Medium Frequencies (m.f.)

High frequencies (h.f.)

Very high frequencies (v.h.f.)
Ultra high frequencies (u.h.f.)
Super high frequencies (s.h.f.)
Extremely high frequencies (e.h.f.)

below 30kHz

30 to 300kHz

300 to 3,000kHz

3to 30MHz

30 to 300MHz

300to 3,000MHz
3,000 to 30,000MHz
30,000 to 300,000MHz

above 10,000 metres
10,000 to 1,000 metres
1,000 to 100 metres
100 to 10 metres

10 to 1 metres

10to 1 dm.

10to 1 cm.

10to 1 mm.

So far as domestic radios are concerned we use the
terms long waves, or |l.w., medium waves, or m.w,, and
short waves, or s.w. These are, perhaps, rather old-
fashioned because they refer to radio signals in terms of
wavelength, a practice which was prevalent in the earlier
days of radio. Nowadays, we refer in most instances to
radio signals in terms of frequency, and the accompany-
ing table shows the standard international nomen-
clature, with abbreviations, used for frequency sub-
divisions of transmitted radio signals. (As you can see,
they had to scratch around for adjectives wherd the
higher frequency bands were opened up!) The use of the
series 3, 30, 300, etc., in the frequency column may
appear a little odd until the corresponding wavelengths
are examined. These run in a more rational series of
decades of 10. (Radio signals travel at a velocity of
300 million metres per second. A 300MHz signal allows
300 million cycle ‘crests’ to pass a fixed point in one
second, whereupon the spacing between successive
‘crests’, or the wavelength of the signal, is 1 metre.
Using a similar explanation, it can be seen that a
30MHz signal has a wavelength of 10 metres, and so on.)

Transmitted sound entertainment signals are modu-
lated with the a.f. programme material it is desired to
broadcast. If the strength, or amplitude, of the r.f.
signal is so modulated, the system becomes an ampli-
tude modulation, or a.m., one. When it is the trans-
mitted frequency that is modulated, we have a [requency
modulation, or f.m., system. Simple morse transmission,
in which the transmitter sends out an unmodulated
signal when the morse key is pressed down, is known as
c.w., for *continuous wave’. This is a legacy from the
very early days of radio when only morse was employed
and where there were other, long since outmoded,
methods of producing an r.f. signal.

In a simple t.r.f., or tuned radio frequency, receiver,
the incoming r.f. signal passes through one or more
tuned circuits to the detector, which extracts the a.f.
modulation. In the more complicated superhet receiver
the incoming signal is changed to another frequency,
which is also in the r.f. range, before it is fed to the
detector. The second frequency is the intermediate
frequency, or i.f., and the tuned circuits which handle it
are known as 1.f. transformers, or i.f.t.’s.

Before World War II, a.f. signals were referred to as
low frequency, or L.f., signals, and r.f. signals as high
frequency, or h.f., signals. Although now out of date,
this practice may still be encountered occasionally.
Otherwise, ‘I.f.>"and ‘h.f." may be used as relative terms,
and we can refer, correctly, to such things as the Lf.
and h.f. ends of a band of frequencies. The abbrevi-
ations I.f. and h.l. can, also correctly, be employed
when referring to the appropriate sub-divisions in the
standard frequency range table.

226

Television gives us v.f., for video frequency. This
applies to picture information signals. A minor head-
scratcher amongst the frequency abbreviations is zero
frequency, or z.f. This apparent impossibility may be
encountered in the specification of an amplifier whose
output is proportional to the input even when the latter
is static. If the highest frequency the amplifier can
handle is, say, 10kHz, it may be stated to have a range
of ‘z.f. to 10kHz’.

OTHER ABBREVIATIONS

In valve receivers and amplifiers, the anode supply
voltage was referred to as the high tension, or h.t,,
voltage. The low tension, or Lt., voltage was that which
supplied the valve filaments, and there was also a grid
bias, or g.b., supply. Nowadays, with transistors, the
collector supply voltage is referred to as Vcc. Television
receiver picture tubes require very high voltages of the
order of 14,000 volts or more, and these are described
as extra-high tension, or e.h.t., voltages.

Toggle switches have a number of abbreviations.
Fig. 2. shows single pole single throw (s.p.s.t.), single
pole double throw (s.p.d.t.), double pole single throw
(d.p.s.t) and double pole double throw (d.p.d.t.)
switches. The term ‘changeover’ is often used instead of
‘double throw’.

Textile coverings for coil winding wire are commonly
abbreviated and, in home-constructor publications, we
find s.c.c. (single cotton covered), d.c.c. (double cotton
covered), s.s.c. (single silk covered) and:d.s.c. (double
silk covered). We are, here, living a little in the past
because most modern textile covered wires are either
s.r.c. (single rayon covered) or d.r.c. (double rayon

\ x
o ———
SPST. SPDT.

= II _\LI\.___
———
DPST. DP.DT.

Fig. 2. Four different types of toggle switch. In
the double pole types the two arms are ganged
together
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HIS TIMER USES SOLID STATE CIRCUITRY THROUGHOUT,
incorporating an i.c. operational amplifier, two
transistors and a triac. The timing capacitor is a non-
electrolytic type, giving a good resettable period as well
as a high level of long term stability. A triac is used to
control the enlarger lamp in preference to a relay, as it
has the advantages of instantaneous operation, small
size and no moving parts to wear out.

TIMING PERIOD

By adjusting the value of the timing capacitor, the
timing range of the unit can be varied widely. The proto-
type uses a 0.22uF capacitor which gives a timing range
of approximately 0 to 55 seconds. Some photographers
may prefer a higher maximum time than this, and by
changing the value of this component to 0.47uF a
maximum timing period of 90 to 95 seconds is obtained.

An internal stabilized power supply unit is incorporat-
ed and this uses an inexpensive 6.3 volt heater trans-
former. The completed unit is housed in a home-built
cabinet.

The circuit of the timer is given in Fig. 1, and that of
the power supply unit in Fig. 2. The output from the
supply unit is 12 volts regulated.

+ 12V stabilized

R4 Rs
TR
2N2926Y
""“'
E-SAl Ra
W =
i R3Z
‘ERI C W
TRy
2N2219
N
Dot or
ropve
N grog ve 14 8
Py b ’/N\ ~
AT
9 \°00)
[
; A2 [ 7
2N2219 2N5756 2N2926Y ML74IC
Lead-outs \qd-outs Lead-outs Top view

Fig. 1. The circuit of the timer section of the unit
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Incorporating an integrated circuit,
two transistors and a triac, the timer
described here offers continuously
variable timing periods for the control
of an enlarger lamp.

COMPONENTS
Resistors

(All fixed values } watt 5% unless otherwise stated.)
R1 2.4kQ

R2 4.3k

R3 2.2kQ

R4 2.2kQ

RS 390Q

R6 220Q

R7 100Q § watt

VR1 10kQ potentiometer, linear, carbon or {
wire-wound

Capacitors

Cl 0.22uF, plastic foil (see text)

C2 SOuF electrolytic, 15 V.Wkg.

C3 125uF electrolytic, 10 V.Wkg.

4 125 F electrolytic, 10 V. Wkg.

Transformer
Tl 6.3V heater transformer (see text)

Semiconductors
TR1 2926 Yellow
TR2 2N2219
DI, D2 Silicon rectifiers, 50 P.LV., 250mA

minimum
D3 Zener diode, 12V IW, 59,
Integrated circuit type ML741C or equivalent
Triac type 2N5756 (R.C.A)
Switches
S1 s.p.d.t. toggle
S2 s.p.s.t. toggle

S3 d.p.s.t. toggle

Miscellaneous
1 knob and cursor
Veroboard, 0.1in. matrix (see Fig. 4)
S-way tagstrip
3-way tagstrip
Insulated tag
Material for case and panel

Cover Feature
= = o
by R. A. Penfold
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Fig. 2. The power supply circuit
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The interior of the timer housing. The Veroboard
assembly is to the left of the transformer

Referring to Fig. 1, when S! is set to the left-hand
position timing capacitor C1 will charge with negligible
delay to the voltage given on the slider of VRI.

The ML741C integrated circuit is wired as a unity
gain voltage follower. Being an operational amplifier it
has two inputs, an inverting and a non-inverting one. In
this configuration the inverting input is connected to the
output, thus giving 1009, negative feedback. This means
that the circuit will have unity voltage gain, with a very
high input impedance and a low output impedance.

TR and TR2 are connected as a trigger circuit. When
there is a low voltage with respect to the negative line at
TR1 base this transistor is turned off and TR2 is turned
hard on. A very low voltage is therefore present at the
gate of the triac and it is, in consequence, turned off.
The enlarger lamp does not light.

If S1 is now set to the right-hand position the charged
capacitor becomes connected across the input of the
integrated circuit. The output of the i.c. swings to the
same voltage as that across Cl and trips the trigger
circuit. TR1 now turns on and TR2 turns off. The volt-
age at the gate of the triac swings to a high level, the
device switches on and the enlarger lamp lights.

C1 next begins to discharge into the integrated circuit,
but this has an input impedance of many megohms and
Cl1 discharges very slowly. Eventually, the voltage
across Cl and, therefore, that at the input of the trigger
circuit falls to the level at which the trigger turns off,
causing the triac to switch off and the enlarger lamp to
extinguish.

The time taken for the timing capacitor to discharge
to a point where the lamp turns off depends on the
voltage set on the capacitor by VR1. If it has a voltage
set on it which is only fractionally above that at which
the trigger operates, the time will be only a fraction of a
second. If, on the other hand, the capacitor is given the
full supply voltage, nearly a minute will elapse before
the end of the timing period. The length of the timing
period is, in consequence, set up by VR1

To start the timing period again it is merely necessary
to switch S1 back to the left-hand position, readjust the
setting of VRI if a different timing period is required,
and then switch S1 back to the right-hand position.
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Switch S2 turns the enlarger lamp on and off in-
dependently of the rest of the circuit, and enables the
enlarger to be focused. C2 is the supply bypass capacitor
and is an essential component. Without it there may be
spurious flashes from the enlarger lamp. It is also
possible for the input wiring to the integrated circuit to
pick up mains hum when S1 is in the left-hand position,
resulting in the lamp being lit at half-brilliance. This is
due to positive half-cycles of the mains voltage coupling

¢ to thei.c. input, and will not be evident if mains wiring
is kept well clear of the i.c. input and of the wiring to S1.

The enlarger lamp controlled by the prototype had a
wattage of 75 watts. Circuit operation with more
powerful lamps has not been checked.

POWER SUPPLY UNIT

The timer circuit could be battery operated but, since
a mains supply is already present in the circuit it would
seem more practical to use a mains supply unit. The
circuit of the supply unit appears in Fig. 2. A stabilized
supply must be used since fluctuations in the supply
voltage would result in variations of the timing period.

T1 is a 6.3 volt heater transformer, the output from
which is taken to the voltage doubling circuit given by
DI, D2, C3 and C4. Examination of this circuit will
show that it consists of two half-wave circuits of oppo-
site polarity, the rectified voltages across the reservoir
capacitors, C3 and C4, being added in series to obtain
the required voltage doubling. R7 and zener diode D3
cause the output to be stabilized at a nominal 12 volts.

COMPONENTS

The 6.3 volt heater transformer used in the power
supply section may be any small component having a
6.3 volt secondary rated at | amp or more, such as the
Home Radio Cat. No. TH5B. The component used in
the prototype was a non-standard type. The diodes DI
and D2 can be any silicon rectifiers with a p.i.v. of 50
volts or more and a minimum forward current rating of
250mA. Types 1N4002 would be a suitable choice. The
zener diode may be a Mullard BZX61/C12.

The integrated circuit used by the author was an
ML741C. Any 741 op-amp in 14 pin dual-in-line may be
employed here. It is possible that different specimens of
op-amp may offer varying discharge currents for the
timing capacitor, with the result that the timing periods
given may vary from those obtained by the author.
Should this occur the value of capacitor C1' may need
to be altered accordingly. The component used here
should be a good quality plastic foil capacitor.

The 2N5756 triac may be obtained from Arrow
Electronics Ltd., 7 Coptfold Road, Brentwood, Essex.

Finally, it is necessary to provide VR1 with a cursor
to indicate its position on the scale. This may be a home-
made Perspex item, which is fixed with adhesive to the
back of the knob fitted to this potentiometer. Alterna-
tively, a large pointer knob can be employed.

CONSTRUCTION

A home-made cabinet, constructed from hardboard
with an insulated front panel is used to house the unit.
Before making the cabinet ensure that there is room
inside an internal width of 5%in. to take the particular
heater transformer to be employed, two }in. square
battens and a piece of Veroboard about 1.2in. wide. If
the transformer happens to be bulky it may be preferable
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COMPONENTS
Resistors

(All fixed values } watt 5% unless otherwise stated.)
R1 2.4kQ

R2 4.3k

R3 2.2kQ

R4 2.2kQ

RS 3900

R6 220Q

R7 100Q $ watt

VRI 10kQ2 potentiometer, linear, carbon or

wire-wound

Capacitors

Cl 0.22uF, plastic foil (see text)

C2 SOuF electrolytic, 15 V.Wkg.

C3 125uF electrolytic, 10 V.Wkg.

C4 125uF electrolytic, 10 V.Wkg.
Transformer

Tl 6.3V heater transformer (see¢ text)
Semiconductors

TRI 2926 Yellow
TR2 2N2219
D1, D2 Silicon rectifiers, 50 P.1.V., 250mA

minimum
D3 Zener diode, 12 V 1W, 59,
Integrated circuit type ML741C or equivalent
Triac type 2N5756 (R.C.A)
Switches
S1 s.p.d.t. toggle
S2 s.p.s.t. toggle
S3 d.p.s.t. toggle

Miscellaneous
1 knob and cursor
Veroboard, 0.1in. matrix (see Fig. 4)
5-way tagstrip
3-way tagstrip
Insulated tag
Material for case and panel
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Fig. 2. The power supply circuit
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HIS TIMER USES SOLID STATE CIRCUITRY THROUGHOUT,
incorporating an i.c. operational amplifier, two
transistors and a triac. The timing capacitor is a non-
electrolytic type, giving a good resettable period as well
as a high level of long term stability. A triac is used to
control the enlarger lamp in preference to a relay, as it
has the advantages of instantaneous operation, small
size and no moving parts to wear out.

TIMING PERIOD

By adjusting the value of the timing capacitor, the
timing range of the unit can be varied widely. The proto-
type uses a 0.22uF capacitor which gives a timing range
of approximately 0 to 55 seconds. Some photographers
may prefer a higher maximum time than this, and by
changing the value of this component to 0.47uF a
maximum timing period of 90 to 95 seconds is obtained.

An internal stabilized power supply unit is incorporat-
ed and this uses an inexpensive 6.3 volt heater trans-
former. The completed unit is housed in a home-built
cabinet.

The circuit of the timer is given in Fig. 1, and that of
the power supply unit in Fig. 2. The output from the
supply unit ts 12 volts regulated.

+ 12V stabilized

i
R4 Rs
TRy
2N2926Y C2 £ Lamp
o T
YYYy

3 g 2N5756

1 ML74IC | R

: R3S

A /

TR,
2N2219
N
Dot or
roove
. Al s 2 :
e ) \
9 {°59)
<
| A2 [ 7

2N2219 2N5756 2N2926Y ML741C
Lead-outs | ¢ad-outs Lead-outs Top view

Fig. 1. The circuit of the timer section of the unit
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covered). For normal home constructor applications
either s.c.c., $.5.C. or s.r.c. wire can be used when any one
of these three is specified. Similarly, d.c.c., d.s.c. or d.r.c.
wire can be used when any one of these three is called
for. Another anomaly in the home-constructor world is
the use of the word ‘Paxolin’. This is actually an out-
dated trade-name for the product, and an engineer
would refer to the material by the far less euphonious
initials s.r.b.p. These stand for synthetic resin bonded
paper.

The letters p. and n. -used for transistors do not
represent abbreviations but refer to types of semi-
conductor material. Material of the p. type has positive
mobile charges and material of the n. type has negative
mobile charges. Transistor small signal current transfer
ratio (current gain) in the common emitter mode with
the output short-circuited is known as hfe. The current
gain for the same mode under d.c. conditions (i.e.
collector current divided by base current) is hFE.
Transistors have a constant hfe at low frequencies, and
this starts to fall as frequency increases above a certain
point. The frequency at which the transistor hfe falls to
3 decibels below its low frequency figure is referred to as
fhfe. We don’t meet fhfe very often but we do meet fT.

The term fT is equal to fhfe multiplied by the low
frequency hfe figure. For approximate work, fT can be
iooked upon as the frequency at which hfe falls to 1.

We had to introduce decibels in the last paragraph,
and these are abbreviated to db or dB. Decibels
represent a ratio, and the fall of 3db just mentioned
corresponds to a drop in current of 309,

There are still several of the more common abbrevi-
ations outstanding, so let’s finish with a few more
taken at random. Automatic gain control, or a.g.c., is
a system which keeps the output of a receiver or
amplifier nearly constant despite changes in input
signal level. With earlier sound radio receivers, this
used to be known as automatic volume control, or a.v.c.
The letters r.m.s. stand for ‘root mean square’, and
apply to alternating currents or voltages. The r.m.s.
value of an alternating current or voltage is the same
as that of a direct current or voltage which produces an
equal amount of heating in a resistive load. With meters
we encounter f.s.d.,, which stands for full-scale de-
flection, as is given when the needle points to the highest
figure on the scale.

Finally there is the immortal Tommy Handley’s
‘t.t.f.n.”. Which stands, of course, for Ta-Ta For Now!

Product Review— RINGBOARD’
PRINTED CIRCUITS

‘TD ING BOARD’ PRINTED CIRCUITS REPRESENT A NEW

approach to the transference of a theoretical
electronic circuit to its practical equivalent on a printed
board. One of the accompanying illustrations shows the
copper pattern which is employed, whilst the other shows
an electronic assembly wired up on a ‘Ring Board’.

It will be seen that a basic aspect of the printed board
is"the provision of a number of circles, or rings, each
being pierced with four holes for component lead-outs.
The rings are intended to provide common connections
where these are called for in a circuit. To take an
example, the base of an amplifying transistor in the
common emitter mode may have connected to it a
coupling capacitor, an upper bias resistor and a lower
bias resistor. One ring can accommodate all these four
connections. Neighbouring rings take further points of

wrmaBoans

080 0B8R0

The copper pattern employed in a ‘Ring Board’
printed circuit

NOVEMBER 1973

A circuit assembled on a ‘Ring Board'. The copper
pattern is visible through the glass fibre printed
circuit base

-common connection, and so on until the complete
circuit is laid out on the board.

Further provided are smaller rings with single holes
near the edges of the board. Pins can be fitted to these
for external connection to potentiometers, inputs, out-
puts and the like. There are also two large conducting
areas, one of these being the rectangular area at the
centre. The other is the area which surrounds this and
all the rings. These two areas carry the supply for the
circuit.

The boards can be cut along the dashed lines to make
half-boards or quarter-boards. The insulating material
is fibre glass, which enables the printed pattern to be
observed from the component side. The boards are
currently available from Ring Board Printed Circuits,
259 Chesterfield Road, Sheffield, S8 ORT.
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Fig. 3(a). The sides, base and
top of the case are made of
hardboard. Dimensions are
discussed in the text
(b). The front panel. This
should be made of Paxolin or
a similar insulating material

\

4 pieces 2% 2 37"

(a)

to slightly increase the 53in. width indicated in Fig. 3(b)
accordingly.

Details of the case sides, top and bottom are given in
Fig. 3(a), and the first step is to make these up. They are
then glued to four } by 4in.-corner pieces which are each
3%in. long. The corner pieces are }in. shorter than the
hardboard panels, thereby enabling the front panel to be
slightly recessed into the cabinet. The internal width and
height of the cabinet should be just slightly in excess
of 5% and 3#in. respectively in order to allow the front
panel to be a comfortable fit. The front panel is secured
with four countersunk wood screws passed through into
the corner pieces.

The rear panel, which is not shown in Fig. 3, is made
from hardboard and is fastened to the rear of the case in
similar manner. Its width and height may be slightly less
than the outside width and height of the case.

The front panel should be made from an insulating
material such as Paxolin, and it is cut out as indicated in
Fig. 3(b). The prototype employed an aluminium panel
but, due to the small clearances in potentiometer VR 1
and the fact that its track is virtually at mains potential,
it is considered that an insulated panel would be better
from the point of view of safety.

The main circuit is assembled on a piece of Vero-
board of 0.1in. matrix, this having 25 by 11 holes, with
the copper strips running lengthwise. The board
assembly, shown from the components side, appears in
Fig. 4. Before mounting any components the copper
strips should be cut at the points indicated in the dia-
gram, and the two mounting holes drilled for 8BA
clearance. ’

In the prototype the i.c. was not mounted in a holder,
but a holder (such as that available from Henry’s Radio)
whose pins have the same spacing as the i.c. pins could
be employed if desired. When the i.c. is mounted direct,
due care not to damage this component through over-
heating should be taken when soldering it into circuit.
The three link wires are of thin gauge, and they should
be insulated to prevent accidental short-circuits.

Since the mains is connected to the board any
mistakes in the assembly here could prove disastrous,
and wiring, connections and breaks in the copper strip
should be double-checked to ensure that all is correct.
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It is also necessary to check that no adjacent copper
strips are short-circuited together by blobs of excess
solder. Thin resin-cored solder and a small iron are
essential for wiring up the board.

When completed, the board is mounted to the right of
the case bottom, as seen from the front. Its length is
from front to rear, the end with the i.c. being to the front.
Flying leads connect to S1, S2, VR, the mains neutral
lead, the lamp and, when it is fitted, the power supply
output. All these connections are as indicated in the
circuit diagram of Fig. 1. The board is spaced away from
the bottom surface of the case by suitable insulated
pillars.

The 8BA mounting bolts should be countersunk
types, with their heads recessed on the outside of the
case. These heads should be covered with Araldite or a

Drill 8BA clear

+12v

4y
5 R

fofo odo
|
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o o)Jo ofo olo
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jG#4=—3~6 0 0 0 000 000 Smpe_yp
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Drifl 8BA clear 2N5756 =

-
Direction of strips

X - strip cut

Fig. 4. The Veroboard assembly, as seen from the
components side
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similar epoxy adhesive to ensure that they cannot be
touched.

There should be ample space for the power supply
components on the left hand side of the case, also as
seen from the front. The components, apart of course
from the transformer, are mounted on a 5-way tagstrip,
as illustrated in Fig. 5. This tagstrip is screwed to the
4 by #in. wooden runner alongside the transformer. A
3-way tagstrip screwed to the § by jin. runner at the
right anchors the mains input lead. The lead to the lamp
picks up its live connection from S3, and its neutral,
switched, connection from the appropriate flying lead
from the Veroboard panel. A 1-way insulated tag may
be used to accommodate this connection.

=T sec

Fig. 5. Apart from the transformer, all the power
supply components are wired on a small tag-
strip, as shown here

CALIBRATION

Calibration of the timer is rather a long process, but
there is no short-cut here. Initially check the longest
timing period given, this occurring when the slider of
VRI1 is at the end of its track which connects to the
positive supply. If this is of the order of 50 to 60 seconds
then C1 has the appropriate value for operation with
the specific integrated circuit employed. If the timing
period is too long C1 may be reduced in value and if it is
too short C1 may be increased in value. It is doubtful
whether such changes in value will be required, but they
are mentioned for the sake of completeness. As was
stated at the beginning of this article, Cl may have been
given a value of 0.47uF to obtain a timing period of
some 90 to 95 seconds, and the same remarks concerning
adjustment of its value, if necessary, still apply.

When satisfied with the overall timing period, a scale
can be made up, the main calibration points being found
by trial and error. These periods are checked against
another timer, a stop-watch or a watch having a sweep
second hand. Intermediate calibration points can then
be estimated and marked in.

The scale should be made as large as possible to
obtain the highest accuracy. b
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OM LIGHT
AY

by M. Smith

How to obtain independent flashing with any number of mains
lamps.

N A PREVIOUS ISSUE A RANDOM FLASHING LIGHT DISPLAY

was described which incorporated four bimetallic or
‘flasher’ light bulbs.* The bulbs employed were the
small 6 voit types which are intended to function as
flasher lamips for Christmas tree lights.

A greater light intensity can be obtained by using
mains lamps for the actual display, these being control-
led by the low voltage bimetallic bulbs. The only extra
parts required are a triac of suitable rating for each
mains lamp and a power supply for the low voltage
bulbs.

THE CIRCUIT

The circuit for a single flasher unit is shown in Fig. [,
The mains lamp, LP2, and the triac are wired across the
mains supply in series, and the triac gate is connected to
the flasher bulb LPI. The power supply can be a large
6 volt dry battery or accumulator, as in Fig. 2(a), or the
secondary of a 6.3 volt heater transformer, as shown in
Fig. 2(b).

The operation of the circuit is quite simple. The
effective resistance between the gate and Main Terminal
1 of the triac is quite low and, when the flasher bulb is
alight, almost all the low supply voltage appears across
the bulb. The bulb current flows between the gate and

* D, P. Newton, B.Sc., ‘Electric Art Mobile’, Radio &
Electronics Construcror, October 1972.

LPy
e
Flasher mains
-] lamp ok
6V supply

Fig. 1. Single lamp control circuit. The mains
lamp becomes illuminated when the flasher bulb

lights up
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5. L

.

(a) (b)

6-3V

Fig. 2 (a). The 6 voit supply for the flasher lamp
may be provided by a large dry
battery or accumulator
(b). An alternative supply is given by the
6.3 volt secondary of a mains trans-
former

the Main Terminal 1, causing the triac to conduct and
to turn on the mains lamp LP2. When the Nasher bulb is
alight its bimetatlic strip heats up and, alter a period, the
bulb turns off and becomes open-circuit. The gate
current in the triac then ceases to flow and it becomes
non-conductive, causing the mains lamp LP2 to be
extinguished.

As the flasher bulb cools its bimetallic strip once more
makes contact and it lights up again. The triac is once
more triggered on and the mains bulb illuminated. The
overall effect is that the mains bulb flashes on and off
‘in phase’ with the small flasher bulb.

THE DISPLAY

If a stud-mounted-triac is employed, the flasher bulb
may be mounted and connected to it in the manner
shown in Fig. 3. Alternatively, the flasher bulb can be
fitted to a normal bulb-holder and wired up in conven-
tional manner. It must be remembered that the Main
Terminal 2 of the triac is at mains live potential when
the flasher bulb is off and at mains peutral potential
when the flasher bulb is on. The triac must, in conse-
quence, be mounted on a suitable insulating material.

Several flasher bulb and triac units can be used
together, as illustrated in Fig. 4, to give a visual
‘psychodelic’ display. The four main lamps will turn on
and ofl in random manner, independent of each other.
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Flasher bulb /
— {
l?] MT,
P
Tinned copper wire ~ . . .
Fig. 3. If desired, each flasher bulb can be
secured lo the gate terminal of its triac in the
‘ Tri manner shown here
il _____ Triac

/ = B

/ = MT3

/

Lead soldered to bulb tip
LPoa C@D LP,g LPyc LPyp
aL
) } 2 > ) AC. mains
Fig. 4. Any number of light Unit A N
control circuit units may be f
employed. Here, Units B, C Unit B Unit C
and D have the same internal
circuit as Unit A. A single low
voltage supply feeds all the 3] LPia ! 3| 3
units J
V-
N A"
]
6V supply

Lights are mounted on
reflective back board

‘Front 'sculpturc'
transtucent and opaque

Translucent screen with
holes for filters

Fig. 5. Presentation of the

display depends on individual

taste. The basics of the

author’s display are illus-
trated here
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The ‘6 volt supply should have a current capability of
500mA per unit. Thus, when there are four units, as in
Fig. 4, the 6 volt supply should be rated at 2 amps or
more.

The triacs used by the author were surplus types. A
stud-mounting type suitable for controlling lamps up to
100 watts is the SC35D, available from Henry's Radio
Ltd. This triac is rated at 400 volts and a current of 3
amps. A large safety margin is desirable if the device is’
used, as here, without a heat sink.

The main lamps can be coloured, or filters can be
placed in front of them. As each lamp flashes independ-
ently the colour pattern will change. Further effects can
be obtained by using patterned screens, mirrors and
moulded translucent plastics.

The author employed 40 watt lamps and these pro-
vide ample illumination for a display measuring | metre
by 1 metre by $ metre deep. Anidea of what can be made
up is given in Fig. S. Readers will doubtless have their
own ideas here.

The circuitry involved is simple, yet the results are
quite effective and the variations of display techniques
limitless. An important point is that all the components
in the control units, together with the flasher bult
supply, are at mains potential, and they must be mount-
ed in a suitable case which ensures that there is no risk
of accidental shock.

The 6 volt flasher bulbs are available from any
electrical suppliers, including Halford’s stores, and are
sold, on individual cards, as 6 volt flasher lamps for
Christmas tree lights.
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By Recorder

ANY THINGS, INCLUDING MY

- Uncle Herbert’s stint in the
Home Guard, are claimed to have been
instrumental in winning World War II,
and one contender for this distinction
which merits a high level of credibility
is the plastic, polythene. It has been
said that had not polythene, or to give
it its more correct name, polyethylene
been made available in adequate
quantities during the early part of the
War we might not have had an insula-
tion sufficiently efficient to withstand
the very high voltages appearing in
airborne radar equipment.

Be that as it may, and returning to
more peaceful fields, it is an undeniable
fact that, without polythene and all the
other plastics, the whole world of
electronics would have foundered in its
own complexities decades ago. (And
that last sentence shows that I can mix
metaphors with the best of them.)

PLASTIC FOIL CAPACITORS

These thoughts are prompted by a
recent reader’s query to this office
asking advice concerning the type of
capacitor ta use when a ‘plastic foil’
component is specified in a Com-
ponents List.

This query raised a few nostalgic
memories in my mind and I dug out
some old copies of The Radio Con-
structor for the years of 1954 and 1955
to see what types of capacitor we were
specifying then for values of around
0.005 to 0.5wF. We used to call them
‘condensers’ in those days and, as old
hands will have already guessed,
capacitors of these values were called
up as paper types. The dielectric was,
of course, wax impregnated paper.

Nowadays, the paper capacitor has
been very largely superseded by
capacitors having plastic dielectrics.
One of the most prominent of these is
polyester and this appears in polyester
foil capacitors and in metallised foil
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timer i.c. and associated controls. These provide a radio alarm and
automatic switching of parking and head lights

capacitors. Polycarbonate is a more
recent arrival, and polycarbonate
capacitors are capable of squeezing a
relatively high capacitance value into
quite a small package.

The paper capacitor has not entirely
disappeared from the scene and there
are quite a few perfectly good paper
capacitors in the ‘tubular’ style still
knocking around. An interesting con-
tinued use for paper is given in ‘mixed-
dielectric’ capacitors. These have a
mixed paper and polyester dielectric,
thereby conferring on the paper the
advantages given by polyester. One
supplier of mixed-dielectric capacitors
is R.S. Components, who list a range
for these components of 0.00IuF to
0.47uF.

Another capacitor using plastic
dielectric is the polystyrene capacitor.
Polystyrene capacitors have the famil-
iar rolled construction with a lead-out
at each end, offer a very high insulation
resistance and are particularly good in
r.f. circuits. They can be obtained in
values as low as 10pF and as high as
0.01pF. In general, polystyrene capaci-
tors are bulkier than polyester, metal-
lised foil or mixed-dielectric capacitors
of the same value and, because of this,
would not normally be used in circuits
in which either of the other types
could be employed.

In consequence, and returning to
the reader’s query which started off
these notes, the general term ‘plastic
foil capacitor’ can be considered as
applying to a polyester, a metallised
polyester foil or a mixed-dielectric
type. Unless otherwise specified, any
one of these capacitors types can be
employed. Polycarbonate capacitors
are more frequently employed in the

The Elremco LR171E dual-

in-line integrated circuit. This

functions as a comprehensive

timing device, offering timing

periods from 5 milliseconds
up to 4,000 hours

home-constructor sphere where higher
values, of the order of 0.47uF to
15uF, are required.

I.C. TIMER

One of the accompanying photo-
graphs shows the new Elremco inte~
grated circuit timer type LRI171E.
This device, in a standard 14 pin dual-
in-line package, is available from
Electrical Remote Control Company
Limited, P.O. Box 10, Bush Fair,
Harlow, Essex, CM18 61.Z, and offers
timing periods from 5 milliseconds up
to 4,000 hours.

This exceptionally wide range of
timing periods is achieved by a
combination of analogue and digital
techniques. The i.c. incorporates an
RC oscillator running with an external
timing resistor and capacitor, the
output of which is coupled to a 12-
stage binary counter. The latter offers
arun of 2 to the power of 12, or 4,096,
and the controlled circuit is operated
when the RC oscillator has passed
through this number of cycles. The
outputs of the ninth, tenth and eleventh
dividers are also brought out to pins,
and these allow separate timed outputs
to be given at one eighth, one quarter
and one half of the full period. The
device is compatible with t.t.1., and
can drive thyristors and triacs directly.

The chip includes a digital to
analogue converter and its own supply
regulator. The converter enables a
0-1mA meter to be coupled to the
device, this giving alinear indication of
the amount of time elapsed, with ImA
corresponding to the end of the timing
period. The regulator allows a wide
variety of supplies to be employed.
These range from operation with a
standard d.c. supply to operation
direct from the 240 volt a.c. mains via
a half-wave diode rectifier, a smoothing
capacitor and a series resistor. Supply
current is typically 5mA plus the
current required to operate external
controlled devices.

It is estimated that the timer, which
employs the Ferranti C.D.I. (Collector
Diffusion Integration) process, has a
large number of applications in the
domestic field as well as in industry.
The i.c. also has many uses in the car,
and the second photograph illustrates
a car radio/cassette player incorporat-
ing an LRI71E function switch and
time setting control. These provide
controls for radio alarm and for such
things as 24 hour ¢ontrol, both switch-
ing on and off, of parking lights. |l
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FOR DX LISTENERS

Times =GMT

Radio Pakistan operates on several differing short
wave outlets but one that may interest some Dxers
is that on a measured 6257 (47.94 metres) where it
may be heard at 1800 with a newscast in English until
sign-off (no National Anthem) at {810. The channel
however is a difficult one with attendant QRM from
OYE 21 Schulungsender on 6255 (47.96m).

Radio Bangladesh can be heard on the LF bands on
4890 (61.35m) where we recently logged them at 2033
radiating the Bengali Service until 2059 when station
identification was given in English as “This is the
Overseas Service of Radio Bangladesh™, this being
followed by a newscast in English until 2109. The
schedule in English is

CURRENT SCHEDULES

©® BANGLADESH

From 0230 to 0300 on 11650 (25.75m) and on 15520
(19.33m); from 1230 to 1300 on 15455 (19.41m) and
17690 (16.96m) although we recently measured this
latter channel as 17691.5. From 1845 to 1900 and from
2100 to 2200 on 4890 (61.35m) and on 9495 (31.59m).

& AUSTRALIA

Radio Australia radiates a programme in English for
the U.K. and Europe from 0645 to 0745 on 9570
(31.35m) and on 11765 (25.50m).

& CANADA

Programmes in English from Radio Canada Inter-
national for Europe are broadcast daily {rom 0700 to
0730 on 6125 (48.97m) and on 9655 (31.07m); from
1217 to 1315 on 15325 (19.57m) and on 17820 (16.83m);
from 1515 to 1522 (Newscast) on 15325, 17820 and on
21595 (13.89m); from 2115 to 2158 on 11845 (25.32m),
15325, and on 17820 (Saturday and Sunday from 2100
to 2158).

@ NETHERLANDS

The weekdays English transmissions from Radio
Nederland to Europe is as follows - from 0930 to 1050
on 6045 (49.62m) and on 7210 (41.60m); from 1830 to
1950 on 6020 (49.83m), 6085 (49.30m) all the foregoing
from Lopik, and on 11730 (25.57m) from Bonaire,
Netherlands Antilles, commencing 4th November.

On Sundays, the “Happy Station Programme”,
in English to Europe from 0930 to 1050 on 6020, 6045
and on 7210; from 1400 to 1520 on 6020; trom 1830
to 1950 on 6020 and on 6085.

& WINDWARD ISLANDS
Radio Grenada can be heard with a programme for
the U.K. from 1945 to 2130 on 15105 (19.86m).
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@ KUWAIT
Radio Kuwait radiates a programme in the English
Service {rom 1630 to 1900 on 15415 (19.46m).

@ NORTH KOREA

Radio Pyongyang transmits a number of schedules in
English but that directed to Europe is from 2000 to
2200 on 6576 (45.62m) and on 11535 (26.00m).

©® GHANA

“The External Service of Radio Ghana — The Voice
of the Revolution” may be heard in English for Europe
from 2045 to 2215 on 9545 (31.43m) and on 15285
(19.62m). )

Accra can also be heard in English to East Africa
from 1400 to 1430 on 15285 (19.62m); to West Africa
from 1400 to 2215 on 6130 (48.93m); from 1445 to
1530 on 15285, 21545 (13.92m) and on 21720 (13.81m)
to Central, South and East Africa and Australasia;
from 1645 to 1730 on 15285 to East Africa; from 1815 to
1900 on 15285 to East Africa and from 2000 to 2100 on
11850 (25.31m) to North America and the Caribbean.

& CAMEROON
Radio Buea radiates a programme in English from
2030 to 2200 on 3970 (75.56m).

@® UNITED ARAB AMIRATES
For those who wish to log the United Arab Amirates
(programmes in Arabic) tune to 9620 (31.18m) from 1930
to 1950 (for instance) for a newscast from Abu Dhabi.
Or try 6040 (49.66m) from 2030 to 2040 for a newscast
from Radio Dubai.

AROUND THE DIAL
Migrating to the ISMHz band you may log -

© WINDWARD ISLANDS

Radio Grenada (see Current Schedules) on 15105
(19.86m) heard here at 2120 with ‘pops’, commercials,
station identification and sign-off at 2130, no National
Anthem,

@® BRAZIL

PRB23 Radio Panamericana, Sao Paulo, with sports
commentary in Portuguese and station identification at
2216, on 15135 (19.82m). In a recent issue of a contin-
ental SWL publication (and likely to be copied else-
where) this station has been listed as being inactive on
this channel, which statement does not agree with
my observations —a not unusual occurrence!

RADIO & ELECTRONICS CONSTRUCTOR



ZYR216 Radio Clube Ribeirao, Preto, at 2118 with
the almiost inevitable sports commentary (listen on
Sunday evenings for them) on a measured 15416
(19.46m).

® GHANA
Accra with African songs and music (to East Africa
see Current Schedules) at 1821 on 15285 (19.62m).

@ KUWAIT

Radio Kuwait at 1858 on 15415 (19.46m) with
identification after the programme in English and sign-
off at 1901. (See Current Schedules).

11IMHz BAND
Emigrating to this band you will probably hear

@® NORTH KOREA

Radio Pyongyang on 11535 (26.00m) at 1957 with
identification “Ici Pyongyang” and closing announce-
ments in the French programme. Identification in
English at 2000, National Anthem, programme review,
newscast and feature programmes in the English Service
(see Current Schedules).

@ INDIA

All India Radio, Delhi, in the General Overseas
Service at 1900 on 11620 (25.81m) with the news in
English till 1905, station identification then feature
programmes.

@® TUNISIA
Tunis with Arabic music and songs, ideal for those
with tape recorder, at 1938 on 11970 (25.06m).

@ PAKISTAN

Radio Pakistan at 2030 on 11860 (25.29m) with
identification *‘Ici Radio Pakistan’ after local music
programme.

@ CHINA

Radio Peking at 2047 on 11445 (26.21m) with a talk in
the German programme. Also on 11515 (26.05m) at
1830 with sign-on, “East is Red", then into Arabic till
sign-off at 1923.

® W. GERMANY

Deutsche Welle at 2000 on 11785 (25.45m) with the
news in English to Africa till 2018, into French at 2020
after identification.

10MHz BAND
Contemplating this portion of the dial you can log -

@® IRAQ
Baghdad at 1946 on a measured 9737 (30.81m) with
a newscast in English and a talk about Cambodian

affairs.

@ ISRAEL

Tel Aviv at 2031 on 9785 (30.65m) with a talk on the
housing problem in Israel and views of tourists on life
in that country.

@ INDIA
AIR Delhi at 2000 on 9525 (31.49m) with the world
news in English after identification.

NOVEMBER 1973

# CLANDESTINE

*“Voice of the People from the Heart of the Arabian
Peninsular™ at 1830 on 9573 (31.33m) with harangue in
Arabic, local music at 1832 then further tirade at 1834,

18MHz BAND
Elevating up to.here, the following were observed —

@ CZECHOSLAVAKIA

Prague at 1815 on 17840 (16.81m) with a programme
in English to Africa and Asia about African affairs in
general.

® ECUADOR

HCJB Quito at 2035 on 17850 (16.80m) with a pro-
gramme in English, identification at 2045 then into
French, in parallel on 11730 (25.57m) and 15300
(19.60m).

@ ALGERIA
Algiers at 2050 on 17790 (16.86m) with a programme
of Arabic songs and music.

@ CANADA
Sackville at 1220 and at 2045 on 17820 (16.83m) with
the world news in English.

SMHz BAND
Exacerbating though the band may be, it does, and
can, produce some of the best Dx in the business -

@® FRENCH GUYANA
Cayenne at 0149 on 4972 (60.33m) with a local
musical programme and announcements in French.

@ SINGAPORE
Singapore at 2224 on 5010 (59.88m) with light orches-
tral music (often heard atter Garoua closes at 2200).

@ SRI LANKA

Colombo at 1822 on 4902 (61.19m) with continuous
chanting by Buddhist monks in special all-night service
operated on full moon day.

@& REUNION ISLAND
St. Denis at 1742 on 4807.5 (62.40m) with piano
music, male and female announcers in French.

® S. YEMEN
Aden at 1846 on 5060 (59.28m) with Arabic music

and songs, into talk at 1850.

® HONDURAS REPUBLIC

HRPL3 Radio Progresso at 0137 with typical LA
music and songs, station identification at 0140 during
programme announcement on 4920 (60.98m).

@ CHINA

Location uncertain but listed Fukien, at 2020 on 4840
(61.98m) male and female alternately in Chinese.
According to schedule, not on this channel at this time!

@ MALAYSIA
Kajang at 2203 on 4845 (61.91m) with talk in Tamil,
Indian-type songs and music at 2205.

@® N. VIETNAM
Hanoi at 2212 on 4892 (61.32m) with gymnastic
exercises set to music.
237



AUDIO SIGNAL
GENERATOR

By M. G. Lewis

An ingenious Wien bridge a.f. signal generator in which amplifier
gain is maintained at the requisite level by an automatic gain
control circuit. Frequency coverage is from around 10Hz to 73kHz.

ECOND TO A MULTIMETER THE MOST USEFUL PIECE OF

test equipment for the radio enthusiast is probably
the signal generator. The r.f. signal generator can
consist of little more than a tuned circuit oscillator and
it can give excellent performance due to the inherent
filtering action of the high-Q tuned circuit. A good
audio generator is not so easily constructed. The simple
circuits such as the blocking oscillator and the multi-
vibrator do not produce a sinusoidal waveform and
their use is limited to little more than signal tracing. The
R-C oscillator circuits are the only ones which offer any
hope of satisfactory use as audio test instruments for
distortion and frequency response testing. Such circuits
are the phase shift oscillator (Fig. 1(a)) and the Wien
bridge oscillator (Fig. 1(b)).

It is the writer’s experience that these circuits give a
sinusoidal output which is only slightly distorted, but
that the output voltage varies with frequency. Another
observation is that the valve circuits generally worked
better than their transistor counterparts.

AMPLITUDE STABILIZATION

The disparity between the performance of the valve
and transistor circuits is a consequence of the non-
linearity of the transistor characteristic. The grid
voltage-anode current curve for a valve is nearly linear
(Fig. 2), whilst the corresponding characteristic for the
transistor is sharply curved (Fig. 3). It is the non-
linearity of the valve or transistor characteristic which
controls the amplitude of oscillation in circuits such as
those in Fig. 1. The effective gain (the slope of the curve)
falls at the end of the characteristic and this prevents the
amplitude of oscillation rising too high. The non-
linearity of the valve is just sufficient to control the
amplitude without allowing the introduction of severe
distortion. The transistor, on the other hand, sharply
distorts one part of the waveform before it exercises any
control over the rest of it, and a distorted output
waveform results,

What is required in a transistor oscillator is an
independent means of controlling the amplitude of
oscillation so that the amplitude can always be kept at a
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Fig. 1. Two basic R=C oscillator circuits. That in
(a) is a phase shift oscillator and that in (b) is a
Wien bridge oscillator
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Fig. 2. The anode current-grid voitage character-
istic of a valve. Anode current falls smoothly as
the grid goes negative

certain level below that at which distortion occurs. A
number of audio signal generators have been produced
which incorporate a thermistor to control the amplitude.
The thermistor is wired in a negative feedback loop,
driven by the signal. If the signal is too high the ther-
mistor is heated and its resistance falls, increasing the
feedback and reducing the level of oscillation. However,
the thermistor has several disadvantages. It has a
definite thermal time constant and it cannot be used if
the circuit is to work at a frequency lower than the
corresponding roll-off frequency. Also its resistance at
any power level is fixed and this makes it somewhat

Collector

current |

—

Base voltage

collector

Fig. 3. The markedly non-linear
transistor

current-base volftage curve of a
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difficult to adjust the signal level in the oscillator.
Perhaps most important to the enthusiast is the fact that
the device is relatively expensive.

A more fruitful approach is to design an oscillator
with an a.g.c. system. The output signal is rectified and
smoothed with as long a time constant as necessary. The
d.c. voltage thus obtained is then compared with a
reference voltage and the excess is used to control the
loop gain at the oscillator. The gain control exploits the
non-linearity of the transistor which is so troublesome
in the uncontrolled circuits where the signal level is high.
It is an oscillator of this controlled type which is
described in the present article.

PRINCIPLE OF OPERATION

The oscillator is shown schematically in Fig. 4 where
the biasing components have been omitted for simplicity
The R~-C network is a Wien bridge. This network has
the property that at only one frequency is its phase shift
equal to zero. At this frequency it attenuates the signal
to one-third. The oscillator must therefore contain an
amplifier with zero phase shift and a gain of three times.
The first transistor, TRA, acts an emitter follower
buffering the network with a voltage gain of one and
feeding the signal through RE1 to the emitter of TRB.
RE2 is chosen to be large compared with the emitter
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Fig. 4. lllustrating the basic mode of operation of
the audio signal generator

‘impedance of TRB and all the signal current passes into

the emitter of TRB. TRB is a common base amplifier
with a current gain of one, and all the emitter current
then passes from the collector into RC. The voltage
developed across RC is then used to drive the network.
Each transistor gives an output in phase with its input
and thus the signal has the correct phase for oscillation
to occur. As the same signal current passes through RE|
and RC the gain of the amplifier is approximately
RC/REI], and if these resistors are in the ratio of just
greater than 3:1 the first two transistors and the net-
work constitute an oscillator.

It is necessary to consider the transistor characteristics
in detail to understand the working of the a.g.c. system.
The transistor is non-linear and its parameters vary with
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Emitter
impedance

Collector current

Fig. 5. Characteristic curve showing the relation
ship between emitter input impedance and
collector current

the operating current. Fig. 5 shows the variation of the
emitter impedance with the collector current. It will be
seen that the impedance falls as the collector current is
increased. Note that, in Fig. 4, the emitter of TRC is
connected to the emitter o TRB. The signal current
flowing in REI is shared between the emitters of TRB

and TRC in the inverse ratio ol their impedances. 1If

TRC is not conducting, its impedance is very high and
all the current flows into TRB as described above, and
the circuit oscillates. If TRC is now made to conduct, its
impedance falls and some of the current flows into it. As
the total current is limited by RE1 only a fraction is left
for TRB and the amplitude of oscillation is reduced.
The action can be considered as though TRC were
‘stealing” the signal current intended for TRB. It only
remains to rectify the output signal and use it as an
a.g.c. voltage controlling TRC and the circuit becomes
a stabilized oscillator.

CIRCUIT DETAILS

The full circuit of the audio singal generator is
shown in Fig. 6. The network consists of a two-gang
220k} potentiometer (VR ) and-four pairs of capacitors
selected by a 2-pole 4-way switch to give four frequency
ranges. The low frequency end of each range is obtained
when each section of the potentiometer is at maximum
resistance. The frequency at the high frequency end of
each range (where the potentiometer seclions are at zero
resistance) is governed by Ri and R2. The value of R1
was chosen Yo be 12k as it is driven from R6 (3.3k{})
and the effective resistance ol the combination is about
15kQ and equal to R2.

TR1 and TR2 are both emitter followers giving an
input impedance sufficiently high not to load the net-
work. The bias for these transistors is derived from the
potential divider R7 and R8, decoupled by C9 and fed
through the network. The signal is passed through R4
to the emitters of TR3 and TR4. Here it is shared
according to the a.g.c. voltage and the required. portion
passes through TR3 to the load resistor R6 and hence
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[ COMPONENTS

Resistors
(Al fixed values § watt 59,,)

R 12k¢$2
R2 15kQ
R3 1.5k}
R4 56042
RS [kt2
R6 3.3k
R7 5.6k}
RE Ik
RY 3.3k
RI0 47k
RI1 5.6k$2
R12 .5k
R13 2.2kQ
R 14 22002
VRI 220 | 220k¢) dual-gang potentiometer,

lincar or log (see text)

VR2 50042 potentiometer, wire-wound
Capacitors

Cl 100pF

C2 0.00tptF

C3 0.01uF

C4 0.1pF

Cs 100pF

Ccé 0.001pF

C7 0.01uF

C8 0.tuF

C9 50uF electrolytic, 16 V. Wkg.

Cl10 10uF electrolytic, 16 V.Wkeg.

Cl1 50pF electrolytic, 16 V.Wkg.

Cl2 1uF plastic foil (sec text)

Cli3 SOuF electrolytic, 16 V.Wkg.

Semiconductors
TR1-5 BCI108 or 2N3708 (or similar n.p.n.
silicon planar transistors)

DI OAS81

D2 OA8I
Switches

Si(a)}b) 2-pole 4-way rotary

S2 s.p.s.t. toggle or rotary
Batrrery

BYlI 9-volt battery

Miscellaneous

Coaxial socket

Battery connectors

Knobs, as required
Metal case. with front panel
Nuts, bolts, wire, etc.

back to the network. Note that R6 is approximately six
times the value of R4 so that a gain of three is obtained
when one half of the signal passes into TR3. The base of
TR3 is biased by the potential divider R8 and R9.

The a.g.c. system takes its signal from the collector of
TR2 via C10. This point is chosen in preference to the
collector of TR3 because TR2 offers a measure of
buffering between the oscillator and the rectifier. If the
output were taken from TR3 the non-linear conduction

RADIO & I'LECTRONICS CONSTRUCTOR
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of the diodes would distort the waveform fed back to the
network and hence distort the output. The diodes, DI
and D2, act as a voltage doubler rectifier and generate a
positive bias for TR4. A slight standing bias is already
provided by R11 and Ri2 but this is not sufficient to
make TR4 conduct. If this bias were not provided the
signal level required to make TR4 conduct would be so
high that the oscillator would distort. The level of
oscillation can in fact be adjusted by altering the ratio
of R11 and R12. C11 smooths the a.g.c. voltage applied
to the base of TR4 and is chosen so that the time
constant is long enough to smooth even the lowest
frequency.

The output from the oscillator can be taken from any
point in the loop. The emitier of TR2 was chosen for
two reasons. The impedance here is low and the effect of
the load will be least. Also the d.c. voltage is about 3
volts and is suitable for direct coupling to the buffer
amplifier TRS. This has a Jow gain but prevents
changes in load impedance altering the frequency or
causing distortion. It also allows the use of a constant
impedance attenuator VR2. The d.c. component is
removed by C12. It should be noted that the impedance
of this capacitor is greater than 500¢) at the lowest
operating frequency, and if the signal generator is
required to drive a 500 load at a frequency of less than
IkHz the value of C12 should be increased to S00uF.
The writer chose to use a value of 1uF to avoid the long
time constant which would result when the instrument
was connecled to a high impedance load as was often
the case with the prototype. The circuit is powered by a
9V dry battery.

TABLE 1
Frequency Coverage
(VR 1 =200 + 200k} - see text)

figures generated with the 50Hz mains. (See Fig. 9.) An
approximate calibration for the medium frequency
ranges is then obtained by multiplying the frequency by
ten for each range. The network capacitors, CI to C8
inclusive, should be of close tolerance. It is possible to
use 19, silvered mica capacitors for the values up to
0.01uF and 19, polystyrene or polyester for the 0.1nF
values. Suitable capacitors should be reasonably easy to
obtain. Avoid using 1,000pF ceramic capacitors of the
type employed for TV decoupling purposes, as thesg
have very wide tolerances.

VR1 may be either a linear or a log component, the
latter giving less scale cramping at one end. If a log
potentiometer is used it should be connected such that
the sections insert increased resistance into circuit as it is
turned clockwise.

The output voltage obtained was variable from zero
to 0.5 volt peak-to-peak at a supply voltage of 9 volts.
The oscillator will function without distortion for supply
voltages varying from 6 volts to 15 volts, but it should be
noted that the buffer amplifier, TRS, introduces distor-
tion at the higher output levels when the supply voltage
is greater than 9 volts. As the circuit is directly coupled
the bias levels are important, and a voltage analysis is
given in Table II. The current consumption is 16mA at

TABLE 11
Voltage Analysis

(Readings were obtained on a 10k(2/V meter switched to
10V f.s.d. Measured battery voltage=8.9 V. Frequency
1kHz. Output control set half way. TRI base voltage
not measured due to meter loading; voltage at junction
of R7 and R8=4.0 V. All voltages with respect to

Network Maximum Minimum chassis.)
capacitor frequency frequency

Transistor TR} | TR2 | TR3 | TR4 | TRS
100pF 73kHz 6kHz
0.001uF 9.7kHz 750Hz Emitter voltage 3513001 20| 20 ] 22
0.01pF 950Hz 75Hz Base voltage - 35 2.6 2.6 2.8
0.1uF 100Hz 10Hz Collector voltage | 89 | 62 | 72 | 89 | 6.6

PERFORMANCE

The frequency ranges obtained with the prototype are
given in Table 1. These were given with a 200 +200k€Q2
potentiometer in the VR position. However dual-gang
potentiometers of this value are not readily available on
the home constructor components market and it is for
this reason that VR1 is specified in the Components
List as 220+ 220kQ (which may be obtained in both
linear and log from Electrovalue Ltd., 28 St. Judes
Road, Englefield Green, Egham, Surrey). When a
220+220kQ) potentiometer is employed the minimum
frequency for each range will be about 10% lower than
is shown in Table 1. With the 200200k potentio-
meter there is a good overlap between ranges (which will
be slightly increased with a 220-+220kQ2 component)
and the total coverage extends from 10Hz to 73 kHz.
The writer was fortunate in being able to borrow a
digital frequency meter to calibrate the instrument. If
the reader cannot obtain access to such an instrument or
to another signal generator he can use an oscilloscope
and calibrate the lower frequency range using Lissajous
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9 volts, of which 10mA is taken by the buffer amplifier.

The degree of compensation for supply voltage
changes obtained in this oscillator would never be
achieved in an unstabilized oscillator. The action of the
a.g.c. system may well be seen if the output signal is
monitored on an oscilloscope as the generator is switch-
ed on. The signal voltage rises rapidly, overshoots and
then settles to a stable value.

An interesting incidental aspect of the a.g.c. system is
that it allows an external voltage source to control the
level of oscillation. If the signal generator is set to a
fairly high frequency and a low frequency signal is
injected into the base of TR4 from an external source it
will have the effect of modulating the high frequency.
The modulation voltage may be injected into TR4 base
via a 1uF capacitor but the signal is then severely

‘attenuated by the a.g.c. smoothing capacitor, Cl1. A

more satisfactory method is to inject the modulating
signal through Cl1, using the circuit shown in Fig. 7.
An input of 1 volt r.m.s. achieves about 309 modula-

RADIO & ELECTRONICS CONSTRUCTOR
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tion and appreciably more can be obtained without
serious distortion. As TR3 and TR4 share the same
source of emitter current, the modulation signal may
also be applied to TR3 base via a 1uF capacitor. This
achieves a very high modulation sensitivity.

The modulation facility makes the circuit a useful
instrument in the production of radiophonic music.

The more experienced constructor may find it worth
noting that the circuit can be simplified if a fixed fre-
quency low output oscillator is required. TRS, the buffer
amplifier can be omitted and the signal output taken via
a 22k Q resistor from the emitter of TR2. Also, TR1 can
be omitted provided that the network resistors replacing
VRI, R1 and R2 are no greater than 22k{. It is neces-
sary in this case to reduce the bias voltage at the
junction of R7 and R8 by 0.6 volt by changing the
values of these two resistors.

CONSTRUCTIONAL DETAILS

Constructional details are left to the reader, who may
care to employ one of the several metal cases that are
currently available. As a guide to what is required, the
prototype was built in an aluminium box measuring
about 6 by 4 by 4 in. All the components except the
battery were fixed to the front panel so that this could be

Cursor VR Sla slb S2

\ \

Perspex disc
covering scale
.

Battery leads / \
Coaxial output socket VRy

Fig. 8. A suitable front panel layout
NOVEMBER 1973

Fig. 7. An incidental facility is the ability to inject
a modulating signal. For this, the circuit is
modified in the manner shown here

removed from the case without disconnecting any wires.
The front panel layout is as shown in Fig. 8. Behind the
panel the network capacitors, Cl to C8, were grouped
around the range switch, the resistors R1 and R2 were
mounted on the dual-gang potentiometer, and all the
other components save the output capacitor C12 were
mounted on a tagboard held perpendicular by means of
brackets, to the panel. Ci12 was mounted between VR2
and the output socket. The frequency scale was drawn
on a piece of paper glued to the panel and then pro-
tected by a Perspex disc, 3 in. in diameter, locked under
the fixing nut of the dual-gang potentiometer. Similar
paper scales were used on the range switch and output
control. Further details are left to the constructor, who
may choose the style of construction and degree of
finish himself.

(a) (b) ()

Fig. 8. Oscilloscope Lissajous figures define the
relationship between two frequencies. The
number of ‘loops’ at the top represent the
frequency applied to the vertical plates, and the
number of ‘loops’ at the side represent the
frequency applied to the horizontal plates. In (a}:
the vertical frequency is twice the horizontal
frequency and in (b) the vertical frequency is
three times the horizontal frequency. In (c) the
vertical frequency is half the horizontal frequency

CONCLUSION

The writer has tried many other designs for an audio,
signal generator but with little success. The reliability of
the present instrument has been demonstrated over
several months and it has filled a long felt need in the
writer’s workshop. |
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“¥ THINK,” SAID DICK CONTENTEDLY,

“T’ll start the afternoon by fixing
that little a.m.-f.m. set that’s sitting on
the rack there.”

Smithy’s assistant pointed lazily at
a small portable radio, from the top
of which protruded a few inches of
telescopic aerial.

Dick had reason for his content-
ment. Although a cold and blustery
November wind whirled and scurried
outside, all was warm and cosy inside
the Workshop. Further, he had had an
extremely satisfying morning, and had
successfully achieved repairs on so
many items of domestic electronic
equipment that even Smithy had been
forced to express reluctant praise. And
finally he had just consumed a lunch
consisting of a large cheese and pickle
sandwich, a large egg and cress sand-
wich, a large salami sandwich, a
Kunzle Showboat cake and an orange,
all washed down with a large can of
Pepsi-Cola, and was now experiencing
the comfortable feeling of one who
has eaten expansively and well.
SHORT WAVE RECEIVER

Smithy glanced at the radio indi-
cated by his assistant.

“That,” he remarked mildly, and in
a tone of equal contentment, “is not
an a.m.-f.m. radio.”

Smithy also had good reason to be
pleased with himself. Like his assistant,
he had been able to repair a large
number of sets during the morning,
with the result that the ‘For Repair’
racks, on which stood the receiver
referred to by Dick, were now agree-
ably sparse of work. This meant that

Fig. 1. In some long, medium

and short wave portables, the

short wave coil is fitted on
the ferrite rod.
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he would have a chance during the
afternoon to catch up with some of his
much neglected paperwork. In accord
with Dick he had also lunched well,
albeit less colourfully, and had par-
taken of a Wall’s pork pie, two brawn
sandwiches and a Lyons Individual
Fruit Pie. As ever, the liquid comple-
ment of his meal was the inevitable
tea, and his battered and disgraceful
tin mug, just filled to the brim at the
motley collection of utensils main-
tained near the Workshop sink, now
stood steaming on his bench alongside
him.

“That set,” returned Dick, ‘“‘rmust be
ana.m.-f.m. job.”

“Why must it?”

“Because it’s got a telescopic aerial
poking out of it. An a.m.f.m. set
uses a ferrite aerial for a.m. and a
telescopic aerial for f.m.”

“True.”

“Then why,” persisted Dick, “do
you keep on saying that this one isn’t
an a.m.-f.m. set?”

“Because,” explained Smithy, “it’s a
long, medium and short wave model
instead.”

“Oh.”

Somewhat deflated, Dick turned to
the Serviceman.

“Does that mean,” he queried, ‘‘that
it uses a ferrite rod aerial for long and
medium waves, and the telescopic
aerial for short waves?”

“That’s pretty well the size of it,”
replied Smithy. ““As it happens, there’s
quite a lot of difference between

manufacturers in the design approach.

of these long, medium and short wave

MW.coil

SW. coil

Ferrite rod

This month Smithy

“ the Serviceman in-
troduces his assis-
tant, Dick, to some
of the more un-
usual circuits
employed in tran-
sistor portable
radios incorporat-
ing short wave
ranges.

portables, but virtually all of them have
a telescopic aerial for short wave
reception.”

“We don’t,” remarked Dick, “get a
lot of long, medium and short wave
portables in this country, do we?”

“I wouldn’t be too dogmatic about
that,” replied Smithy cautiously, “‘be-
cause there are quite a lot of imported
ones knocking about. I'll agree,
though, that U.K. manufacturers turn
out far more a.m.-f.m. sets for the
home market than sets with short wave
bands.”

“Fair enough,” commented Dick.
“Incidentally, why do these sets need a
telescopic aerial for short waves in
any case? Couldn’t the short wave
aerial coil be wound on the same ferrite
rod as the medium and long wave
aerial coils 7’

“It can be,” said Smithy, ‘“‘and this
course is adopted with a few models.
A typical example consists of putting
the short wave aerial coil in the middle
of the ferrite rod and the medium and
long wave coils at the two ends. There’s
also an aerial coupling coil from the
car aerial socket on the rod, this being
positioned close to the short wave coil.
Fach of the long, medium and short
wave coils incorporates. a winding for
coupling to the base of the input mixer-
oscillator transistor, and these are
switched in by a wavechange switch in
the usual manner. The short wave coil
also has a second coupling winding,
which connects to the telescopic
aerial.” (Figs. 1 and 2.)

Dick visualised this concept for
some moments.

Coupling

Py L .W.coil

=) =
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Fig. 2. The ferrite rod assembly of Fig. 1 can appear in a circuit of the

type shown here. Note that the short wave coil has an input and an

output coupling winding and that the medium and long wave coils

have a single output coupling winding each. The variable capacitor
is the aerial section of the receiver 2-gang capacitor

“I suppose,” he stated, ‘‘that you
adjust the inductance of the medium’
and long wave coils by moving them
along therod.”

“You do,” confirmed Smithy.

“How do you adjust the inductance
of the short wave coil? You can’t move
it around much if it’s at the centre of
the rod.”

“One method of doing this,” said
Smithy, “is to move the actual coil
turns around on the former. You close
them up if you want to increase
inductance and open them out if you
want to decrease inductance.”

“I see,” commented Dick. It
seems a bit puzzling to me that even
though the short wave coil is wound
on the ferrite rod, there’s still a tele-
scopic aerial.”

“The telescopic aerial is needed,”
explained Smithy, ‘“‘because signal
pick-up by a ferrite rod aerial on short
waves is not as high as it is on medium
and long waves. The material em-
ployed in ferrite rods tends to be less
effective and to offer increasing damp-
ing as signal frequency goes up. This
effect can be offset by using a special
NOVEMBER 1973

grade of ferrite having lower perme-
ability, which means that you have to
wind on more turns for the same
inductance. This lower permeability
type of rod is used when a short wave
coil is put on it.”

“Blimey,” remarked Dick, im-
pressed by this information. **[ .didn’t
know you could have different grades
of ferrite rod material. 1 thought an
aerial rod was just made of ferrite,
period!”

“Most of the ferrite rods you bump
into are of a standard grade and
permeability,” stated Smithy. ‘““They’re
intended for medium and long wave
reception mainly, and are very effective
at these frequencies. But they’re not so
good for short waves.”

SEPARATE COILS

“I suppose,” said Dick rumin-
atively, ‘‘that, if it’s only a few sets
which have the short wave aerial coil
wound on the ferrite rod, the majority
of these sets use separate screened
aerial coils for the short wave ranges.”

“That’s right,” confirmed Smithy.
“The medium and long wave coils are
on the ferrite rod and the short wave
coil or coils are in separate cans.”

Smithy thought for a moment.

“There are,” he continued, “one or
two variations on this theme, though.
You might, for instance, have a set
with a medium wave band and two
short wave bands, one short wave
band being for say, 3.5 to 10MHz, and
the other for something like 7 to
20MHz. The aerial coil for the lower
frequency short wave band could be
on one end of the ferrite rod, the
medium wave aerial coil on the other
end, and the aerial coil for the higher
frequency short wave band jn a sepa-
rate screening can. In this case the
inductance of the aerial coil for the
lower frequency short wave band can
be adjusted by sliding it along therod.”
(Fig.3.)

Smithy picked up his mug and took
a copious draught of its contents.

“Ah, that’s better,” he remarked,
smacking his lips noisily. “*A drop of
good stuff, that!”

Dick hastily averted his glance and
returned to the subject of short wave
reception.

““Is the telescopic aerial,” he asked.

Ferrite rod

MW. coil

SW.[ coil

it [ o

-

Adjustable core

-l
@ SW.2 coil

-

SW.i - 3-5 to IOMHz
SW.2 - 7 to 20MHz

Fig. 3. In some receivers having a medium and two short wave bands,

the aerial coil for the lower frequency short wave band may be fitted

on the ferrite rod, with the aerial coil for the higher frequency short

wave band in a separate screening can. The wave ranges shown are
typical
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Fig. 4. The telescopic aerial usually couples to the non-earthy end of
the short wave tuned coil via a low value capacitor (of the order of
5pF) or by a direct connection

“always coupled to the tuned short
wave aerial coil via a coupling coil?
Like it was in the first case you
described, where the short wave coil
was in the middle of the ferrite rod?™
“Oh no,” replied Smithy. ‘‘The
telescopic aerial is much more fre-
quently coupled either direct, or via a
low value capacitor, to the hot end of

the short wave aerial tuned coil.”
(Fig. 4.) )
“Stap me,” said Dick, surprised.

“That's a funny way of doing things,
isn’tit?”

“Not really. Why should it be?"

“Well, the aerial inputs on the short
wave sets I've plaved around with in
the past give quite a loose coupling to
the tuned coil. and always by way of a
coupling coil. If you have a direct
connection to the tuned coil you're
going to both damp it and detune it.”

“That,”” remarked Smithy, “would
quite definitely happen if the aerial
you're using is a large one of the type
a serious short wave listener with a
communications receiver would em-
ploy. But with these portable radios
the telescopic aerial, when fully
extended, is only a few feet long. The
damping imposed by an aerial as short
as this will be minimal. Also, its
capacitance to chassis will be a few
picofarads only, and this can be
allowed for by having the aerial fully
extended when lining up the trimmer
across the aerial coil. Admittedly the
capacitance to chassis “will vary if
people or large metal objects approach
the aerial too closely, but in general it
will be left in the clear. Another reason
for having a direct coupling to the

aerial tuned coil is precisely because
the aerial is so small. The amount of
signal it can pick up is limited, and so
a really tight coupling is required.”

‘It sounds as though you have to be
careful if you connect a larger aerial
to the telescopic one in order to get
greater range.”

“You're right there,” confirmed
Smithy. ““Connecting a large aerial to
the telescopic one will damp and
detune the aerial tuned circuit con-
siderably. If a larger aerial is available
it should, with these portable receivers,
be coupled to the telescopic aerial via
a low value capacitor of, say, 5pF or
.

BASE COUPLING CIRCUIT

Smithy once more picked up his mug
and drank from it lustily. Dick looked
at him with distaste.

“Ye gods.” he commented disgust-
edly. “We used to have a machine in
our district for sucking out the drains
which made just the same noise that
you do drinking tea.”

“Nonsense, lad,” retorted Smithy
sharply. ‘I have a natural affinity with
tea and [ like to get as much of it
inside me as I possibly can.”

The Serviceman drank again, then
replaced his mug on the bench beside
him. Decisively, he stood up and
walked towards the filing cabmet in
which the service manuals were kept.
After some searching he picked out a
service sheet and carried it over to
Dick’s bench.

“Now here,” he remarked, “‘is a
rather unusual aerial input circuit, and
it’s employed in a portable receiver

RADIO & ELECIRONICS CONSTRUCTOR



having medium and long wave bands
and two short wave bands.”

Smithy opened the manual at the
circuit diagram and indicated the
aerial input section. (Fig. 5).

*“Ah,” said Dick eagerly. “Now let’s.
take a look at this. The aerial input
section seems fairly easy at first sight.
Starting with the Short Wave
2 band, I see that the telescopic aerial
couples via a 6.8pF capacitor to the top
end of L6, this being tuned by the
255pF variable capacitor. Which will,
of course, be one section of the receiver
2-gang.”

“Tt will.” .

“*Good,” said Dick, encouraged.
“Now there’s a coupling coil, L7,
one end of which goes to a 2,000pF
decoupling capacitor. The other end
goes via a section of the wavechange
switch to the base of the mixer-
oscillator transistor. Well. that seems
easy enough.”

“*Okay. Goon.”

Dick threw a sudden doubtful
glance at the Serviceman.

“You’ve got something hidden up
your sleeve here,” he announced
suspiciously. “‘Still, I suppose I'd
better press on. I'll do the Short Wave
I band next. Why, this is just the same
as the Short Wave 2 band! When the
wavechange switch is set to the Short
Wave 1 band, the aerial couples via
the 6.8pF capacitor to the top of L4,
which is again tuned by the 255pF
variable capacitor. The coupling coil
L5 then connects to the 2,000pF
decoupling capacitor and to the base
of the mixer-oscillator transistor.
Again, dead easy!”

“What about the car aerial socke{?”

““The car aerial socket? Oh yes, well
this is coupled to the telescopic aerial
on both the short wave bands. This
means that the car aerial can be
coupled to the short wave coils via the
6.8pF capacitor. The car aerial will
have a much( higher capacitance to
earth than the telescopic aerial, but the
6.8pF capacitor shouldn’t allow this
to detune the short wave aerial tuned
circuits too seriously.”
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*Fine,” said Simithy heartily. “Now
go on to medium and long waves.”

“All right,” replied Dick, with a
voice which still betrayed a certain
dubiety. ““To start off with, when the
wavechange switch is set to medium
or long waves the car aerial socket is
connected to the coupling coil on the
ferrite rod. Which represents standard
practice, of course. Also, the upper
terminal of the 255pF variable capaci-
tor connects to the upper end of the
medium wave tuned winding. The
lower end of the medium wave winding
goes to the top end of the long wave
tuned winding. This is shorted out on
medium waves, and is brought into
circuit on long waves.”

Dick paused.

*I’'m nearly finished now,” he called
out enthusiastically, his confidence
patently rising. *‘The next thing is that
the bottom end of the long wave
tuned winding, or the bottom end of
the medium wave tuned winding
when medium waves is selected, goes
to. the 2,000pF decoupling capacitor

6V—

To oscillator coil
" and IFTy

L
|
Mixer - oscillator
SE—
SW,
SW,

be——pp To oscillator coil

2 33ka
L
LS
osw, ‘
SWo 3
== >000pF Z 6:8ka
o
X
SW| - 1.6 to 3-9MHz
SWo - 59 to 17MHz
Fig. 5. An unusual aerial input circuit for a receiver with two short wave ranges. This is a simplified version of
the circuit employed in the Ferguson Model 3120, the simplification consisting mainly of showing rotary
instead of press-button wavechange switching
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and it then connects . . .’

Dick’s voice trailed away.

“Let’s try that again,” he resumed.
*“Now the bottom ends of the long and
medium wave windings go to the
2,000pF decoupling capacitor and also
connect to the . ..”

Again, Dick’s voice faltered off into
silence.

“What's up, laddie?” said Smithy
in a commiserative tone,

“I can’t say it,” wailed Dick, I
just can’t say it!’”

“Can’t say what?”’

I can’t say what happens here!™

“Try it.”

**Oh, all right,” said Dick, drawing a
deep breath. ‘‘Here goes, then. The
bottom end of the long or medium
wave tuned winding goes to the
2,000pF decoupling capacitor and then
also connects to the base of the mixer-
osciilator transistor!”

“Very good,” remarked Smithy
approvingly. “I couldn’t have ex-
pressed it more clearly myself.”

“But it’s crazy, Smithy. You can’t
feed the base of a transistor from a
decoupling capacitor!”

“It’s done here.”

“That’s what makes it so crazy.

A decoupling capacitor is supposed to:

act as a short-circuit to signal voltages,
not to provide coupling.”

“The way in which the capacitor
works,” replied Smithy, ‘‘depends on
its value and the frequency that’s
applied to it. Now, the overall short
wave coverage of this receiver is from

about 1.5 to 15MHz, and at these
frequencies a capacitance of 2,000pF
offers reactances of some 50 to 5 ohms.
Not exactly a dead short, but near
enough to one to hold down the lower
ends of the two short wave coupling
windings which feed the base of the
mixer-oscillator. The bottom long
wave and top medium wave fre-
quencies are of the order of 150kHz
and 1.5MHz, and the corresponding
reactances given by the 2,000pF
capacitor range from 500 to 50 ohms.
These reactances are ten times higher
than those for the short wave ranges
and can be considered as being suffici-
ently high to enable a signal to appear
across the 2,000pF capacitor which is
capable of being fed to the base of the
transistor.”

“] don’t understand that,” said
Dick, frowning. “You’ll have to
explain all this a bit more deeply.”

Smithy took out a ball-pen and
traced out the basic circuit of the
medium and long wave aerial tuning
arrangements. (Fig. 6(a).)

“If you follow the medium and long
wave circuit through,” he remarked,
“You’ll see that the 2,000pF capacitor
forms part of the aerial tuned circuit,
whereupon some of the aerial signal
voltage must appear across it. Since
the signal voltage across the capacitor
is at low impedance, it is suitable for
application to the base of the
transistor.”

BOTTOM-END COUPLING

Dick shrugged his shoulders.

*“1 still don’t get it,” he said help-
lessly. ‘It seems to be such an unusual
way of doing things.”

“It is unusual,” concurred Smithy,
“but that doesn’t mean to say that it
isn’t practicable. Look at this.”

Smithy scribbled a circuit in the
margin of the service manual. (Fig.
6(b)).

“Now here,” he announced, ‘‘we
have a ferrite rod aerial tuned circuit.
And wetap into the coil at & point near
the earthy end to obtain a feed for the
base of the first transistor of the
associated receiver. Is that okay?”

“Why, of course it is. That’s quite a
normal circuit.”

“Very well then,” continued Smithy.
‘‘What we're doing here is to take a
low impedance tap from the inductive
side of the tuned circuit. With the
2,000pF capacitor arrangement we’re
doing the same sort of thing but this
time we’re taking a low impedance tap
from the capacitive side of the tuned
circuit. It’s just as simple as that.”

Dick looked once more at the circuit
with the 2,000pF decoupling capacitor,
and gradually his furrowed brow
cleared.

“Ah, it’s beginning to make sense at
last,” he said in a relieved tone. *“To
take the explanation a stage further,

i 255pF
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il
:I To transistor
||I‘\<"_-——-’ base

i

]

4-To chassis

(b)

Fig. 6(a). If the basic medium
and long wave tuned circuit
of Fig. 5 is redrawn like this,
it can be seen that the
coupling to the transistor
base and chassis is taken
from a tap in the capacitive
side of the tuned circuit
Fig. 6(b). A more familiar
arrangement, in which the
tap is taken from the induc-
tive side of the tuned circuit
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there’s going to be the same signal
current circulating in the capacitive
half of the aerial tuned circuit as there
is circulating in the inductive half, so
there’s no reason why a low imped-
ance output shouldn’t be taken from
the capacitive side instead of from the
inductive side.”

“Exactly,” stated Smithy. ‘‘Actually,
however, the two circuits are not guite
identical. With the inductive tap the
inductance ratio between the tapped
section of the coil and the total coil
remains constant at all settings of the
tuning capacitor. When the capacitive
tap is used, the ratio between the
tapped capacitance and the total
capacitance varies as the tuning
capacitance changes. This doesn’t stop
the idea from working quite well in
practice. Funnily enough, this circuit
reminds me of a medium and long wave
aerial input coupling circuit we used
in the old days with the cheaper valve
mains radios.”

Smithy picked up his tin mug and
noisily drained it.

“What,” said Dick, suppressing his
shudders, ‘“‘sort of circuit was that,
Smithy?”’

““Get me some more tea,” replied
Smithy, *‘and I'll tell you.”

Dick rose and picked up Smithy’s
mug gingerly, then obediently re-
charged it from the teapot at the Work-
shop sink.

“Blimey Smithy,” he remarked, as
he returned with a fresh cargo of
steaming hot tea, ‘‘don’t you think it’s
about time you cleaned up this repuls-
ive mug of yours.”

“Of course not,” retorted Smithy.
**A bit of lining from previous lots of
tea helps to flavour the existing lot.”

*“There must be half the germs
known to mankind running around
in the darned thing,” complained
Dick. “I bet that if you took that mug
out of the country and then tried to
return with it, they’d keep it in quaran-

Y

|

- ‘Bottom-end’

T capacitor

e TO MiXer

4 Tuning
capacitor

tine for six months before they let you
have it back again.”

But Smithy was too busily engaged
in assuaging his thirst to pay any
attention to his assistant’s comments.
He next returned his mug, its contents
considerably depleted, to the surface
of his bench, then wiped his lips with
the back of his hand.

‘“Now, where was 17”

“You were talking,” said Dick
quickly, anxious to bring his own

thoughts away from the more repellent:

of Smithy’s habits, ‘*about a method of
aerial coupling ‘which was used with
old valve mains sets.”

“*Ah yes, so I was,” replied Smithy.
“Well, this is what used to be called
‘bottom-end’ coupling, and it worked
basically like this.”

Smithy drew a further circuit in the
(m;lrgin of the service manual. (Fig. 7
a).)

*“This circuit also takes advantage of
a low impedance tap in the capacitive
side of the aerial tuned circuit,” he
remarked, ‘‘but in this case the tap
allows a low impedance input to be
provided. The capacitor was usually

somewhat higher in value than
2,000pF and would typically be
5,000pF.”

“What was the advantage of this
method of coupling?”’

It dispensed with separate coupling
coils,” replied Smithy, “And it also, in
consequence, simplified wavechange
switching. Since the input was at low
impedance it was essential for the
receiver chassis to be at earth potential
for radio frequencies. An effective
earth connection was, however, auto-
matically provided, because the circuit
was used in a.c.-d.c. sets which had the
chassis common to one side of the
mains supply. A minor snag was that
it was necessary, in practical versions
of the circuit, to provide two extra
capacitors and a resistor.”

Smithy added these components to

Y

his last sketch. (Fig. 7(b)).

“The 10kQ resistor and 0.01uF
capacitor I’ve put in here,” he went on,
‘*are to reduce mains modulation, the
effect of which is to cause the repro-
duced signal to have a 50Hz gurgle
superimposed on it. This could occur
if the mains were connected so that the
chassis was at live and not neutral
potential. The "0.002uF capacitor is
merely a mains isolating capacitor.
Although this circuit was used before
ferrite rod aerials appeared on the
scene, it still represents an excellent
way of providing external aerial
coupling to a modern medium and
long wave receiver having a ferrite
aerial.”

VARIABLE RESISTOR FINE
TUNING

*“That’s something I hadn’t heard of
before,” remarked Dick. “Getting
back to present-day transistor port-
ables with short wave bands, are there
any other unusual points about these?*’

“Nothing 1 can think of at the
moment,” replied Smithy, pondering.
““Wait a minute, though, there is one
other unusual circuit I've encountered
with these sets. It consists of a fine
tuning arrangement for short waves
which incorporates a variable resistor.”

uHey?n

“I'm not joking,” said Smithy,
chuckling at Dick’s surprise. *‘The
circuit is very simple and employs ‘a
variable resistor in series with a fixed
capacitor of around 2.2pF, these
being connected across the oscillator
section of the receiver 2-gang tuning
capacitor. Here’s the circuit.””

Again Smithy scribbled in the mar-
gin of the service sheet. (Fig. 8.)

“The method of operation of this
circuit,” he remarked, ‘is pretty
obvious. When the variable resistor
inserts maximum resistance, the total
impedance offered by the resistor and
the 2.2pF capacitor in series is very

——— AU

i 1L

(a)

O-002uF  O-OlF Tuning
—o—lh ;—.'— capacitor
(part of
b 2-gang)
10kaZ - 5000
< T PF
T €
- AGC.

Fig. 7(a). A ‘bottom-end” aerial input circuit in its basic form
(b).-A practical version of the ‘bottom-end’ circuit. This causes the aerial to be isofated and prevents
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. tuning
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contrat (part of
2-gang)

.

Fig 8. A short wave fine
tuning control incorporating
a variable resistor. This cir-
cuit has been employed in
some Philips portable radios

high, and there is negligible detuning
of the frequency selected by the main
oscillator tuning capacitor. When the
variable resistor inserts zero resistance
the 2.2pF capacitor is effectively
connected directly across the main
oscillator tuning capacitor and shifts
the tuned frequency accordingly, Inter-
mediate settings of the variable resistor
will cause intermediate shifts of
frequency. The advantages to this

arrangement as compared with a
straightforward 2.2pF variable capaci-
tor are, [ presume, given by the facts
that a variable resistor is physically
more robust than a variable capacitor
and that it is easier to fit it into a
particular control panel layout. The
circuit wiring has still, of course, to be
just as short as when a variable
capacitor is employed.”

With a familiar gesture of finality,
Smithy placed his now emptied mug
on his bench, then glanced at his
watch.

“Right, back to work now,”™ he
announced officiously. “We’re at least
five minutes overdue.”

“Well, don’t get all bossy about it,”
returned Dick aggrievedly. “Strikes
me that there are too many Chiefs and
not enough Indians around here. Hey,
where are you going?”’

Smithy folded his arms and assumed
a stern expression.

“Me heap big Chief,” he pro-
nounced sonorously. ‘““Me go now to
wig-wam.”

“To wig-wam?”

“Yes,” replied the grinning Service-
man. “Big Chief go to teepee.” B

—

Please supply..........
Data Book No. 19,

Simple Short-Wave
Receivers

TO DATA PUBLICATIONS LTD 57 Maida Vale London W9 1SN
copy(ies) of ‘Simple Short Wave Receivers’,

1 enclose cheque/crossed postal order for..........

by F. A. Baldwin

FOR ONLY

80p

P. & P. 6p

140 Pages (54 x 84in)
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< WILMSLOW

THE Firm for speakers!

s . Paerles £5.50

SPEAKERS Sy Yorg8ahm €138 s (Pair) (18T
EMI13 x 8, 3,80r15 ohm a0 2, illond ShruEEpa, 1.38 HELME XLK50 (Pair) £37.18
EMI13 x 8,150 d ¢ 3,8 0r 15 ohm €225 ghmisgo] e AR 65 Peeriegs 10-2 1847
EMI 13 x 8, 450 titw 3, B or 15 ohm £3.60 Q“l‘"D‘n';;“ 10w B or 15 ohm €280 Peeriess 202 1041
EMI 13 X 8'type 350 6 ohm 825 e BTH5 tnecer 138 Scephenspesker ks and cabinets - sand for (ree Booklet Choosing » Speaer
£M] 61" 93850 4 or B ohm £2.80 ] 9 £3.66 Prices include V.A.T.  Carriage and insurance 75p per kit.
€MI8 < 5D Cone Roll § & ohm £2.50 Eaule Sl etter £1.25
a-m Group 25 3, 8 or 15 ohm (660 Eale MH‘TO tweeter t2isk
Baker Group 35 3. 8 or 15 ohm £7.50 0 10 tweeter SZ;

ker De Luxe 127 ¢ cone 962 i
% RADIOS/CASSETTES/AMPS
Kaf T27 {487 Sp. matching transformer 3-15 ohm £1.10
Ko T16 550 gn:esnon :S??'oo lew_lho)rn 8art1Sohm 1045
Kel B110 {618 gasion o0l ex 216 Grundig RF310 £21.25
Kef 200 .42 e A G (12,00 Grundig Signal 500 £27.00
Kef 8139 £10.72 Calercion C15C 8 or 15 ohm £15.00 Grundig Marlner TRE6S £32.00
Kef DNB €1.97 Coiestion C18C 8 or 15 ohm £24.0 Grundig Elite Boy 500 £24.00
Kef DN 137 e B AAe B £33.00 Grundig Melody Boy 500 £24.00
Kef ON12 412 SPEAKER Kie T dek for lexller. Grundig Melody Boy 1000 £35.00
Kef DN13 €275 WA e Ui Grundig Yacht Boy 210 £31.00
Fane Pop 100 watt 8 15 ohm 21,45 harledaietinic 3 8.25 Grundig RF430 mains 2375
Fane Pop 60 watt 8 15 ohm £12.26 Wharfadale Unit § £14.50 Grundig RF310 mains £21.00
Fane Pop 50 watt 8 15 ol £10.47 M h‘"; ;"‘ '1‘." = £21.00 Grundig Top Boy £16.75
Fanc Pop 25225 watt 8 g ohm £5.94 Richard Allan Triple 8 7.3 Grundig Sateltit 1000 116.00
Fane Pop 15 watt B 15 ohm £4,40 N‘h"’d Allan T""I' A £10.76 Grundig C402 cassette £27.00
Fane Crescando 15”8 or 15 ohm 2756 Rlchurid Mianiple desery £16.20 Grundig €230 cassette £28.00
fane Crescando 12A 100w 8 or 15 ohm 12420 nen Al dpiSuperaripie £19.36 Tandberg TP41 £37.75
Fane Crescando 12B 75w bass 8 or 15 11420 csedmanl Ol 858 BASF 9304 radlo/casseste 58,00
Fane 807T 8 d ¢ roll 3 8 or 15 ohm £3.85 K"}: i’ Bieha £9.00 Bush YTR178 5 band (inc. air) £29.00
Fane BOBT B8” d cone 8 or 15 ohm £2.64 K°'k-" H £24.75 Trio KA2000A £33.00
Goodmans Axent 100 tweeter £6.60 elkit €35.50 Trw KA2002 £41.00
Goodmans 8 8 or 15 ohm £3.80 Tec. czoo radio, cassetre £31.00
Goodmans 10P 8 or 15 ohm L4.49 ITT'CO £9.95
Goodmans 12P 8 or 15 ohm £11.55 ITT/KE cou Preset £21.25
Goodmans 15P 8 or 15 ohm £17.05 ITT/KB Weekand Auto £16.00
Goodmans 18P B or 15 ohm 29.70 ITT/KB Europa £18.00
Goodmans Twinaxiom 8 £6.79 ITT/KB SL53 cassecta 2162
Goodmans Twinaxiom 10 £7.61 ITT/KB Studio 60M cassette 2932
Elac9 . 5.59RAMI09 15 ohm, S9RM114 8 ohm  £263 ITT/KB Studio 71 stereo cassette £44.00
Elac 617 d ¢ rofl 4 8 ohm an Koyo KTR1664 § waveband’ £40.00
Eiac 61" d cone 8 ohm £2.59 Koyo KTR 1770 11 waveband £56.50
Eiac 47 tweoter TW4 ] Koyo KTR1883'5 band (inc. air) £2350
Wharfedale Bronze 8 RS DD £3.41 Prices include V.A.T. Carriage and insurance 75p.

Wharledale Super B RS DD £5.50. FREE with each radio - “Guide to Braadcasting Stations™

Wharfedate Super 10 RS DD £9.80 PA/DISCO AMPLIFIERS. (carrlage and insursnce €1.00)

Coral 61" d cone roli s 8 ohm 242 Baker 100 Watt £46.00,
Siran 6" 3 or 8 o £1.44 Linear 30/40 €25.00
n.ch.rd‘ Allan 12" a ¢Joris o €220 Linear 40/60 £30.00

10" - 43,8 0r 15 ohm 0.9 Linear 80/100 £50.00

With speaker orders over £7 “'Hi-Fi Loudspeaker Enclosures™ book.
FBEE All units guaranteed new and perfect. Prompt despatch.
Carriage and insurance 35p per speaker (tweeters and crossovers 20p)
ALL PRICES QUOTED INCLUDE V.A.T.

WILMSLOW AUDIO Department R.C.

LOUDSPEAKERS: SWAN WORKS, BANK SQUARE,  RADIOS ETC: 10 SWAN ST. WILMSLOW, CHESHIRE. SK3 THF
WILMSLOW, CHESHIRE. SK9 1HF  TELEPHONE WILMSLOW 29599

BRITAIN’S FASTEST SERVICE

component specialists for the discerning amateur

COMPONENTS FOR PHOTOGRAPHIC TIMER (see this issue)]ﬂnnnw SERVICE PLUS

2N5756 £1.20; 2N2926(Y) 10p; 2N2219 38p; 741C 34p; TN4001 10% DISCOUNT OVER £4. NO POSTAGE

Rectifier 50 PIV 1 AMP 4p; BZX61C12 Zener 12v 1w 28p.
4 ) ¢ g AND PACKING. TOP QUALITY PRODUCTS
See our catalogue for resistors, capacitors, potentiometers, switches, ALWAYS BY RETURN

knobs, veroboard and other accessories. COMPREHENSIVE. CATALOGUE. v

PC3 AUDIO AMP. for ‘The Bafflette’ superhet (see October issue), £2.35.

o y
Important Notice ’All prices are /o ~° s
exclusive of V.A.T. Please add 10% V.AT. / \>°

to the final total of your order after /‘\

deductmg any discount which may/qo\

ANTEX SOLDERING EQUIPMENT
SK2/240v 15w Kit £2.60; X25/240v lron £1.75. MLX12v 25w Kit essential
for themotorist £2,06. X50TC 240v 50w Temperature controlled Iron £5.95. | pe gye*,

/ g

ELECTRONICS LTD. DEPT. R.C2., PR
7 COPTFOLD ROAD
i BRENTWOOD ESSEX ,
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BI-PRE-PAK

AUDIO BARGAINS

8 TRACK
ONLY £11

incl. P. & P. and VAT

The latest B.S.R. 8 Track Cartridge Replay Deck.
Ready to install in your Hi-Fi Stereo System.
This unit comes complete with Hi Gain Stereo Pre-Amplifier,
4-Programme Indicator Lamps, Track Selector Switch, all
leads ‘and plugs, etc. for 230 volt A.C. mains operation.

oW & 10WAMPS

/8
Wony£198 o ©
10w ONLY £2-49 :ﬁd&v;'T '

Specification:—

10 watt

Nominal Volts 12-14v 25-30v
Inio 3 Ohms 5w 10w
into 8 Ohms 2w 10w
Into 15 Ohms 1w 5w

Typical Distortion
Freq. response at 3d8
Sensitivity (Typically)
Full power consumption (30 Ohms) 650mA 580mA

Size 24" x 1§ 24" x 147
The 5W matchbox sized amplifier will run satisfactorily
from a 12V car battery. Can also be used for portable voice
reinforcement such as public functions where mains supply
is not accessibke. A smali mains unit kit is available.

Two ampilifiers are ideal for Stereo. Complete connection
details and treble, bass, volume and balance control circuit
diagrams are supplied with each unit.

Discounts are available for quantity orders.

Cheapest in the U.K. Built and tested

5% 5%
10Hz to 30KHz  10Hz 10 30KHz
Omv Omv

incl. P. & P. and VAT

A ready built unit, ready for connection to the I.F. stages of
your existing FM Radio or Tuner. A tell tale light can be con-
nected to show the presence of a Stereo transmission and
correct operation.

The Unit is in the form of a small printed circuit, and no further
alignment is necessary, as all preset adjustments have already
been carried out at the factory.

It is recommended that a L.E.D. is used as the indicating
light and a suitable device is available from us at 361p.
Supplied with all necessary instructions.

el

I enclose £.... 2 TOh same ... 8 Tracks/ |
Amps./. ... .. 10W  Amps./. Decoders (Please

I insert quantities and delete those not applicable.) '
Name. .. ... ..... O L .
IACAreSS i iaa mm o S £1o L m 5 o e ALTE R . .. |

] BI'PHE'PA Westcliff-on-Sea, Essex 550 9DF [

Co.Regn No.820919  Tel: Southend (0702) 46344
L& &8 N N B N N .
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. 41" X 31" Meter
30uA, 50uA
or 100uA

£2.86

. v

CAMCROAMPERES

MULTIMETER Model 200H

20,000 ohm/volt £5.28

CARDIOID DYNAMIC
MICROPHONE Model UD-
130 Frequency response 50-
15,000 cps. Dual Impedance

50K & 600 chms  £4.95

MULTIMETER Model
C-7081GN Range Doubler
50,000 ohm/volt High Sensi-

Small DYNAMIC MICRO-
PHONE as pictured or similar
with remote on/off switch

£12.37 £1.27

Large S.A.E. for List No. 6. Special Prices for quantity
quoted on request. Add 10p for P&P on orders under £5.
M. DZIUBAS
158 Bradshawgate, Bolton, BL2 1BA, Lancs.

All above prices include 10% V.A.T.
All items advertised in previous numbers of this magazine

tivity Meter

still -available.
e

Learn to understand
electronics

for your hobbies
1. Lerna-Kit course

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

mentals of electronics and show you how easily the

subject can be mastered.

(1) BUILD AN OSCILLOSCOPE.

(2) READ, DRAW AND UNDERSTAND
CIRCUIT DIAGRAMS,

(3) CARRY OUT OVER 40 EXPERIMENTS
ON BASIC ELECTRONIC CIRCUITS AND
SEE HOW THEY WORK.

2.Become a Radio-Amateur

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

HD NN B N RN ED e e O
Brochure, without obligation to:

BRITISH NATIONAL RADIO & !
ELECTRONICS SCHOOL |
P.O. BOX 156, JERSEY, CHANNEL ISLANDS. E

|

l NAME
ADDRESS
| BLOCK CAPS
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PRECISION

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

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

1.0 pyF: 5% 40p: 2% 50p: 1% 60p

2.2 pyF: x5% 50p; +2% 60p: 1% 75p

4,7 uF: 5% 70p: +2% 90p: *1%115p

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

10.0 uF: 5% 110p; +2%140p: 1% 180p

15.0 pF: *x5%160p; +2%210p; *1%270p

NEWI — TANTALUM BEAD CAPACITORS
Values available .1, .22, .47,1.0,2.2,4.7, 6.8uF at 35V, 10pF
25V, 15uF 20V, 22pF 15V, 33uF 10V. 47uF 6V, 100uF 3V.
All at 8p each; 6 for 45p; 14 for 95p. Special pack, 6 off
each value (78 capacitors) for £4,50,

TRANSISTORS: BC107; BC108; 8BC109 all at 9p each. 6 for
b0p: 14 for £1.00; AF178 at 35p each or 3 for 95p. All brand new
and marked.

POPULAR DIODES: IN914 - 6p each; 8 for 45p; 18 for 90p
IN816 - 8p each; 6 for 45p; 14 for 90p. IS44 - 5p each; i1 for
60p; 24 for £1.00. Ail brand new and marked,

400mW ZENER DIODES: Values available 4.7, 5.6, 6.8, 7.5, 8.2,
9.1,10,11,12,13.5,15 volts. All new and marked. All at 7p each; 6
for39p; 14 for 84p. SPECIAL 6 off each voltage (66 zeners) £3.65
SILICON PLASTIC RECTIFIERS 1.5 amp wired-ended D027,
100 PIV at 8p each or 4 for 30p; 400 PIV at 9p each or 4 for 34p;
800 PIV at 14p each or 4 for 50p.

RESISTORS: Carbon film 5% 4w at 40 °c, w at 70 °¢c, Range 2.2Q-
2.2M Q. E12. seriesi.e. 10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82,
and their decades. All at 1p each. 8p for 10; 70p for 100 of any one
value, Special pack 10 off each value 2.2Q to 2.2MQ (730 resistors)
for £6.00.

440V A.C. CAPACITORS:

0.1uF: Size 1}” x4”, 25p each
0.25uF: Size 13~ x §*, 30p each 0.5uF: Size 13 x 3”, 35p each
1.0 pF:Size 2* x3”,45p each 2.0pF: Size 2 x1”, 75p each
Suitable for use on C.D. ignition, 250V A.C. motors. etc.
5p p. & p. on all orders below £5. Please add 10% V.A.T,
MARCO TRADING (Formerly V. ATTWOOD)
Dept. R11 The Maltings, Station Road, Wem, Salop

AN IMAGINATIVE CHRISTMAS PRESENTI NOW YOU CAN BUILD AN
“"ERNIE" IN YOUR OWN HOME

(14
LEARN THE DIGITAL A MULTIPURPOSE
COMPUTER LOGIC ELECTRONIC DICE
TECHNIQUES e AVAILABLE AS A
& COMPLETE KIT
!_ﬂ A

Build something completely out of the ordinary: something different
and more exciting than everyday repeated stuff.

MINICOMP 100* is effectively a miniaturised ERNIE that displays
truly RANDOM NUMBERS using brilliant NIXIE tubes: at the mere
touch of a button. Four range selections are included according to
the application: between 0~-36 (ROULETTE), 1-6 (DICE), 1-57
(POOLS DRAWS), and between 0-99 (BINGO, BATTLESHIPS
ALL OTHER NUMBER GAMES).

The numbers revolve round at high speed in a spectacular DICE
fashion before a random number is selected and displayed. Building
this fascinating ERNIE will familiarize you with sophisticated LOGIC
techniques and elements used in a DIGITAL COMPUTER.

A COMPLETE KIT includes 7 latest LOGIC I.C.’s, 3 transistors,
2 NiXIES, Glass Fibre printed circuit, the power supply and various other
components. Elegantly-sized and finished case, approx. 7" x 5" x 3". Easy
to buid with illustrated instructions and descriptions of the LOGIC
circuits.

APPLICATIONS: With the MINICOMP it is now possible to play
electronically all possible NUMBER GAMES e.g. ROULETTE,
CRAP DICE, BINGO, BATTLESHIPS. An interesting application is
fitling in the POOLS DRAWS. The pure random nature of the
DRAWS could well contribute to the winning combination.

A PROFOUND ATTRACTION FOR PARTY GAMES, FETES AND
BAZAARS. U.K. PRICES: COMPLETE KIT WITH ILLUSTRATED
INSTRUCTIONS. Mains operated unit, 240V 50HZ. or 110V 60HZ.
MINICOMP 100 £21.97 including P & P. and V.A.T. Fully built,
tested units with a year's guarantes, £24.87. TERMS: C.W.0. MAIL

ORDER ONLY, MICRO

MICRO ELECTRONICS, 51 Mexfield Road, LONDON
SW16 2RG Tel: 01-870 2368. *patent applied for
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NEW STYLE
SELF-BINDER

for “Radio & Electronics Constructor”

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
i | 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.

PRIC.E 83p P.&P. 14p

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

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

Rate: 4p (9d) per word. Minimum charge 60p (12/-)
Box No. 10p (2/-) extra.

Advertisements must be prepaid and all copy
must be received by the 4th of the month for
insertion in the following month’'s issue. The
Publishers cannot be held liable in any way
for printing errors or omissions, nor can they
accept responsibility for the bona fides of
advertisers. (Replies to Box Numbers should

be addressed to: Box No. . Radio and
Elccironics Constructor.) 57 Maida Vale, London,
W9 1SN

MINI MAINS TRANSFORMERS. 30 x 30 x 37mm. Cool,
quiet, British. Pri: 220/250V. Type MT3, 3-0-3V rms
300mA, £1. MT7, 7-0-7v, 120mA, £1. VAT included. Usé
MT3 for 3V or 6V rectified d.c., MT7 for 9V or 18V,
glrcutxts sppplii%d. I\;lgél osrdleaohfy. U.K. post 5p per order.

matronix Ltd., els
SO ot on Road, South Croydon,

CATALOGUE NO. 18, containing credit vouchers
value 50p, now available. Manufacturers new and
surplus electronic and mechanical components, price
23p post free. Arthur Sallis Radio Control Ltd., 28
Gardner Street, Brighton, Sussex.

UNIQUE VHF KITS, 80 - 180 MHz. Receiver, tuner,
converter. World wide sales. £4.50p. S.W. Kits also
available. S.AE. for literature. Johnsons (Radio. C),
Worcester, WR1 3QQ.

WANTED: Valves - 6AZ8, 6BJ7, and 5U4-GB.

Must be in new condition. Box No. G215.

BUILD IT in a DEWBOX robust quality plastic cabinet
2 in. x 2% in. x-any length. S.A.E. for details. D.EW,

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

WORLD RADIO TV HANDBOOK 1974 (published
December), £3.15. Delivered direct from Degmark if
ordered now. HOW TO LISTEN TO THE WORLD
i€2dOOd P_ostagz .anc} VAg included. Every order acknow-
edged immediately, avid McGarva, PO B
Edinburgh, EH1 1HP. e

SERVICE SHEETS for® Televisions, Radios, Transistors,
Tape Recorcl'ers., Record Players, etc., from S5p. with
free Fault Finding Guide. Catalogue 15p. Please send
§7Ath \ynt!l\{ a:llsorlfigrs/enquiries. Hamilton Radios

ohemia Road, St. Leonards-on-Sea, Sussex. Teleph
Hastings 29066. cephons

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

MAGNIFIERS: Ideal for the inspection of printed circuit
boards, etc. S.A.E. for list to Revor Optical & Technical,
36 Baker Street, London W1M 1DG.

FOR SALE: 9.5mm Cine Camera, reconditioned, in leather
case. Four Super-8, 100 ft. cine film reels in plastic case.
For sale or exchange. W.H.Y.? Box No. G220.

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

AMIDON TYPE TOROID CORES.. For details send
S.AE. to: T.M.P. (Electronic Supplies), Office address:
3 Bryn Clyd, Leeswood, Mold, Flintshire, CH7 4RU.

(Continued on page 257)
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BENTLEY ACOUSTIC CORPORATION LTD.

All prices inclusive of V.A.T.
The Oid Police Station, Gloucester Road, LITTLEHAMPTON Sussex. PHONE 6743

OA2 3 12AT6 .28 EB9I .12 EL9S .32 PFL200 .50 UMso .33

2 .33 12AU6 .38 EBC41 48 ELL80 .75 PL36 .46 UY4r .38
SU4G .30 12AV6 .28 EBC81 .29 EMS80 .37 PL8I 4] Uyss .23
SV4G 35 12BA6 .30 EBF80 .30 EMS8| .37 PL82 .31 X41 .50

SY3IGT .30 12BE6 .30 EBF83 .38 EMB3 .75 PL83} .30 AC165 .28
324G .34 12BH7 .27 EBFBY .26 EM84 31 PLB4 .28 ADI40 .40
6/30L2 .55 12Ks .53 EC92 .34 EM87 .49 PL504 .60 ADI149 .35
6AQ5 .35 15AQS .42 ECC111.50 EYS1 .35 PL508 .90 ADI6] .50
6AST 1.00 20P4 .80 BCC35 .95 EY8} .54 PLS09 1.00 ADI162 .50
6AT6 .30 0CIs .58 ECC381 .20 EY87/6 .27 PL802 .85 AF114 .28
6AUS .28 JoC17 .76 ECC82 21 EY88 .40 PY33/2 .50 AF115 .17
6AVE .33 30C18 .70 ECC83 .22 EZ40 40 PY8l .25 AF121 .33
6BA6 .20 JI0FS .61 ECC84 .30 EZ4i 42 PY82 .23 AF126 .20
6BE6 .20 30FL1 .58 ECC85 .34 EZ280 .19 PY83 .26 BCi07 .14
6BH6 .70 30FL2 .60 ECCs88 .13 EZ81 .20 PY88 3l BC10§ .14
6BJ6 .39 JOFL14 .66 ECFB0 .27 GYSs01 75 PYS00 .80 BCI0S .11
6BQ7A .50 JoL1s .55 ECF82 .25 GZz34 .57 PYS00A BC113 .28
6BR7 .90 0017 .65 CF86 2 .53 BCI18 .25
6BR8 .75 P12 .69 ECHJ5 .50 KTW61 .63 PY800 .31 BCZI! .42
6BWE .72 30P19 .65 ECH42 .59 KTW62 .63 PY801 31 BF159 .28
6BW7T .50 30PL1 .57 ECHS| .28 KTW63.50 QQ BF163 .22
6BZ6 .49 JOPL13 .75 ECHB83 .38 KT41 .98 10 1.20 BF180 .33
6C4 .28 30PL14 .73 ECHB84 .34 KT66 .80 R19 .28 BY100 .20
&CUS .75 30PL13 87 ECL80 .28 PABCE0 u2s .65 BY126 .17
6ES .75 ISL6GT.42 ECL82 .28 32 U .60 BY127 .20
6F1 .70 Iswe 23 ECL8} .52 PCB6 .44 Uil .65 0A91 .10
6F6G .13 35Z4GT.24 ECL84 .54 PCBE .44 Usol .76 QA9 .10
6F18 .53 35Z5GT.30 ECL85 .54 PC97 .36 UABCS80 0cC23 42
6F2) .65 S0BS .35 ECL86 .33 PC900 .29 30 OC24 .42
6F28 .60 30C EF22 63 PCC84 .29 UAF42 49 0OC25 .42
6H6GT .18 L6GT 45 EF4] .58 PCC8S .24 UBC41 .45 0C3s .35
6ISGT .29 AF9] .22 EF80 .23 PCCH8 .39 UBC81 40 OcCa4 .11
6K7G .12 DAF96 .36 EF8)} .34 PCCBY 42 BFB0 .33 Qc4s 12
6KEQ .33 DF91 .16 EF8 .28 PCC18% 46 UBF89 .33 QC46 .17
6L6GT .55 DF9 .36 EF86 .30 PCF80 .26 ucez .18 OC70 .14
6Q7G .44 DK91 .28 EF89 .23 PCFE2 30 UCCss 33 OoC1i .12
6QTIGT .47 DK92 .50 EF91 .17 PCFB84 .40 uccHs .33 oc72 .12
6V6G .17 DK9% .45 EF92 .30 PCF86 44 UCF80 .31 QC74 .25
sV6GT .27 DL92 .26 EFI83 .25 PCF801 .40 UCH42 .57 ocCIs 12

4 27 96 . EFi84 .27 PCFE802.37 UCHS1 .29 ocC .17
6X5G .28 DY87/6.22 EH90 .34 PCFB806 .55 UCLS82 .30 QC78D .17

4 .65 802 .31 EL32 .50 PCLB2 .29 UCLS3 .54 ocs1 .12
D7 40 E88CC .60 EL34 48 PCL8) .34 UF41 .50 OC81D .12

F1 50 E180F .90 EL}7 .73 PCLB4 .32 UF80 .35 OoCs2 .12
10F18 .55 AS0 2 EL41 .53 PCLBOS .55 UF8s .34 QC82D .12
12A6 EABC80 EL84 .23 PCLB6 .36 UF86 3 ocsy .22
12AC6 .58 . EL8S 40 PDS00 |.44 UF89 7 OC84 .26
12AD6 .60 EAF42 .48 EL86 .38 PEN4S 80 UL41 ; 0C205 .47

12AE6 .60 EAF801.50 EL91 .38 l“EN-tSDIx)o ULsd .

All goods are unused and boxed, and subject to the standard 90-day
guaraniee. Terms of business: Cash or cheque with order only. Despatch
charges:- Orders below £5, add 10p per order up to three items. each add-
itional item 3p extra. Orders between £5 and £10 add 25p total. Orders over
£10 post free. Same day despatch by first class mail. Terms of business
available on request. Any parcel insured against damage in transit for only
3p extra per order. Business hours 9 a.m.-5.30 p.m., Mon ~Fri. Closed 1-2
p.m. Please enclose $.A.E. with all enquiries.

FUN
WITH

by Gilbert Davey
edited by Jack Cox

In this new book Gilbert Davey defines
exactly what high fidelity sound is. He
describes the different links in the hi-fi
system — the playing deck, cartridge, tuner,
amplifier, loudspeaker and loudspeaker as-
sembly — and the part each plays in the
reproduction of hi-fi sound. He tells the
reader what kind of equipment is available
today, and concludes with the latest develop-
ments in stereo headphones and four-track
stereo—'quadrophonic sound.’

PUBLISHED BY KAYE & WARD
21 NEW STREET, LONDON EC2
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THE MODERN BOOK CO
UNDERSTANDING SOLID-STATE ELECTRONICS

A basic course in semiconductor theory
by Texas Instruments Price £1.40

HOW TO BUILD SOLID-STATE AUDIO ELECTRONICS IN MUSIC

CIRCUITS by M. Horowitz £1.90 by F. C. Judd £3.30

UNDERSTANDING & USING RADIO TRANSISTOR AUDIO & RADIO CIRCUITS
COMMUNICATIONS RECEIVERS by Mullard £1.95

by J. Schultz £1.40 TRANSISTOR EQUIVALENTS

AUDIO SYSTEMS HANDBOOK by De Muiderkring £1.90

by N. H. Crowhurst £1.35 COLOUR T.V. PICTURE FAULTS
ELECTRIC MOTOR TEST & REPAIR by K. J. Bohiman £2.60

by J. Beater £1.40 RADIO., T.V. & AUDIO TEST

HOW TO SOLVE SOLID-STATE CIRCUIT INSTRUMENTS by G. J. King £4.00
TROUBLES by W. Lemons £1.90 COLOUR T.V. SERVICING

TEST INSTRUMENTS FOR ELECTRONICS by G. J. King £4.60

by M. Clifford £1.40 BASIC THEORY & APPLICATION OF
NEW IC FET PRINCIPLES & PROJECTS TRANSISTORS

by K. W. Sessions £1.20 by U.S. Dept. of the Army £1.05

AUDIO TECHNICIAN’'S BENCH MANUAL TAPE RECORDER SERVICING MANUAL

by J. Earl £3.15 by H. W. Hellyer £3.50
ALL PRICES INCLUDE POSTAGE

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

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

PLAIN-BACKED |
NEW STYLE SELF-BINDERS

fhe “CORDEX" Patent Self-Binding .
Case will keep your copies in mint

condition. Issues can be inserted or for your Other magazmes
removed with the greatest of ease. (max. format 74" x 9{°)
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 RESIL!-
ENCE of the Cords. Any slack that may
develop is immediately compensatea 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.

] ] p P.&P.14p i ———a
. ; 7 ’ - g ¥ .g. = " ‘
including V.A.T. COLOURS: MAROON OR GREEN

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

Data Publications Ltd. 57 Maida Vale London W9 1SN
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'SMALL ADVERTISEMENTS
(Continued from page 255)

FOR SALE: “Aerokits” Model Patrol Boat, 40 in. long,
11 in. beam, fitted Taplin Twin engine and twin rudder
steering. Superstructure needs completion. Raven 4
channel reed radio control Rx and Tx, needs fitting into
boat. £50 o.n.0. Box No. G221.

STOP THIEF! New Burglar Alarm Kit only £18.50. Battery
operated. Easy installation. Choice of three security
patterns. Or build our transistorised Alarm Circuit, com-
plete kit £2.75. Castle Alarms, P.O. Box WO6, Windsor,
Berks.

WORLD DX CLUB covers all aspects of SWLiug on
Amateur and Broadcast Bands through its monthly
bulletin *“Contact”. Membership costs £1.38 a year.
Enquiries to Secretary, WDXC, 11 Wesley Grove,
Portsmouth, Hants., PO3 5ER.

NEW AND USED COMPONENTS and hardware for
Radio Constructor projects. S.A.E. for . list. David
Coulam, Tathwell, Louth, Lincs., LN11 9SR.

STAMP COLLECTION, Commemoratives - IGY, Rail-
ways, Space, etc. etc. Cat. value around £150. For sale
or exchange radio gear. Box No. G222.

AVOMETER & ELECTRONIC TEST EQUIPMENT.
Repair & Calibration by experts. ‘Q’ Services Electronic,
29 Lawford Crescent, Yately, Camberley, Surrey, G.U.17.

FOR SALE: Radio Constructor, March 1969 to September
1970, 21 copies £1.80. Practical Wireless, April 1969 to
September 1973, 54 copies £4.50. Perdio radio L.M./JE.M.,,
needs repair, £2.00. Ascot sink water heater, converted
N.S. gas, £4.00. Please collect or add postage. King,
g’gzmt Cottage, Dale Hill, Ticehurst, Sussex. Telephone:

JOIN THE INTERNATIONAL S.W. LEAGUE. Free
services to members including Q.S.L. Bureau, Amateur
and Broadcast Translation, Technical and Identification
Dept. - both Broadcast and Fixed Stations, DX
Certificates, contests and activities for the SWL and
transmitting members. Monthly magazine, Monitor,
containing articles of general interest to Broadcast and
Amateur SWLs, Transmitter Section and League affairs,
etc. League supplies such as badges, headed notepaper
and envelo;;es, QSL cards, etc., are available at reasonable
cost. Send for League particulars. Membership including
monthly magazines, etc., £2.00 per annum. (UK. and
British Commonwealth), overseas 6 Dollars or £2.50. Sec-
retary ISWL, 1 Grove Road, Lydney, Glos., GL15 SJE.

COPPER CLAD PAXOLIN PANELS, 5} x 5% in., 6-45p.
7% x 9in., 25p, 6-£1.20. 10 x 9in., 35p, 6-£1.40. Fibre Glass
3% x 1{in,, 6-40p. MOVING COIL METERS, 3 assorted
2in. - 3in. £1.40. Prices include V.A.T. and post. J.W.B.
Radio, 2 Barnfield Crescent, Sale, Cheshire.

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,

(Continued on page 259)
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PRIVILEGE OFFER TO R. C. READERS

Headphones or Speakers; suitably terminated
Connectors; Handbook; Carriage; Insurance: In
addition a Joystick V.F.A. (aerial): Joymatch
Feeder; Insulators; are supplied free or
greatly reduced when you buy a PARTRIDGE
b 3 PACKAGE

A PARTRIDGE PACKAGE constitutes a COMPLETE RADIO STATION - ready
for use, however confined your domestic space. The worid renowned TRIO range

ATU.

of C 1s R

PARTRIDGE PACKAGE

G3CED

an
nationally ‘patented JOYSTICK V.F.A (all band aerial) only 7° 6 long and a
JOYMATYCH aerial tuning unit, a pair of matching Headphones or internal Speaker,
plus accessories go to complete your ready to use RADIO STATION at a price that
truly represents VALUE FOR MONEY!

No. 1 with General Coverage AM/CW/SSB (MW--SW) 9R69DS receiver £67-77
No. 2 with Amateur Bands. AM/CW/SSB JR310 receiver

No. 3 with Amateur Bands, AM/160 thru 10 and 2M. JR599 receiver
No. 4 with Amateur Bands 80 thru 10M TS/PS 515 Transceiver, 180W £231 00
NOTHING MORE TO PAY! ACCESS/BARCLAYCARD orders accepted by

‘phone.
BROCHURE 3p STAMP

8OX 3, PARTRIDGE ELECTRONICS LTD., ——G3VFA
BROADSTAIRS. KENT Tel: 0843 62535

C s. the WORLD RECORD. inter

£90 90
£176-00

p. p. 15p.

LA2100 3 to 200kHz 50p.

MASSIVE CLEARANCE BARGAINS
Bargain component parcels contain Resistors, Capacitors, Switches,
Potentiometers, Knobs, IF's, Tag Strips, Drive Drums, Transistor
Panels etc., etc. Save yourself £s on these well selected parcels
6ibs net weight £1-00, p. p. 40p.
Assorted Electrolytic Capacitors. 6lbs net weight £1-00, p. p. 40p.
Brand new Wire-wound Resistors. Good Selection. 100 for £1

Mullard Ferrite Pencil Magnets 15" x %", 100 for £1-25, p. p. 16p.
Assorted Computer Panels. These panels are exceptionally good
value and contain a minimum of 75 transistors, stacks of diodes
plus Trim Pots, Polyester Capacitors, Resistors and include a few
1.C.s. 10 panels for £1.00, p. p. 25p.

Mullard Ferrite Cores. LA3 100 to 500kHz. 50p. LA4 10 to 30kHz 75p.

Please include 10% V.A.T. to total cost of goods.
MAIL ORDER ONLY

XEROZA RADIO

1, EAST STREET,
BISHOPS TAWTON,
DEVON

Jointhe Digital Revolution

Digital Computer
Logic and
Electronics

Teach yourself the
latest techniques of
digital electronics

Computers ang calcuiators arg oaky the boginning of the
digita revolution in electranics. Teleshones, wristwatches,
TV, sutomobile instrumentation ~ these will be just
some of the avplication areas in the next few years

Are you prepared 10 cope with these developments’

This four votume COurse Quides ¥ou step-by-step with
hundreds o diagrams and questions through number
systems, Boolean aigetra, truth tables, de Morgan's
theorem, Hliptiops. registers, counters and adders. All
rom first principles The only initial ability assumed
is simple arithmetk

Al the end of the course you will have broadened your
horizons, career prospects and your fundamental under-
standing of tha changing world around you.

£2.95 Acomplete programmed learning course in 4 volumes

including post & packing

Guarantes
If you are not entirely satistied with Digital Cormputer
Logi and Electronics you may retura it 10 us and your
money wlil be refunded in fuil. "o guestions asked

Designar This course 1s written to meet your

Manager needs in cOmMINg 10 grips with the

Enthusisst theory and practica of digital logic and
Scintist slectronics. The programmed mstruction
Engineer system ensures 3 high lavel of retention

Student of everything vou learn.

To: Cambridge tearning. 8a Rose Crescent. Camby idge

Please send me . setlsl of Digital Computer

Logic and Electronics at £2.95 for which | enclose
chegue/PO/money order value
Name

Aadress
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i
Photograph shows a circuit built on RING BOARD
containing 42 components.

RING BOARD is a fantastic new quick and easy method to
transfer an electronic diagram to a workable printed circuit.

Special Opening Price

Normail price per Full board 55p 47p
oo .. . Haifboard 33p 26p
o .. .. Qtr.board 22p 16p

RING BOARDS can be cut into half and quarter boards and
still retain the same characteristics.

Full instructions of method with each RING BOARD
purchased.

RING BOARDS are:

1. Simple to use.

2. Little or no planning.

3. Positive and negative rails

5. Build what you like when
you like.
6. Neat and professional

easily recognised. finish.
4. Can be used with split 7. Flux varnished for easy
voltage systems. soldering.

THE ‘PLUS’ CATALOGUE

+ Technical data + Countless bargains + Discounts

+

25p
REFUND VOUCHER

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

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

ELECTROVALUE LTD. =<

28 St.-Judes Rd., Englefield Green, Egham, TW20 0HB
9-6 daily: 1.0 p.m. Sat. Telephone Egham 3603

dQ0a0eE

258

"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 help qualify yourself
for a new, better-paid career! No dreary ploughing through
page after page of dull facts and figures. With this fascinaung
Technatron Course, you learn by building!

You build a modern Transistor
Radio a4 Burglar Alarm. You
learn Radio and Electronics by
doing actual projects you enjoy —
making things with your own
hands that you'll be proud t own!
No wonder it’s so fast and easy to
learn this way. Because lcarning
becomes a hobby! And what a
profitable hobby. Because oppor-
tunities in the field of Radio and
Electronics  are  growing faster
than they can find people to fill the
jobs!

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

ever dreamed possible.

Yes! Faster than you can imagine,
you pick up the technical know
how you need. Specially prepared
step-by-step lessons show you

how to: read circuits — assemble
components build things -
experiment. You enjoy every

*minute of it!

You get everything you need.
Tools. Components. Even a ver-
satile Multimeter that we teach
yvou 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 il in casy payments - in
fact you could make extra cash
from spare-time work when you’ve
turned yourself into a qualified man
through B.L.LE.T. training.

POST
TODAY FOR
FREE BOOK

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

Yes, t'd llke to know more about your course. Please send
me lree details—plus your big, 76-page book that tells
about all your courses.

So fast, so easy,

this personalised course
will teach you even if
you don’t know a thing
today!
No matter how lititle you know
now, no maiter what your back-
ground or education, we’ll teach
you. Step by step, in simple
easy-to-understand language, vou
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 vou
ook at what you have achieved.
Within weeks you could hold in
your hand your own powertul
radio. And after the course vou
can go on to acquire high
powered technical dualifications,
because B.I.LE.T.’s famious courses
go right up to City & Guilds
levels.

Send now for FREE

76 page book - see how

easy itis - read what
others say!
Find out more now! This is the
gateway 1o a thrilling new carcer,
or a wonderful hobby you’ll
enjoy for years. Send the coupon
now. There’s no obligation.

QH|BRE 09

BRITISH, INSTITUTE OF ENGINEERING TECHNOLOGY
RADIO & ELECTRONICS CONSTRUCTOR




SMALL ADVERTISEMENTS
(Continued from page 257)

1000 RESISTORS £1.50. Resettable overload switches 20p.
6 panel meters £2.50. J. Fulton, Derrynaseer, Dromore,
Co. Tyrone, Ireland.

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

QSL’s TX, SWL, 100 34p. 500 £1.50, 1,000 £2.85. Logs 25p
to £1.25 post paid. 4p for samples.
Rallymaps of West Wellow, 14 Kingston Park, West
Wellow, Romsey, Hampshire.

THE BRITISH AMATEUR ELECTRONICS CLUB. A
club for all who are interested in electronics as a hobby.
Quarterly Newsletter sent free to members. Subscription
50p per year. Details from Hon. Secretary J. G. Margetts,
11 Peartree Avenue, Ditton, Maidstone, Kent.

FOR SALE: Radio Constructor Volume 4 onwards with
indexes, £1.25 per volume. VHF oscillator £9. Variac
7 amps £5.50. Relays from 5p each. S.A.E. for large
clearance list. Meek, 39 Horsebrook Lane, Brewood,
Stafford. Telephone: Brewood 850760.

W.D, INDICATOR, cathode ray type 1. Contains Sin. c.r.t.
and 14 valves. Ideal basis ’scope or monitor. £3 each.
Callers only. Davies, The Lymes, Priory Road, Bowdon.
Cheshire.

FUSEHOLDER WITH NEON OR 6-12V, 18-3QV indicator
bulbs 25p. 7.5V a.c. 6-pole C/O sealed relay 40p. J.
Fulton, Derrynaseer, Dromore, Co. Tyrone, Ireland.

PERSONAL

JANE SCOTT FOR GENUINE FRIENDS. Introductions
to opposite sex with sincerity and thdughtfulness. Details
free. 3p stamp to: Jane Scott, 50/CON Maddox Street,
London WIR OLY.

{F YOU HAVE ENJOYED A HOLIDAY on the Norfolk
Broads, why not help to preserve these beautiful water-
ways. Join the Broads Society and play your part in
determining Broadlands future. Further details from:-
The Hon. Membership Secretary, The Broads Society,
*Icknield”, Hilly Plantation, Thorpe St. Andrew, Norwich,
NOR 858.

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.

RECITALS OF RECORDED MUSIC. The second Saturday
evening of each winter month. Next recital: November
10th, 1973, 8 p.m. at Woodford Green United Free Church
Woodford Green, Essex. Bus routes 20, 20A, 179 and 275 -
alight at **The Castle” stop. Programme consists of works
by Mendelssohn, Dvorak, Berlioz and Saint-Saens.

MORSE MADE EASY!!!

FACT NOT FICTION. I you start RIGHT you wili be reading amateur and com-
mercial Morse within a month. (Normal progress to be expected.) Using
scientifically prepared 3-speed records you automatically learn to recognise
the code RHY THM without translating. You can'thelp H. it's as easy as learnin
a tune. 18-W.P.M, in 4 weeks guaranteed. Complete course, 3 Records an
Books, £4.50. P.P.I. etc. plus 10%..(Qverseas £1 extra). Or details only, 4p
stamp. Or phone S. Bennett, G3HSC, 01-660 28%6.

Box 38, 45 GREEN LANE, PURLEY, SURREY.
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ESSENTIAL BOOKS

HANDBOOK OF TRANSISTORS EQUIVALENTS AND SUBSTITUTES. Includes
many thousands of British. USA and Japanese transistors. 78 pages. 40p. p.p. Sp.

HANDBOOK OF RAOIO, TV. AND INDUSTRIAL TUBE AND VALVE EQUIVA-
LENTS. 40p. pp. 5Sp.

PRINCIPLES OF ELECTRICITY & MAGNETISM. Page & Adams. A course in electricity
and magneusm for student, technician and el ics engineer. As ded 1o tech-
nical colleges, universities atc. Fuily illusirated. 532 pages. Pubhshed at £4.60. Special
offer of £2.25 per copy p.p. 30p.

CONSTRUCTORS MANUAL OF ELECTRONIC CIRCUITS FOR THE HOME. Just
published. Contains many Interesting and useful gadgets for the home. Full circuits, data and
instructions. 50p post free.

HOW TO MAKE WALKIE-TALKIES FOR LICENSED OPERATION. 40p. pp. 10p
ELECTRONIC NOVELTIES FOR THE MOTORIST. 50p. post free.

HANDBOOK OF PRACTICAL ELECTRONIC MUSICAL NOVELTIES. 50p post free
PRACTICAL TRANSISTOR NOVELTY CIRCUITS. 40p. pp &p

THE THEORY OF GUIDED ELECTROMAGNETIC WAVES. R Wajdron. The most

comprehensive book ever written about Waveguides Trac Lines. Cavity R
Micro-Waves. Published at £11 50. Special offer of £6.25. p.p 35p

THE SCATTERING & DIFFRACTION OF WAVES. A goldmine of information for the
expermenter, amateur and scientist. Pubtished by Oxférd University Press. £1.60. p.o. 15p.

THE GOVERNMENT SURPLUS WIRELESS EQUIPMENT HANDBOOK. Gives
circuits data and ilustrations plus valuable information for British/USA receivers. transmitters
wans/receivers. With modifications to sets and test equipment. Latest impression £3.25
including postage.

DIRECTORY OF GOVERNMENT SURPLUS WIRELESS EQUIPMENT DEALERS.
Gives details of surplus wueless equipment stores and dealers Including addresses, plus
equipment and spares that they are likely to have available. A valuable book only 40p p.p. 10p.

NEW BOOKS. Publication date tor these three titles is Nov. 15 Order now to
avaid disappointment as the first impression of each is expected to be & sell-out

MOBILE RADIOTELEPHONE EQUIPMENT HANDBOOK. Gives circuits

data. ahd llustrations plus some valuable modifications for commercial radio

telephone equipment inciuding PYE and other popular makes. £4 including
postage

HOW TO MAKE 2 & 4 METRE CONVERTERS FOR AMATEUR USE.
50p. p.p. 10p

ADVANCED B0OOK OF CRYSTAL SET DESIGNS. 35p. pp. 5p

| PERSONAL CALLERS WELCOME AT QOUR NEW SHOWROOM & TRADE
COUNTER, Hartleys Yard, Oft Town Street. ARMLEY, LEEDS 12. Just past
The White Horse Inn. The North's largest sel of Radio and ics Books
L plus thousands of books on all subjects at discount prices.

HANDBQOOK GF SATELLITES AND SPACE VEHICLES A comprehensive working

db: that provides import; data both tabular and graphical enabling space sclentists.
technicians and telecommunicalion engineers to acquire a greater working knowledge
ot satetiite and space vehicle design, launching. orbiting etc. Includes a detajled coverage
of COMMUNICATIONS IN SPACE. An Imposing book of 457 pages. Published at £8.20.
Available at the trade price of £6.50 post free.

Send S.A E tor Free Lists of Radio, Elecironics Books. Any book in print on any subject
obtained. Please state title, author and publisher.

Al mail order 10: Dept. R.C. Gerald MYERS (Booksaller & Publisher).
T

18 SHAFTESBURY STREET, LEEDS LS12 3B
Callers weicome 10 new showroom address shown in advert

/ Micmn\._ =

RADIO CONTROL 4«1'&”‘
TOP QUALITY KITS—A FASCINATING HOBBY, :

TRANSMITTER FOR FOUA CONTROLS - MIGH R:F. QUTPUT. DIGITAL INFORMATION TYRE.
KT INCLUDES CASE, BASE LOADED AERIAL PRINTED CiACUIT
TOP QUALITY COMPONENTS, SPECIAL DUAL AXIS STICK UNITS AND
DRGS  €19.98

RECEIVER WITH FOUR CONTROL DUTPUTS - ONLY 33 1§ . 1. LESS THAN 3£V
SENSITIVITY GIVING 1 MILE RANGE KIT INCLUDES CASE, PC. 80ARDS

WOUND COILS, TOP OUALITY COMPONENTS AND DRGS  €9.58

SEAVO UNITS ONE REOUIRED FOR EACH CONTROL ONLY 1§ 1 §° HAS 23ib PULL,
KT INCLUDES SUPER QUALITY 5 POLE MQTOR AND CSRMET POT.
ALSQ SIX TRANSISTOR AMP XIT WITH DRGS. £6.95

VAT IS INCLUDED,

OTHER ITEMS TOO - SAE FOR LEAFLET

AERCON developments
85 NETHERFIELD ROAD

SANDIACRE MAIL ORDER ONLY

NOTTINGHAM

SYNTHESISER
MODULES

Voltage-controlled modules for synthesiser construction and
other musical MIRACLES| Catalogue 15p. D.E.W. Ltd., 25«4
Ringwood Road,- Ferndown, Dorset.
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5 00

£12.65

A precision tool using a combination of

A5

butane and compressed oxygen or

micronox. U.S.A. manufactured

Gives a flame of pencil lead

thickness. Adjustable

temperatures /

up to 5,000°F,

Lights instantly. No priming. Cuts metals, welds,

brazes and solders etc., gold and silver. ldeal for

electronic construction and all fine precision work, clock makers, silver-

set of 2 micronox and 1 butane cylinders £1.45 inc. post. Complete with
detailed instruction. Only £12.65 plus 35p p. & p. Send £13.00.

JOHMNDUDLEY & CO. LTD,, (Dept. RC4), 301 Cricklewood Lane
London, N.W.2. Tel.: 01-458 5917 Callers welcome - Easy Parking

THIS ISSUE — RADIO CONTROL

FULL KIT OF PARTS FOR R. D. L. MACKIE’S

DECODER FIBREGLASS P.C. BOARD, TOP

GRADE COMPONENTS, WIRING, SOLDER

AND SPECIAL NYLON' CASE TO ACCEPT
MATCHING SUPERHET RECEIVER (ALSO £5 25

QVAILABLE) (CRG)
ODIFIED VERSION FOR ‘M N’ SYSTEM

INC. DRG. £5.50

AERCON 85 NETHERFIELD RD.

SANDIACRE, NOTTINGHAM (inc. VAT)

smiths, etc. Up-to 40 minutes operation using fuel supplied. Replacement |

10 FREE (W C/FILM RESISTORS
your choice, for every £1 of goods (excluding VAT).

BRAND NEW FULL SPEC. COMPONENTS: BC1078, BC108A/B/C, BC109B ALL
8p. TIS43 30p. 2N3055 35p, 2N2926 GRN 10p. FET 2N3819 25p, BFY51 13p,
BCY70 16p, OC45/7t 10p. PLASTIC RECTIFIERS: 1N4001 1A/50V 4p.
2A/100V 11p, 2A/200V 12p. CARBON FILM RESISTORS 3W 5% 0.7p ea. 28p/50
your choice. (22()-2.2M) UNMARKED BARGAIN PAKS: Properly tested. Guar-
anteed hfe spreads. Individually colour coded. PAKs of 5 at 23p. PLASTIC BC108A
hfe 1256-240; PLASTIC BC109B hfe 240- 500 OAZOO DIODE PAK of 5 at 20p.
COMPONENT CAT: FREE ( istors, dware, aluminium etc.)
ADFONIC (RS).18 Yew LN, Ashley, New Mllton Hantl BH25 5BA. CW.0.
P &P 9p. Mail Order Only. Money Back if not satisfied. Please add 10% VAT to total.

THE CHILTERN MARKER GENERATOR
for frequency checking and receiver alignment
Designed for amateurs, SWLs and professional use. Provides
fundamental frequencies and harmonics to over 450 Mhaz.
These professional units, built on high quality fibreglass P.C.
board are so popular and reliable that we now guarantee them
for 6 MONTHS. Despite this the price is still the same asin 1971.
Mk | provides outputs at 1 Mhz, 500, 100, 50 and 10 Khz. £6.25.
Mk Il provides 1 Mhz, 500, 100, 50, 25, 12.5 and 6.25 Khz. £7.00.
Kits also available. All prices VAT, Post and packing paid.

Send crossed cheque or Postal Order to:
CHILTERN AMATEUR RADIO CLUB, GS8CAR,
38 WHITE CLOSE, HIGH WYCOMBE, BUCKS. HP13 5NG
or S.A.E. for further details
COMING SHORTLY: 50 Mhz AUTORANGING FREQ/PERIOD
COUNTER - WATCH OUT FOR FURTHER DETAILS.

FREQUENCY LIST TRANSFERS

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

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

140 pages.

I enclose Postal Order/Cheque for........... -

NAME ...

260

DATA BOOK SERIES

DBS TV FAULT FINDING
124 pages. Price 50p, postage 6p.

DB6 RADIO AMATEUR OPERATOR’S HANDBOOK
80 pages. Price 4Sp, postage 6p.

DB16 RADIO CONTROL FOR MODELS
192 pages. Price 7Sp, postage 10p.

DB17 UNDERSTANDING TELEVISION
512'pages. Price £2.10, postage 25p.

DB18 AUDIO AMPLIFIERS
128 pages. Price 53p, postage 6p.

DB19 SIMPLE SHORT WAVE RECEIVERS

Price 80p, postage 6p.

ADDRESS ..o

Postal Orders should be crossed and made payable to Data Publications Ltd.
Overseas customers please pay by International Money Order.
All publications are obtainable from your local bookseller.
Data Publications Ltd., 5§57 Maida Vale, London W9 1SN

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS

RADIO & ELECTRONICS CONSTRUCTOR
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l DONT RELY ON YOUR MEMORY
BUY NOW AT BARGAIN PRICES "e

Order your latest Henry's Cataiogue Price 55p post paid
complete with Discount Vouchers

BUILD THE | BUILD THE NEW

HENELEC
EXAN STEREO FM TUNER

A completely new high stabillty stereo FM tuner. Features varlable

20 + 20 wATT Ic capacity dlode tuning, stabiliser power supply, IC Decoder, high

gain low noise. IF stages, LED indicators.

nrys

You pay less
VAT with Henry's
Low Prices

R N g A A STEREO AMPLIFIER | e reovp rc oo o
overall size in cabinet 155" x 23" x 68", 6-IC’s, As featured by operated. Slim modern design with

10 transistors, stabilisers. Gardners low field
S transfarmer. Fibre Glass PC panel, complete
chassis work. Now available built and tested as well as In kit form.
HIGH QUALITY & STABILITY ARE PREDOMINATE FEATURES
DEVELOPED BY TEXAS ENGINEERS FOR PERFORMANCE,
RELIABILITY AND EASE OF CONSTRUCTION FACILITIES. K
On/off switch indicator, headphanes socket. separate treble. Henry's are sole distributors UK ard Europe
bass, volume and balance controls, seratch and rumble filters,
monojstereo switch, input selector: Mag. P.U. Radio Tuner. Aux.

Can be altered for Mic., Tape, Tape-head etc. Constructional KITERICE £2 ' 00 (+ VAT)

4%
details Ref. No. 21 30p. Distributed by Henry's throughout UK. (:/ -
FREE " Teak et sompees | 294 or bult a4 eies £24.95 (= VAT)

(+ VAT (+ VAT 50p LIVING SOUND LOwW N
I Al \ OISE TOl
KiT 50 or built ond tested carr packing) BY EMI TO . INTERNATIONAL STANDARDS ESPECIALLY | FOR
pHICE ° can/packing) ° as illustrated HENRY'S. ALL POST PAID LESS THAN 4 REC. PRICES

Practical Wireless fibre glass PC, Teak cabinet, ete

U Available as a kit to build or ready
built. Overall slze 8" x 23" x 63" :
Produced to give high performance with
a vrealistic price (Parts Dst and con-
structional  detalls Ref No. S 30p)

21f§3 10 for 25 for
C 60 -uooi - n-so:r’_zs_s
C 9 £1-33 125 4-20 /
;‘:mv' 03’??'5“ EASY TEXAN N =
] i d d iries, i d -
PORTABLE DISCO STEREO SYSTEM T A A e ahyase .

book. German — French — Spanish —

EQUIPMENT BLOSERRICERSAVINGS ltalian €136 per course. €5 for any 4.
DISCO MINI A complete portasle disco,
fitted mixer/preamp, 2 decks all facilities. £98-50
100 watt amplifier for above £3875
SLIGO 100 watt mixer ampliier with lider LOW COST HI-FI SPEAKERS
controls £69-00
RS0 50 watt mixer/amplifier £49:50 SPECIAL OFFERS
DISCO AMP 100 watt mixer/amplifier chassis EMI 13" x 8 — full range speakers
unit £65-85 (post 20p cach or 30p pair)
DISCO  MIXER/PREAMPLIFIERS (OP for *1S0TC — 8 ohms Twin Cone 10 watt
up to 6-100 wart amplifiers) £2:20 cach or £4-00 pair
SDL! (rotary controls) £49 50 *450 10 watt Cjo Twin Tweeiers 3, 8 or
15 ohms £350 each or £6:90 pair
DU e Feoncrch) £58;50 EW 15 wate 8 ohms Clo Tweeter £430
D_ISCO YOX (slider controls) the complete each or £7-90 pair
disco unit £69-50 350 20 watt Cjo Tweeters, 8 or 15 ohms
DJ100 100 watt power amplifier for above 3875 £750 each or £1420 pair.
DJIOL 3 channel 3kw sound to light £29-50 * Polished wood cabinet €460 post 3Sp.
DJ4OL as 30L plus built in micraphone 3875
DIMANATIC 1 kW adjustable speed auto gonmsifuliransel(poseaip)] e
dimmer £2500 o
FRES 64 10 wate £5:50
SCENE STROBE {1900. ROAD STROBE £25:00 FRE % 15 watt 160
Disco antl-feedback microphane £11.95 FR23 9 x 6" 15 wate £6:00
Colt 150 watt liquid wheel projector £2250 ey g 3 ode the bigh 2:1525 & M0 R‘;NGE —8 of"“ss(Post 20p) o
: § e Texan Stereo Systems include the higl * watt i3
150 watt Q1 Hiquid wheel projecior £5000 quality Texan Stereo amplifier assembled and 8110 5y 15 ware £5:60
150 watt Q1 cassette whee! projector €50 00 ready’ to use. A par of Type 200 20 watt B200 g 15 wate €645
Spare Effects cassettes large range of patterns £8:00 Speaker-Tweeter systems size 217 x 12" x 10" B13972 13" x8" 30 watt LF £10-25
Minl spot bank ficted 3 lamps 11100 and a choice of Garrard players built into a TWEETERS AND CROSSOVERS (post 20p)
Auto Trilite (mini wich flashers) Biion plinth with cover with Goldring GBO0 magnetic K2006 10 watt 9 or 15 ohms €190
Mixer/Mics/Speakers/Lighting UK's largest range cartridge System 25 uses Garrard SP2S Mk Il FHT6 15 watts 8 ohms £320
B e and system 76 the Garrard APT6 de luxe K201 30 watt 8 ohms €75
s GEST RANGE turntable. Al necessary leads are supplied 27 KEF - £4.25
FREE stock list ref. No. 18 on request. Axcent 100 30 watt 8 ohms £4.90
System 25 (st approx. £109)  £79:50 Ks008 IkHzlSkite Clo an
System 7€  (hst approx. £117) 8950 SPEAKER KITS (mr’ e 35p)
(plus 10% VAT and plus €145 carr/packing) S SRS 30 watt £1000 each
20-3 4 40 wat £1500 each
LINTON 2 20 watt £1595 pair
GLENDALE 3 30 watt £2895 pair
Barclaycard/Access, call, write or EOVEDKALE 3 50 watt c;g% pairh
EF KK2 c eac
phone, your order 01-402 4736 s B £32:00 each
EASY TERMS FOR CALLERS = - -

A complete kit, packaged in a polystyrene contalner and
FREE LISTS I taking about 3 hours to assembie — thats the Sinclair
Cambridge pocket calculator from Henry's. Some of
i & the many features include interface chip, thick-film .
36 TranSIStors Ic s resistor pack. printed cireuit boxrd.‘elec:roni: compo- gl
n - . nents pack. Size 4} long x 2 wide x 15" deep.
14 100 Kits to Build Free of charge with the kit for the more advanced [ikid
technologist is a 32-page booklet explaining how to Ezisgsie]
1 calculate Logs. Tangents. Sines ete. 2000
17 Hi Fi Tape Gear lagd
Al prices carr. paid (UK) (VAT EXTRA) 2T . . sIao
ransistor Radio

Barcl d/Ad . If, . il
el s o R nc e 1 to Build raice £24.95 + VAT f:::;:;.'-la.zlf asembled £97.22 + VAT

10% VAT to be added to all orders. Prices and descriptions correct at at time of press. E & O E.

404-406 Electronic Components and Equipment 01-402 8381 | Open:- 9am-6pm

5 RADIO 354-356 High Fidelity and Tape Equipment01-4025854/4736 | ©e¥s e wook
309 PA-Disco-Lighting High Power Sound 01-723 6963 y,,,,,:do::,
|_| M ITE D 303 Special offers and bargains store | Alt stores open

i /i
E DG WARE R OA D, w2 Allmail to 303 Edgware Road, London W2 1BW | all day Saturday

e




