Easy to build projects for everyone
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see your prints
before you pay
RELIABLE
film service

LUXURY colour prints
with a borderless

hi-definition
sheen finish

So it can now cost you less to take
photographs and, thanks to our
reliable developing and printing
service, you don’t send your money
until you've actually seen your pictures.

Hundreds of thousands of magazine
readers are delighted with this out-
standing Colour Print servige. So why
don’t you giveitatry?

HERE'S WHAT YOU DO

Send us any make of colour print
film inside the envelope enclosed in this
issue. Or fill in the double coupon
below and send it with your film in a
strong envelope to: The Everyday
Electronics Colour Print Service,
FREEPOST, Teddmgton Middlesex,
TWI11 1BR. No stamp is required.
FREE KODAK COLOUR FILM

In return you will receive a free
Kodak colour film worth over £1, the
same size as the one you sent us for
developing. Meanwhile we produce
your prints, every one of which will be
checked by professionals at our
laboratories before being sent to you.

You'll fove the quality — all crisp,
sharp, hi-definition sheen prints, and
borderless to give you maximum
picture area.

for every one of yours we process

SEND NO MONEY
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UNBEATABLE FOR QUALITY AND VALUE

What about our prices? Certainly
much less than you pay in most shops,
and remember you get another film
FREE. With our Colour Print service,
you only pay 14p for each print, plus
85p towards developing, postage and
packing. The minimum charge is 85p
(assuming no prints can be made) inc.
VAT. The offer is limited to UK, Eire,
CI and BFPO.
A SERVICE TO BENEFIT YOU

You benefit in two additional ways.
Firstly, you enjoy ‘a personal service,
with every care taken over each
individual order. And secondly, you
pay only for what you get - with no
credit vouchers like many  other
companies. An invoice comes with
your prints, so it’s a straight business
transaction. Use these labels if you haven't got an envelope, or pass them
to a friend who might like to take advantage of our offer.

Films accepted on Standard Terms of Busluiess (available on request).

From: Everyday Electronics Colour Print Service,

Freepost, Teddington, Middlesex TW11 1BR

PLEASE FILLIN
BOTH LABELS

From: Everyday Electronics Colour Print Service, l
Freepost, Teddington, Middlesex TW11 IBR

Mr/Ms Mr/Ms. |
This label This label

Address used to used to Address - |
send your send your
prints free film I

Postcode.

Postcode. I



NEW FROM BI-KITS!

Out Power THD 1% 50 watts min.
Supply Voitage Max. 70 volts
Operating voltage range 50-70

Load 8-16 ohms
Frequency Response +1db 25H2z-20kHz
Sensitivity for 50 watts into 8 ohms $00mV

input Impedance 35k ohms

THD at all power levels up to clipping
S/N ratio

+05% manx. typically -02%
100dBs

AL120 AUDIO AMPLIFIER

(WITH INTEGRAL HEAT SINK)

BETTER THAN 50w RMS!

FOR ONLY

£11-95

+ 8% V.AT.25p P & P.

Max. ambient operational temp, 45 deg.

S$/C Complement 13 transistors 3 diodes
Size overall 82 x 89 x 40mm
Weight 240gms

AVAILABLE IN 3 ALTERNATIVE VOLTAGES—45, 55, 65 volts
TO POWER THE FOLLOWING B8/-PAK AMPLIFIERS:

AC

USE YOUR SPM 120 WITH ANY OF THESE!

AL 60. 25w (RMS) AMPLIFIER £4-55 + 12§% V.A.T.25p. P& P.

AL 80. 35w (RMS) AMPLIFIER £7-15 + 8% V.A.T. 25p. P & P,

AL 250. 125w (RMS) AMPLIFIER £17-25 + 8% V.A.T. 40p. P & P.

PA 200. Pre-amplifier for use with all the above modules £16-30 + 124% V.A.T. 40p. P & P.

ALSO SPM 120 Stabilised Power Supply

SPM 120/45 Two AL60's up to 25w per channel simultaneously £4-95 + 121% V.A.T.

SPM 120/55 Two AL80’s up to 35w per channel simultaneously £4-95 + 124% V.A.T.

SPM 120/65 Two AL120's up to 50w per channel simultaneously £5-95 + 124% V.A.T.

SPM 120/65 One AL250 up to 125w £5-95 + 124% V.A.T. Please add 25p P & P. to all orders

INPUT:
AL 120/45 40-48v @ AL 120/55 50-55v @ AL 120/65 60-65v @ OUTPUT CURRENT 2-5A @ RIPPLE < 1A 100mV @ 2A 150mV

BI-

DEPT. EE8, P.O. Box 6, Ware, Herts.
COMPONENTS SHOP, 18 Baldock

Street, Ware, Herts.

CRESCENT RADIO LTD.

I, ST. MICHAELS TERRACE, WOOD GREEN, LONDON, N22. 4S}.
PHONE 01-888-4474

SPECIAL OFFER!
A complete parcel of spares for a leading
manufacturer's portable radio set.
Contents: 2 Assembled Cases, 5 tele-
scopic aerials, 3 ferrite rods, 2 loud-
speakers, 2 output transformers, 2
variable capacitors, 7 potentiometers,
48 mixed coils, mixed cores, 4 diodes,
' IS transistors, nuts, washers, screws,
) 10 dial lamps, 8 knobs, trimmers, wire,
= and many other spares too numerous
to list. Full list sent on receipt of S.AE.
This really is an outstanding offer at an
unbelievably low price.
| complete parcel of spares (not a kit)
ONLY £3-50 - 124% VAT
LIMITED STOCKS!
Order while stocks last!!

HEAVY DUTY XOVER
2 WAY BOHM

A 2 way 8 ohm H/D Xover suitable for
L/S systems up to 100 watt.
Fitted with screw terminals for input
and a three position ‘HF LEVEL' switch
which selects either Flat, —3dB or — 6dB.

Order at the bargain price of

only €3:00 « 3% VAT

a radio
amateur.

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

A CRESCENT 'SUPERBUY’
Goodmans 5" 8 ohm long throw H/D
loudspeaker.

Mounting plate is integral with L/S
chassis and has fixing holes with centres
spaced at 54" (diagonally).

W,
) S D D S SN S cxn HAN WD BN P SN0 I b OOV RN ONLY £5:00+-124% VAT

Brochure, without obligation to:
BRITISH NATIONAL RADIO

TELESCOPIC AERIAL - 12§ %VAT

& ELECTRONICS SCHOOL, i1 section telescopic aerial.
Extended length: | metre (394”)
P.0.Box 156, Jersey, Channel Islands. Fully closed: 13Smm (54”)
NAME recess at base of aerial,

ONLY 75p EACH!

LOUDSPEAKERS
24” (57mm) 8 or 75 ohm

124p V.AT,
90p
(please state impedance req‘d)
4

5”8 ohm Ceramic I-50
8” "ELAC' 8 ohm 15W dual cone €5-00
8” "GOODMANS'' ‘Audiom 8PA"

8 ohm I15W €4-76
10” ""ELAC" 8 ohm |OW dual cone

£4-50
8% x 5” "ELAC' 8 ohm 6W €2-50

BARGAIN LOUDSPEAKERS
124{% VAT

24 (60mm) 8 ohm (limited stocks) §0p
23" (70mm) 8 ohm (limited stocks) é0p
8” x 5" 4 ohm (limited stocks) €2-00

LOUDSPEAKERS 8% VAT.
12" "McKENZIE' 8 ohm 75W Bass

€23-62

12" **McKENZIE' 8ohm 7SW dual cone

€23-62

12" “McKENZIE'" 8 ohm 75W general
purpose £18-37
12 “"GOODMANS"" ‘Audiom (2P
8 ohm S50W €200
12”7 “FANE’ POP 33T 16 ohm 33W
€12-92
127 “FANE" POP 50/2 16 ohm 50W
£15-70

CARBON TRACK
POTENTIOMETERS -+ 124% VAT
0-25W Log and 0-5W Lin.

Spindle dia. 0-25”. Case dia. 24mm.
Types available: Log or Lin less switch,
Log with D.P. switch and Log or Lin
dual less switch.

Log L/S—5K, 10K, 25K, SOK, 00K,
250K, S00K. | meg, 2 meg. 30p
Lin L/S—same values as above with the
addition of IK. 30p
Log. D.P. SW.—SK, 10K, 25K, 50K,
100K, 250K, 500K, | meg. 60p
Log or Lin dual —5K, 10K, 25K, SOK,
100K, 250K, 500K, | meg. 80p

1
|
1
1
: Fixing: nut and bolt fixing through
|
|

ADDRESS
(Block caps please)
D IS 00 IV U N OV Y B B B ----------------J
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‘P&P’' ORDERS UP TO €S, Add 30p
ORDERS ¢€5-£€10, Add Sop
All orders over £10 post free!
Please add VAT as shown.
S.A.E. with all enquiries please




700+ Top quality ¢
alike. Despatched by return {Ist Class for small packets)
subject_to availability. Discounts. 5% above £5, and 10%
above £20.

SEND SAE

E&@E CATALOGUE/ORDER FORM

for the b

and expert

586

Components below are a small sample from our range.

Many more semiconductors available. Additionally we can

supply priced component lists for all E.E. projects from Oct

77 onwards. Send SAE for up to four. Let us quote you for

any requiremen!s—Expor! welcome.

ACE MAILTRONIX LTD DEPT EE TOOTAL STREET

WAKEFIELD W. YORKSHIRE WF1 5JR
Capacitors Cases Presets Transistors Transistors
ilectlros- :%Ilystyren; Min. Horiz. BCBOg :Zp %::g;; g;p
xia 58p BC30 2p (]
Value (uF) MB2 69p 1004 - BC327 17p 2N2219 29p
1/63V 10p MB3 83p 2-2MQ), BC328  ISp 2N2369A 22p
2-2/63V  10p (acl, 224 BC337  I5p 2N2646 92p
M Fiedn scos L dae u
P v Case P !
1025V 10p 75 Sories ) BCAel 6o IN292G 13p
22/25v 19p 1410 390p Min. Vert.8p BCS547 13p 2:3853 739
47125V 10p y4y 430p 1000-1MQ BCS48  13p % 054 Tp
100/63V 25p #1412 s55p (at I, 2:2 4+ BC549  l4p N37 é5p
ohy e iy e s sgm P s
1238 300p
P R IR s IO L2 2o M

/ P 1798 450p Transistors BCY 0p p
1000/63V 46p ACI26 0p BCY7l 20p 2N3706 |llp
1000/25V S54p ACI27  20p BCY72 1ép 2N3771 2l0p
2200/25v 85p 65 Series ACl28 27p BDII5S  S54p 2N3772 195p

ACI4l  2lp BDI23  B0p 2N3773 280p
2514 80p ACi42 21p BDI24P 90p 2N3BIS 24p
Tantalum 2516 2100 Acy7¢  28p BDI3I  68p 2N3866 97p
0-47/35V 14p 2218 100 ACig7  2ip BDI32  Top 2N3904 Ip
|-0/3/sv lap 2320 2600 LCigs 215 BRI/ 2N3906 129
2233y 1ep 2222 3400 Acy57/8Mp IMP  140p 2N5457 42p
A7y aze BB 6% 53p BDI33  50p 2N5458 42p
10/25V 2lp ACI87K 2lp BDI3S 4lp 2N5459 43p
22/16V 24p ACI88K 12tp BDI36 39p
47/6-3V  24p Veoro Boards ADI49 79p BDI3; 40p o \
N ADI6l 750 BDI3 45p Signa
2-5”x3:75”  ADI62 75p BDI39 42p Diodes
o 50p ADI61/2 BDI40 47p AAILI9 7o

olyester- 3-75%3-75” MP  160p BFIB0  35p OA47 9
Radial 59p AFI27  36p BFISI  35p OA90 70
0-00! TP 2.57x5" 59p AFI39  48p BFI94 13p OAS! 7o
0:0022  Tp 3.75'.5" 86p AF239  52p BFI9S  13p OA202  9p
0430  [e BCIO7  13p BFI%  I3p IN4148  4p
8‘°;2 I BCIO8  13p BFI97  13p
a0 J® Deca Blob BCI09  13p BFX84 24p .

P S Dec 216p BCI26  20p BFX87  29p Rectifiers
- P T Dec 399p BCI40  35p BFX88 29p BYI127  l4p
9 g BCl42  30p BFYSO  23p IN400!  Sp
o o BCI43  30p BFYS|  23p IN4002 7p
o LA T BCI147  10p BFY52  23p IN4004 7p
P obr BC148 10p BSX20  2lp IN40CS 8p
2:575”  33p BCl49 Ilp M}480 125p INS40!  l4p
2-5 {,35Z5 25p BC|54  16p MJ481  I55p IN5404  I6p
Polystyrene 3°757/5" S0P BCI57  12p MJ490 137p WO4 3lp
e, e 1
10 [ ]
22 62 LEDS BClé6l 32p MJ3001 205p Zeners
33 6p TIL209R 15p BCI67 12p MJE340 49p 400mW
47 6p TIL209G 35p BCI68 llp MJES20 Sip 3-3V-15v I2p
100 6p TIL209Y 35p BCI69  12p MJE2955 99p
150 6p LEDO-2"R I5p BCI70  lép MJE3055 85p
220 ép LED0-2"G35p BCI7I  llp MPFIO2 40p Regulators
330 6p LEDO0-2"Y 35p BCI72 I3p ©OC28 120p 7805 155p
Mo @ oUv e e gex wbmn
68 P [ [ p
1000 6p BCi78  19p OC7i 1ép 723DIL  60p
1500 6p |.C. SKTS BCi79  I9p OCSt 35p
2200 60 g pIN DIL 21p BCIS2L Ilp pPs{A 42p
3300 6p 14 PIN DIL BCI83L :lp :PiA 4;p l.fl..s -
4700 9 24p BCIB4L Ip T‘; ;.A 59p 77 200
o % eno,) MUK 25 Toas B2y 12
e gcro7 llp TIP30S5 65p 555 50p
Cypie sl fn, 12

5 n P P P
(Pack 3) 10p R;";“"';W BC2I2L Ilp ZTXI08 l4p 4011 26p
22 (Packs of 3)  BC2I3L Ilp ZTXI0O9 Idp 7400 15p
33 6p BC214L  1lp ZTX300 17p 7402 18p
47 BC237  16p ZTX500 I8p 7490 $2p
100 ) BC238  I6p 2N6&97  22p
B cperieogn U mue B,

0 P p witches
270 19-10M&, BC303  32p 2NII32 30p Slide DP 19p
330 El2 Vatues BC307 llp 2NI613  24p Push Make20p
o
6
1000 All prices include VAT. P&P FREE over £2. 20p under
2200
4700 Name
0-0luF Adress
0-022u4F
0-047uF

l ACE MAILTRONIX LTD

Get anACEUR your siceue! It

Wakefield, W. Yorkshire WF SR

TUAGC

TRANSISTOR UNIVERSAL AMPLIFICATION CO. LTD.

PHONE 01-672 3137/672 9080

MANUFACTURERS OF QUALITY AMPLIFICATION AND LIGHTING
CONTROL SYSTEMS

NEW FROM TUAC

ULTRA QUALITY HIGH POWER
New D.C. Coupled Design

AMPLIFIERS
Featuring
Electronic Short Open and Thermal Overload Protection.
Brief Spec.

fnput Sensitivity 0:775 v. R.M.S. (0.D.B.) at 25K Ohms.
Frequency Response 20 Hz - 20KHz.

Hum and Noise—100 dB Relatlve full output.

T.H.D. at lull power 0-1%.

T.D. 500 300W into 2 Ohms.

220W into 4 Ohms.
Size7” x 9” x 1}” 140W into 8 Ohms.. £45-00
Power supply P.S. 300 .. - £28-50
T.D.150 150W into 4 Ohms
5 % 57 x 2” 100W into 8 Ohms £26:25
Power supply P.S. 150 £17°75
T.0.150
60 Version 60W into 8 Ohms £17-75
57 x 57 5 2" 40W into 15 Ohms
Power supplies P.S. 60 5 5 £15-28

Note—P.S. 300 will drive 2 T.D. 150 amplifiers.
All output ratings are R.M.S. continuous sine wave output.

TO ORDER BY POST

Make cheques/P.O.s payable to TUAC LTD., (EE88) or quote Access/Barclay Card No.
(We accept holders phone orders 01-672 9080).

Post to—

TUAC LTD., (EES8), 119 CHARLMONT ROAD, LONDON SW.17 9AB.

Send stamp for our free 28 page catalogue of LIGHTING & AMPLIFIER MODULES, etc.

ALL THE PARTS YOU
NEED TO BUILD THE

STUNT CYCLE PROJECT

THE MOST COMPULSIVE TV GAME
EVER MADE

* Realistic stunt-cycle sounds come directly from the TV & Realistic crash eflects
and penalty points. % Four ¢ titive games with t and prof i | modes.
* On-screen scoring 4 Up 1o 36 buses can be jumped. % Throttle has the ‘feel’
ot a motorbike: too much and you will skid and crash, too little and you wiill not get
over the buses or obstacles.

g a8 \ 00 o8
L. . A £Y
T i—. ‘J B et
Super Stunt Cycle Drag Race Stunt Cycle Motocross
Y-3-8 t £6-90
A 760 9 VERY

P.C.B. (EE Project copyright Teleplay) EASY
£1:50 ASSEMBLY
STYLISH CASE £2:50 SUITABLE
FOR FIRST
SOUND & VISION MODULATORS‘ o TIMERS
YR

100uH CHOKE 0-45p
BASIC KIT (Alt PCB Components)
£14-90

+ FREE
MAINS ADAPTOR

COMPLETE KIT (No Extras needed)
£22-%

(*FULLY TESTED*) °

All prices include VAT. For orders under £10 add 20p pdp. Cheques and postal
orders to be made payable to TELEPLAY; send your order (no stamp needed), to:
Teleplay, Freepost, Barnet, EN5 2BR, or telephone your order quoting your Barclay-
card or Access number,

(s

41 STATION ROAD.

SHOP OPEN 10 a.m.-7 p.m., Monday to Saturday
CLOSE TO NEW BARNET BR STATION—
MOORGATE LINE. Trade enquiries welcome

NEW BARNET, HERTS.
EN5 1QwW
¥ 01-440 7033/01-441 2922

Everyday Electronics, August 1978




CERAMIC PAK

Contalning a range of first
quality miniature ceramic capa-
citors,
16160
27pt.
8

24
33pft.

24
150pf.
909'

3o b
560p1 GSODV 82034 'IOOOp!, 150000"
220 p 2200pf. 3301 60p°
1616 21 301eachva|ue - 4700pf.
58009' -01uf. -015uf, 0224t -033uf.
047uf 60p*

3309! eachdvah;s ,—6282;)".
pf p =
odp*

3 of each value:- 100pf
180pf. 220pf. Z;Opi..

ELECTROLYTIC
PAKS

A range of paks sach contsining 18
first quality, mixed value miniature
electrolytice.

16201 values from -47mFD
10mFD 60p*
16202 values from 10mFD
100mFD 80p*
16203 - velues from 100mFD -
880MFD 60p*

PAKS

These paks contsin a rangs of
Carbon tors assorted into the
following groups.

16213 60 mixed jw 100ohms
820 ohm 60p*

S
60 mixed jw 1K ohms
ms p*
60 mixed jw 10K ohms
ms 60p*
60 mixed jw 100K ohms
hms 60p°
40 mixed yw 100 ohms
ms p*
40 mixed jw 1K ohms
ms 60p°
40 mixed jw 10K ohms
ms a0p*
40 mizxed jw 100K ohms
ms 60p*
60 mixed ¢w 1 Me%
e0p*

Me

hms
40 mixed jw 1
80p°

ug ohms

[ CARBON RESISTOR |

COMPONENT
PAKS

18184 200 Rosistor mixed value
approx iCount by waight) 60p*
16186 150 Capacitors mixed v.hm
uupml tCount hy wanght} 80p*

16188 0 Precision rosistors Mlanad

values

ég”” v resisturs mixed vnluvu
16168 6 piecos assorted !nnuo
tods *
168169 2 Tuning gangs MWL
VHF 60p°*
16170 1 Pock wire 60 maters
asported culours single strand 80p
16171 10 Raad swiiches 80p*
18172 3 Micto switches 8op*
16173 1B Assotied pols 60p°
18174 & Metal jack sochets 3 2 3 B
mm 2 x stamdard switch types 60p*
18176 30 Paper condensers miusd
values 4
18176 20 Eiectrolyiice trans.
"é’" 60p*
16177 1 Pack assoried hardwate

Nuts/bolie, gromets ele
16178 Maine slide switches
unl‘o;lézd 60p*

1e | uc 18 Assortan control knobs 80p®
4 Rutary wave ch‘ng-

20 Ansorted tay strips #nd
Y 80

lwuc o8 p*
16182 2 Relays 68-24v upetating 80p®
18183 1 Pak. coppet laminsie approx

200 [ Inch [
6184 l Assotted fuses 100mA
AHH) ]
101685 BO maires PVC slowviy
anavtied slze and colours 80p

SEMICONDUCTOR.S-(

OMPON

IC PAKS

Manufacturars '‘Fall-outs’' which
include functional and part
functional Units. These are classed
as ‘out-of-spac’ from the maker's
very rigid specifications, but are
idesl for taarnin about 1.C's and
experimentsl worl

16224 - 100 Gales assorted 7400 O‘I
04-1050-60 e
16226 - 30 MXI Assorled types 744210

47 90-154 ¢ lc
62 30 sorled Linear Types
709 741- 747 748 7|0-588 elc

1-50
18228 - B Assorted types SL403 760\ 3
76003 etc £1.0
16229 5 1.Cs

76110 Eqv.
MC1310P-MA767 2‘-.0

JUMBO PAK
SEM| CONDUCTOR

16222  Transistors-Germ. and Silicon
Rectitiers-Diodes-Triacs Thyristors
I.C's and Zeners. ALL NEW & CODED,
Approx 100 pieces Oftering the
amateur a fantastic bargaln PAK and
an engrmous saving £2.28

MAMMOTH I.C.
PAK

16223 - Approx 200 pleces assorted
fali-out Integrated circuits, including:
Logic, 74 series, Linear, Audlo, and

. Many coded devices, but some
unmarked - you to identify. ‘20

UNTESTED SEMI-
CONDUCTOR PAKS

16130 100 Germ. gold bonded QA47
(Imd es 60p

16131 150 Gwm point conlacl
100mA 0A70/81 diod

16132 100 Sllncon diodes ZOOMA
A2 0 80
16133 150 Silicon tast switch diode
75mA IN 1]
1613 50 Silleon recilfiers top
hat 750mA 60p
16135 20 Silicon rectifiers stud t 80
\612{’6 50 400mMW tanors oog
case G£
16137 30 NPN transmtors BC107,

plustlc Op*

161 38 30 PNP transisiors BC177/1 78

16139 25NPN70392N697/2N171‘I

silicon OOE
25 PNP TO39 ZNZgg

18140
wilicun P
30 NPN Tu18 2N706 ImCDﬂ

18141
lwllum 1)

42 7b NPN BFY50/61 g
10‘43 30 NPN plastic 2N390
silicon 8
18144 30 PNP plastic 2N3906
sllicon 60p*

16145 30 Gorm. OC71 PNP [

16140  1b plastic puwer 2N3065 NP
10220 cann £1.2
16147 10 103 motal 2NJ0BE
NPN €120
16148 20 Unijunction transistors
Tlsd3 8
16140 101 amp SCR 1038 £1.2
8160 ¥ 3 amp SCR TOB0
L8k £1 20

METAL FOIL
CAPACITOR PAK

Conmnlru foil Capacitor
ke Mullard C280 series. Mixed
values ronging from -Otuf 2:2ul
Complule with identification f-;\ezeol

Motst

—SLIDER PAKS

16180 - 6 Slider potentiometers rgloled

values

16191 6 Slidet potentiometers ali
470 0obm 60p°*
16192 8 Slider potentiomelers all
10k lin P
16183 6 Slider potentiomasters all
22K 1in e
10194 @ Slicer potentiometets all
47K 1in 80p*
16819% 6 Shder potentivinelers
47K log 80,

BRAND NEW — FULLY GUARANTEED
Type Price e Price ] Type Price | Type Price | Type Price ype Price
A&Z £0.1B | gC109C €008 38550 *€0.14 3&52 £0.16 | TIP3055 €080 | 2N3708,
AC127  £0-18 (gC147 °£0.0B|BC556 °£0-14 |BIP19 £0.38 | TIS43 £0-24 £0.07
AC128  £0-18 18C148 °*€008[BC557 °€013 |BIP20  £0.38 | TIS90  *£0.22 | 2N3709 *£0.07
AC128K £028 [BC149 °£0.08|BC558 °£012 |BIP19/ UT46 *£0.22 { 2N3710 *£0.07
AC132  £020 {BC157 *£0.10JBC559 °€014 20MP £0-80 | ZTX107 *£0.10 | 2N3711 *£0.07
AC134 £0.20 |aci58 °*£0-10/BD115  £0.80 aav39 £045 [ZTX108 £0-10 | 2N3819 £020
AC137  £020 {BC159 °*£010(B8D116 £080 |[BU £1:40 | ZTX109 *£0.10 | 2N3820 £0-36
AC141  £022 |8C167 °*£0.12|BD121 £0-68 suws/ozn 95 |2TX300 °*£0-12 | 2N3621 £0.60
AC141K £0-30 |gC168 °£0-12|8D124 £0-70 {BU204  £1.70 |ZTX500 °€0-14 | 2N3B23 €060
ACi42 €020 [ BC1689 °£0-12{8D131 £0-38 |BU205 €140 |2N1613 £0-20 | 2N4058 *£0-12
AC176  £0-18 [BC169C °£012{BD132 £040 |BU208/02£2-98 |2N1711 £020 | 2N4059 °*£0.14
AC176K £026 {BC170 °*£0-10[80131/ E1222 €038 [2N18BY €045 | 2N4060 *€014
AC178  £0.26 1B8C171 °£0.10 132MP £0-88 | MJE2955 £0-98 | 2N1890 £046 | 2N4061 *£0.12
AC179  £0-28 18C172 °*£0.10|BD133 £040 | MJE3055 £0-60 |2N1B93 £0-30 | 2N4062 °£012
AC180  £0-20 [BC173 *£0.12|BD135 £0-38 | MJE3440 £0-82 [2N2147 £0.76 | 2N4284 *£0.18
ACI80K £0-28 |BC177 £016(8D136 £035 |MPB113 €0.52 | 2N2148 £0.70 | 2N4285 *€0.18
AC181  £0-20 |8C178 £0-16{BD137 €038 |MPF102 £0-38 [2N2160 £1.00 | 2N4286 °£018
AC181K €028 |8C179 €0-16|8D138 €040 | MPF104 £0.38 {2N2192 £0.38 ( 2N4287 °£0.18
AC187 €018 18C180 £0.26|8D139 €036 [ MPF105 €0.38 |2N2193 £0.38 [ 2N4288 °*£0-18
AC187K £020 [BC181 °£0-25|B8D14C  £0-36 | MPSAQb *£0-30 [2N2194 £0-38 | 2N4289 *£018
AC188  £0.18 {BC182L °£0.10(8D139/ MPSAO6 °£0-30 [2N2217 £0.22 | 2N4290 °*£0-18
AC188K £0-20 |8C183 °£0-10| 140MP £0-80 | MPSAS5 *£0-28 |2N2218 £022 | 2N4291 °£0.18
AD140  £0-80 |BCIA3AL °*£0-10|8D155 £0-80 | MPSASE °£0-28 |2N2218A £0.20 |2N4292 *£0.18
AD142  £0-86 (BC184L €080|BD175 £0.60 | 0C22 1.80 [2N2219 £0-20 [ 2N4293 *£0-18
AD143  £0.75 {8C207 €011(8D176 €060 | OC23 €1.80 |2N2219A £0-24 | 2N4921 *£0.BB
AD149  £0-60 |8C208 °£0-11|8D177 €068 [0C24  £1.36 |2N2904 €0.18 | 2N4923 °£0.85
AD161 €042 |8C209 °£012]8D178 €068 |OC25 £1.00 |2N2904A £0.21 | 2N5135 *€0-10
AD162 €042 |BC212 °£0.11|BD179  £0.78 | OC26 €1.00 [2N2905 £0.18 [ 2N5136 *€0.10
AD161/ BC212L *£0.11)8D20Y/ Qoc28 £0.80 [2N29054 £020 | 2N5138 °£010
161MP  £035 (BC213 °£011| 202MP £1.70 | 0C29 £0-98 [2N2906 £0-18 [ 2N5194 £0.66
AF114  £021 (gC213L °*£011(BD203 £0.80 {OC35 £0.90 | 2N2906A €0-19 | 2N5245 €040
AF115  £021 |BC214 °£0-12| 80204 €080 [OC36 €0.90 |2N2907 £0-20 | 2N5294 £0.34
AF116  £0-21 |BC214L °€012[B8D203/ 0C¢70 €024 |2N2907A £0-22 | 2N5296 £0.66
AF117  £0-21 18C237 °€018| 204mP £1.70 | OC €015 |2N296G  *0-09 | 2N5457 £0.32
AF118  £0 8C238 °£016|8DY20 £0.B0 |TIC44 °£0-29 [2N2926Y°€0.08 | 2N5458 €032
AF124  £0-30 (BC251 °£018|BOX77 €090 | TIC45  *£0.35 |2N29260°£0-08 | 2N5459 €036
AF125 €030 |8C251A °£0.168 | gFa57  £0.37 | TIP29A £040 |2N2926R*€0 08 | 2N5551 *£0.36
AF126  £0-30 |8C301 €028 BF458 €037 [TIP298 €052 {2N29268°£0.08 | 2N6027 €0 39
AF127 €032 |BC302 €£028|BF459 €038 [TIP29C €050 |2N3053 £0.16 | 2N6121 £0.70
AF139  £0°35 |8C303 £0.28 | BF534 °*£0.30 | TIPIOA €080 [2N3054 £0.40 |2N6122 €070
AF180  £040 |BC304 £038|BF596 °£0-28 | TIP30B £0.60 |2N3055 €0.40 | 40311  £0.38
AF181  £0-80 |BC327 °£0.16|8FR39 £0.28 |TIPIOC £080 |2N3I414 °£0.16 | 40313  €0.9%
AF186  £0.88 [8C328 °*€015| 8FR4A0 °*£026 | TIP31A £045 |2N3415 °€0.16 | 40316 €095
AF239  £0.35 |8C337 °£016|8FR79 °£0.28 |TIP318 €047 |2N3416 °£029 40317  £040
AL102  €1:20 |8C338 °£018| 8FR80 °£0-28 | TIP31C £049 |2N3417 °*£0-29 | 40326 €040
AL103  €1.20 |BC440 £0-30| BFX29 €022 | TiP324 £049 [2N3614 €100 | 40327  f£048
AU104 €118 |BC4ad1  £030| BFX3 £0.30 [ TIP328 £0.51 [2N3615 £1-08 | 40348 €045
AU110  £1.00 |8Ca60 £038| 8FX84  €0.22 [ TIP32C €053 |2N3616 £1-08 | 40347  £0.68
AU113  £1.00 |8C461 £0-38| 8FX85  £0-24 [ TIP41A €049 |2N3846 *£0.09 | 40348  £0.80
BC107A £0-08 |8C4a77 £0-20| BFX86 €028 | TIP418  £0.51 |2N3702 *£0.08 (40360 €036
8C1078 £0.08 |gC478 €020 8FX87  £0-22 | TIPAIC  £0.83 [2N3703 *£0.08 | 40361  £0.36
8C107C £0.08 |8C479 £0.20| 8FX88  £0.22 | TIP42A  £0.83 [2N3704 °0.07 [40362  €0.38
8C108A £0.08 | 8C547 °f£0-12| 8FX30 °*£0.88 | TIP428  £0.88 |2N3705 °£0.07 [ 40406  €0.48
8C108B £0.08 |8C548 °£0-12| 8FYS0 €018 | TIP42C_ £0.87 |2N3708 °£0.08 [ 40407  £0-38
BC109C £0.08 |8C549 °*£012| BFYS1 €016 | TIP2958 €088 [2N3707 £0.08 | 40408  £082
aciose €008 N3708 *£0.07 140403 €078
74 SERIES TTL IC'S
81-PAK STILL LOWEST IN PRICE.
FULL SPECIFICATION GUARANTEED
Type Price | Type Price | Type Price  Type Price | Type
106 010 | 148 093 Wi 0 A6 0.3 | 1dfee
7401 0-11 | 7410 0:12 | 7442 0 0:78 | 74123
7402 011 | 7411 097 | 7448 ° 0-50 | 74141
7403 011 7418 020 | 7448 [ 042 | 74134
7404 011 | 7413 0:24 | 7447 0 092 | 74180
7408 099 | 7414 0-50 | 7448 0 048 | 74181
7408 026 7418 0:28 | 7478 0 0:90 | 74900
7407 087 | 7417 0-30 | 7480 0 118 | M98
7408 0:13 | 7440 092 ' 7489 0 034 74199
MOS IC'S
type Prica | Typs Pri Prica | Type LI type Prigs | Type Price
cBaooo  o1s [cBiorz o a0 | clivyr 738 | cDhoes 130 | cBaor 013
cDag0] 018 [CD4Q13 0 0120 [COA036 1.30 [ (D4047 110 | CD4O72 023
€D4002 018 15 0 000 |CDa037 088 | D404 Q98 [CL40B] 020
cD400s 098 16 0 ?18 €D4040 098 | LDAYLO g‘u CD40b2  0.23
€D4007 0 170 70 1 CDa041 002 | LL4usa 10 | CD4610 130
c04008 098 19 1 080 |CD4042 082 | CD4N56 140 | CD4B11  1.60
CD4008  0.80 19 0 090 | CD4043 098 | CO40L8 138 | CD4BI6  1.40
€D4010 088 0 1 148 | CO4044 084 | COd0B0 040 [ CDABIE  1.28
CD4011  0.20 0 088 | CD4045 140 | CD4070 040 | CD4b20 128
LINEAR IC'S
ype Pric Price | Type Price | Type Price| Type Price | lype Price
CAJ011* €10 J& ooa K32015 WAT10ce €040 si7e013ne TAABE 1A
CA3014* £1.7 140 72710° €030 . 1]
Caz018° £0.78 | MC1488L tuo LM320-24 vA711C* £0.32| SN76023N°® TAD100* £1.30
CAJ020° £1.70 | MC1469R £2.98 . 72711° €032 . TBAB40G*
CAJ028* £1.02 | MC14960° LM380-14P ua723C £0.48) SN768110° €220
CA3038° £1.7 £098 £0.08 | 72723 fo4l €180 | TBAB41B €228
CA3036° £1.38 | NE636* €380 | LM381° £1.88 | uA741C* €£0-24 | SN76118° TBAB0Q* £080
CA3042* £1.80 | NEB1BA® £3.80 | LM39OON® 72741 £024 18A810S*
CA3043° €1.88 | NESAO* £1.80 88 | 741P°  £0.20 ) SN76660° £1.08
CA3048° €0.80 [ NEB5O* £0.88 | MC724P £1.80 | uA747C* €070 .75 | 18AB20* £0.80
CA3062° £1.8 Nessoo' NLA | MC1303L° 72747° €078 | SLa14A° £1.88 | TBAB20Q®
CA3054°* £1.38 | NESS €032 €148 | uA748°* €038 | TAAB50B £0.38
CA3076° £1.8 stse £0-82 | MC1304P° 72748° €038 | TAAB21A" TCA2706*
Ca3081° £1.80 |NEBBI® £298 £€1.90 | 748P ¢oas €220
CA3050 €320 |Neoosar £178 | MC''o™ Send
A . -268 ™ < X
CA3123° £190 |NeBge €1.80 | MC1312PQ°
LM301° £0.39 |NEB67* £1.80 £1.90 your
CE A A T
I ,,. t )
LM30ox €180 |uazo3ac €a28 | mciasor €120 orders
LM320 5v £1.80 [uA709C* £0.28 | MC1351P*
CERE 7330 €028 | mcrasae to
£1.80 £ g °
Dept. E.E.8,
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AT:

G.P. SWITCHING
TRANSISTORS

1018 sim to 2N706/8 BSYZ7/
ZWQBA ALL usuable deviges. No
e & ehourts. ALBO available in
[ ﬂmllsr 1o 2N908, BCYTO.
20 U op 60 for €%
£1.80, 800 tor £8, 100b
Whan ondating ulun-u state NPN/V

SILICON DIODES

o
300mwW_ 40PIV iminl sum -min
FULLY TESTED. Ideal for Organ
hull(in'l

30 OU for £1.80, 500

mvt! IOO for £

P.O. Box 6, Wares,
SHOP 18 BALDOCK STREET, WARE, HERTS

ORDERING. Do not forget to atate
order pumber and your name and
addrese.

V.A, ‘l‘ Add 124% to prices marhed @,
8% to those unmarked. itema m| d

are uro ra

PAP 350 unless otherwise ahown,

Herts

OPEN 9 to 5.30 Mon./Sat.
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ELECTROMN-RIT

“EDUCATIONAL KITS OF
EXCEPTIONAL QUALITY”

{AUDIO magazine)

LA A N X N X X N W W ¥

THIS IS A POWERFUL
RADIO RECEIVER!

The same kit is also 150 other different
actual working projects e.g.:

Computer & Logic Circuits,
Electronic Organ, Timer, Light
Controi. Agllity Tester, Lie
Detector, Siren, Horn, Buzzer
Bird, Metronome.
Cds cell light & sound control,
Photogun, Light Osciliator,
Light Switch, Light and Sound
Morse Code.
Field Strength Meter,
?ygrometer, Sphygometer, Etc.
tc.

Radio Receiver, Transmitter,
Amplifier, Audio Generator,
Signal Tracer & Injector,
Continulty Tester, Telegraph,
Photoradlo Receiver, Radio
Receiver/Microphone Mixer.
Iliuminometer, Voltmeter,
Ammeter, Sound Level Meter,
Ohmmeter, Dlode & Transistor
Tester, Transparency Indicator,
Etc., Etc.

The above is just a selection of the circuits available—
you can also design your own circuits with these superb
new Denshi-Gakken “EX" construction kits.

No previous experience of electronics is required but
you learn as you construct and have a great deal of fun
too. The kits are completely safe for anyone to use.

Kits are complete with very extensive construction
manuals PLUS Hamlyn's "All-Colour” 160 page book
“Electronics” (free of charge whilst stocks last).

ALL KITS ARE FULLY GUARANTEED. Add-
on sets (to increase the scope of each kit) are
available, plus spares and accessories as required.

150 PROJECT KIT £39.75 60 PROJECT KIT £25.75
120 PROJECT KIT £33.75 30 PROJECT KIT £18.95
100 PROJECT KIT £29.25 15 PROJECT KIT £16.75

Prices include educational manuals, free book, VAT,
p & p (in the U.K.).

Callers at 20 Bride Lane will be very welcome.
Trade and Educational enquiries invited.

Cheque/P.O./Barclaycard/Access No. (or 11p for lilus-
strated literature) to DEPT. EE

ELECTRONI-KIT
20 BRIDE LANE, LUDGATE CIRCUS,

LONDON, EC4Y 8DX (01-353 6430)

588

P.C.B.'s and COMPONENTS

for E.E. PROJECTS

Prices shown are for kits of on board mounted components including poten-
tiometers but excluding hardware and transformers. Send s.a.e. for full details
naming kit. Alt prices below Include VAT, P & P 30p.

Components P.C.B.
Ref. Kit P.C.B,
Jan Metronome 01 1-89 65*
Touch Switch 02 1-06 74%
Code Scramblier 03 2-78 81*
Rapid Diode Check 04 78 52%
Feb Car Alarm 05 1-16 80*
Lead Tester 06 1-26 51
Chaser Light Display 07 8-19 175
AC Meter Converter 08 1-74 60*
Mar Audio Tester 09 8-40 (2) 1-74¢
C.R. Substitution Box 10 3-48 —
Catch-a-light " 2-65 82
Weird Sound 12 2-7 62*
Apr Roof Rack Alarm 13 1-52 60*
Mains Delay Switch 14 1M 94+
Pocket Timer 15 1-34A 60*
May Flashmeter 16 315 75*
Mains Tester 17 41 54*%
Teach-in Power Amplifier 18 1-55 _
Power Pack 19 1-32 70*
June Telebell 20 2-85 1-00*
In-Situ Transistor Tester 21 1-08 65*
Teach-In SW Receiver 22 2-61 —
Power Slave 23 — 1-75
Visual Continuity Tester 24 56 —
July Auto Night Light 25 3-33 85*
Short-Wave Radio 26 5-05 —_
Quagmire 27 4-78 1-40*
Logic Probe 2 1-02 50*

8
* P.C.B.'s designed by TAMTRONIK to E.E. specified dimensions.

COMPONENTS SHOP NOW OPEN. CALLERS
WELCOME AT: 32 MARKET PLACE, GREAT
BRIDGE, TIPTON,

TAMTRONIK LTD. (oert.EE.)

217 Toll End Road, Tipton, m—
West Midlands DY4 OHW. | Buy it with Access
Telephone: 021-557 9144

~DarAam

SEE THE EXTENDED RANGE OF
TRANSFORMERS IN OUR
NEW EDITION 5 CATALOGUE

Doram Electronics Ltd,, Wellington Rd Estate,
Wellington Bridge, Leeds LS12 2UF

Please forward my edition 5 catalogue
| | enciose 75p which covers p. & p.
Nome

Address.

_EEZI

| Doram Electronics L.td |

I PO Bax TR8 Leeds LS12 2UF ,
REG No. 1155856

\ Overseas orders, except for N. Ireland, please add 35p /

~_ _tocover despatch by Air.

—— — — — — — —— —— ——— — —
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MULLARD UNILEX
A mains operated 4 + 4
stereo system. Rated one
of the finest performers
in the stereo field this
would make a wonderful gitt
for almost any one In easy-to-
assemble modular form and
complete with a palr of Plessey -
speakers thls should sell at abcut £30—hut due to a special
bulk buy and as an Incentive tor you to buy this month we
ofter the system complete at only £14

e

ROOM THERMOSTAT

Famous Satchwell, elegant deslign, intended for
wall mounting. WIII switch up to 20 amps at mains
voltage, covers the range 0-30°C. Special snip this
month £3-00.

@

WINDSCREEN

WIPER

CONTROL

Vary speed of your wiper to sult
conditions. All parts and instrue-
tions to make. £3-75.

MICRO SWITCH BARGAINS
Rated at 5 amps 250 volts. ldeal to make a
switch panel for a calcula(or and for dozens
of other appllcation:

Parcel of 10 (2 lypcs) for £1-00.

RADIO STETHOSCOPE
Easlest way to fault find, traces, signal
from aerial to speaker, when signal
stops you've faund the fault. Use It on
Radio, TV, amplifier, cnything. Kit
comprises transistors and parts inclu-
glangsprobe tube and twin stetho-set.

95,

MULTISPEED MOTORS
Six speeds are avallable 500, 850 and 1,100 r.p.m.
and 7,000, 9,000 and 11,000 r.p.m. Shaft is }” dia-
meter and approximately 1”7 long. 230/240v. Its
speed may be turther controlled with the use of
our Thyristor controller. Very powerful and useful
motor slze approx. 2” dia. x 5” long. Price £2-00,

SMITHS CENTRAL HEATING
CONTROLLER

Push button gives 10 varlatlons as
follows. (1) continuous hot water and
continuous central heating (2) contin-
uous hot water but central heating off at
nlght (3} continuous hot water but
central heating on only for 2 perlods
during the day (4) hot water and central
heating both on but day time only (5) hot water all day but cen-
tral heating only for 2 periods during the day (6) hot water and
central heating on for 2 periods during the day time only—
then for summer time use with central heating ofi (7} hot water
continuous (8) hot water day time only (9) hot water twice dally
(10) everything off. A handsome looking unit with 24 hour
movemnent and the switches and other parts n

MULLARD AUDIO AMPLIFIERS

g Model
£2-
amp. £2-9%0

SHORTWAVE CRYSTAL SET
Although this uses no battery It
glves really amazing results. You
wlll recelve an amazing assortment
of statlons over the 19, 25, 29, 31
metre bands. Kit contains chassis
tront pancl and all the parts £1-90—
crystal earphone 55p.

BREAKDOWN PARCEL

contalning most useful components

from most computer paneis,

muitipin plugs or as hook up boards for experimental o

ably less than value of the transistors or dlodes alone).
DON'T MISS THIS SPLENDID OFFER.

FLUORESCENT TUBE
INVERTOR
For camping —
car repalring —
emergency light-
Ing from a 12v
battery you can't
beat fluorescent
lighting. 1t wlll

wlth tube and tube holders as well.

for G
20 amp swltching contacts.

EXTRACTOR FAN
Ex compueters-——made by Woods of
Colchester Idaalfar fixing through

select the desired programme of heating. Supplied complete
with wirlng diagram. Originally sold we betleve at over £15,
We offer these whiie stocks last at £6-95 each INCLUDING
VAT and Postage.

HUMIDITY SWITCH

American made by Ranco, thelr type
No. J11. The action of this device
d ds upon the d causing
a membrane to stretch and trigger a
sensitive microswitch ad]ustable by a
screw, quite sensitive—breathing on it
for Instance will switch It on. Micro 3 amp
at 250v _AC. Overall size of the device
approx. 3" long, 1” wide and 1}~ deep. 75p.

8 POWERFUL
BATTERY MOTORS

For models, Meccanos, drills, remote control
planes, boats, etc. £2.

PP3/PP9 REPLACEMENT
MAINS UNIT

Japanese made In plastic container with
leads size 2”7 x 13" x 13", thils is Ideal
to power a calculator or radlo. It has a
full wavo rectified and smoathed cutput
of 9 volts suitable for a loadIng ot up to
100mA. £2-53

MAINS TRANSISTOR PACK
Deslgned to operate transjstor sets and amplifiers. Adjust-
able output 6v., 9v., 12 volts for up to S00mA (class B working).
Takes the place of any of the foilowing batterles: PP1, PP3,
PP4, PP6, PPT, PP9 and others. Kit comprises: malns trans-
former, rectifier, smoothing and load resistor, condensers
and Instructions. Real snip at only £1-95.

SOUND TO LIGHT UNIT

Add colour or white light to your
ampllfier. Will operate 1, 2 or 3 lamps
(maximum 450W). Unit In box all ready
to work. £9-95.

DRILL CONTROLLER
Electronically changes speed
from approximately 10 revs to

maximum. Full power at all
speeds by finger-tip control.
Kit includes all parts, case,
everything and full Instructlon‘ss.

£3
Made up model £1-00 extra
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ly qulet running—
very powerful 2500 rpm. Chaolce of
two sizes §” or 6" dla. £5 and £6.

SPIT MOTOR WITH CARTER G/BOX

thls can be put to plenty of other uses

to its uses. Normal mains operation. £4-3

HONEYWELL P.B.

MICRO SWITCH

t-2 or 3 10 amp 250V changeover mlcro-
switch thro panel mounting by cock nuts
1” dla black knob 1 switch 40p, 2 switch
55p, 3 switch 70p.

LATCHING
RELAY

reiay B. Each relay has 2 sets of 10 amp changeover contacts.

stated but orders under £6 must add 50p to ofiset pucklng, etc.
BULK ENQUIRIES WELCOMED. Phone 01-688 1833,

J. BULL (ELECTRICAL) LTD

(Dept. E.E.), 103 TAMWORTH RD.,
CROYDON CR91SG

Allin module form, each ready built complete with heat sinks
and connectlon tags, data supplied. Model 1153 500mW
power output £1-50 Including Post and

VAT.
Model 1172 1W, power output £1-85.
EP2000 4 watt power output

00.
s EP 9001 twin channel or stereo pre-

Four unused, made for computer unlits

and these components unlike Q?\O‘O
ave
wlre ends of usable length. The tran-
sistors for Instance have jeads over 17
long—the diodes have approx. {* leads.

List of the major components is as follows:—17 assorted
transistors—38 assorted diodes—60 assorted resistors and
condensers—4 gold plated plugs In units which can serve as

quickly changed clrcuits {note we can supply the socket
boards which we made to receive these units). The price of
this four unit parcel Is £1 including VAT and post (consider-

offer plenty of well distributed light and Is economlical. We
offer Invertor for 21 13 watt minlature tube for only £3-75

24 HOUR TIMERS
VENNER

As lllustrated with sun correction made
P.O. phone boxes used pertect £2-95

Probably one of the best splt motors
made. Originally intended to be used
in very high priced cookers, howaver

for instance your garden barbeque or to
drive a tumbler for stone polishing; In !uct lhere are no ends

by Guardlan Elactric, mains operated it is in tact two relays
mounted on a metal base plate. The relays belng mounted
in such a way to ensure that when one closes the other opens
and vice versa thus when closed relay A would remain locked
untll manually released or electrically released by enarglsing

Should be ideal for burglar aiarms and similar applications

£2-1,
SWITCH TRIGGER
MATS
Wirlng dig, supplied for complete house
f protection—'Keep Those Robbers Away 9
= 137 x 10" — £2-10
24" x 18" — £2-60
TERMS:

Cash with order—prices Include VAT and carrlage unless

IT'S FREE
Our monthly Advance Advertising Bargains List gives
details of bargains arriving or just arrived—often bargains
which sell out before our advertisement can appear—it's
an Interesting list ana it's free—just send S.A.E. Below
.l’. a few of the Bargains stlll available from previous
lines.

FM Tuner and decader, two very well made (Japan)
units, mce clear dlal, excetlent reproduction £9-95 the
pair £1-25 VAT.

4 Changeover Malns Relay, upright mounting with perspex
type dust cover, the really Inlerestlnq feature Is 4 sets of
10 amps chanqeover contacts price £ VAT 12p.

12 Voit Pump. Designed we belleve as a blige pump, this
is 12 voit AC/DC motor coupled by a long enclosed shaft
to a submersible pump. Suitable for water or most any fluids.
Prce £11-79.

High Load 24 HWour Clack Switeh, made by the famous
AEG Company for normal mains but with clockwork reserve
has load capacity of 80 amps at 240v 50hz. Therefore sultable
for dealing with large loads of say shop lighting, water
heating, storage heaters, etc., etc. Has triggers for on and oft
" once per 24 hours hut extra triggers will be avallable. Price

£1-50 per palr. Size of clock approximately 8” = o
totaliy encased but has Ilft up flap tor ease of altering swllch-
Ing times, Price, new and unused £10-85 or used but guaran-
teed o.k. £6-50,

Light Dlmmov, our timer module with small mods makes
an igh a 4 amp 400V SCR so
it should be suitable for Ioads approaching 1KW. Price of
module with variable resistor and Instructions £2-25.

Push Pull Solenclds, mains operated solenoids which wlll
push as well as or instead of pull. Very heavy duty estimate
this at 20ibs push or pull 1}” x 33" x 4” made Magnetic
Devices Co. £7-50.

MINI-MULT) TESTER

Amazing, deluxe pocket size
precision moving coil Instru-
ment jewelled bearings—1000
opv—mirrored scale.

11 instant ranges measure:—
DC volts 10 §0, 250, 1000

AC volts 10, 50, 250 1000

DC amps 0-1 mA and 0-100 mA
Contlnulty and resistance 0-150K

r

ohms.
Complete with Insulated probes,
leads, battery, clrcult dlagram
and Instructions.

Unbellevable value only £5-50.

FREE
Amps ranges kit enable you to read DC current from 0-10 amps

directly on the 0-10 scale. It's free if you purchase qulckly but
nyou already own a minj tester and would llke one send
50

Musle Centre Transformer 12-0-12 at 1 amp and 9 volt at
¥ amp. Normal primary, upright mounting, impregnated and
varnished for quiet operatlon. Price £2-85. Post 54p.

Extenslon Speakers 8 ohm 4'5 watts handling power’
We have 5 or 6 difterent models in stock, cheapest belng
the Partytime at £3-956 each, again only real|y a bargain for
callers as postage is £1-50 per speaker.

Auto transformers for working Amerlcan tools and equip-
ment, completely enclosed In sheet metal case with Amerlcan
type flat output socket made for computer so obviously
first-class, 500 watts. With carrylng hnndle offered at about
half price only £15 + 80p, carrlage £2 + 16p. These may be
a bit solled but are fully quaranteed. Slmllar but 1000 watt
£29-50 or £6-48,

350mA 6 Voit Mains Unit. Ideal for power 6 volt equipment,
cassettes, tape recorder or amplifler or other applicances
reauiring more than the average amount of current. This Is a
really well made uait In plastic case made for Crown Radla
intended origlinaiiy to clip Into position, this has external
4 battery type contacts but It Is a simple matter to solder leads
stralght onto these contacts and thls unit employs fuil wave
rectification and is recommended In every way. Price u~30_

AM/FM Radiao. Complete chassls, has tuning scale wlith
polnter, volume control, on/off etc. Controls have edgewlse
knobs. These radlos can be mounted on or just inside exten-
slon speaker, then you have a first class "‘music whlle you
work'' recelver. Reception on both AM-FM |s better than
average and even In areas where FM |s notorlously bad,
good results have been obtalned. The output also Is above
average, the speaker power is probably around 1§3—2 watts.
They can be powered by 6v batterles or 8v power supply, In
fact the Crown Radlo one mentloned above Is Ideal, would no
goubt functlon as an AM/FM Tuner—reaj bargaln at £5-50 +
8p.

UV Tubes (Phillps Atinle). Useful for bringlng out water
marks In stamps and special colours In rocks, similar specl-
mens. We have these in two slzes 97 6w price £1-50 + 12p.
Post 50p + 4p. 2it 20 watt £2-00 + 16p. Post 75p + 6p.

1 Pole 10 Way Switeh. For digltal displays the 10 positions
being evenly spaced through the 360 turn, and there Is no
stop. Sliver plated contacts are rated at 5 amps, normally an
expensive switch but offered at 86p each.

Morse Key. This Is well designed, full adjustable key,
suitable for beginners. Our Ref. MK1. Price £1-18.

Professional Morse Key. Heavy cast base of metal con-
structlon, this Is hlqh speed key with fine adjustments.
Price £3-55. Our Ref. MK2.

Terminals. Very good quallty. Britlsh made, screw cdown
type, top accepts a 4mm plug. The screw down section also
has a hole through which solld wire may be passed, with
insulators for metal panel mounting, 5 popular colours.
Price 16p each, Ref. TS1, or 10 in bag for £1-30, Ref. TS1/10.

Spring Trigger Terminals. Red and black terminals mounted
on Insulated panel approximate size 2}” x 1”. Th.:se terminals
grip llke a vice but connection in the first place is quick and
slmple. Hold back the trigger—push in wire—let go of trigger,
definitely a time saver. Price 54p the pair.

12v AUTOMATIC SWITCH
It can sometimes be a problem to find
your car or caravan in a big car park or
-caravan site after dark, so why not fit
alight that wlll come on automatically
when it gets dark. We are offering
light sensitive switch 12v with wiring
diagram. £2-00,
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Projects... Theory...

and Popular Features ...

One of the most telling impacts elec-
tronics has produced on everyday life
came about with the arrival of the
digital watch. Now, after several
years, the analogue versus digital con-
troversy still rages!

An advantage argued on behalf of
the analogue timepiece is that the
traditional watch or clock face indj-
cates more than merely the imme-
diate time. It enables one very easily
to relate the time to the hour (or the
hour to the day) as a proportion of
time expired or remaining. A useful
facility which we all make use of,
more or less unconsciously, every
time we glance at our watch,

Yet it has to be conceded that there
are some applications where digital
representation of time is an un-
doubted advantage: in timing opera-
tions, for example, where precise
measurement is required without the
possibility of ambiguities creeping in
due to human error when reading
small intervals, such as seconds and
submultiples of seconds.

The timing of sporting events is a
typical instance where the digital time-
piece comes into its own. Modern
integrated circuits make possible the
construction of a high performance
stopwatch like the Chronostop.

Apart from the fleld of sport the
Chronostop will filnd useful employ-
ment In countless other areas where
split second timing is called for.

Microprocessors  have emerged
from the technical domain and are
now being freely discussed in the
national press as the harbinger of
better times, with more wonderful
electronic gadgets for everyone and,
of course, an improved standard of
living for all. The picture has been
clouded a little however with the
realisation that the greater employ-
ment of microelectronics means, at
the end of the day, less jobs for us
humans to do.

There are also fears that the micro-
processor revolution will see Britain
a deprived nation so far as design
and manufacture of chips is con-
cerned.

No less a person than the Prime
Minister has referred to this fast-
changing technology. Mr. Callaghan
said last month “The rapid develop-
ment of microelectronics is one of the
most significant opportunities of our
time and it presents the nation with
a number of challenging issues”,

One of these must be, can the UK
achieve independence from the US
and Japan in this vital field of micro-
electronics? We have not much time
to find out.

et AZZ

Our September issue will be published on Friday, August 18. See page 619 for details.

Readers' Enquirles

We cannot undertake to answer readers’ letters requesting modifications,

designs or information on commerclal
by us. All letters requiring a personal

stamped self-addressed envelope.

equipment or subjects not published
reply should be accompanied by a

Telephone enquiries should be limited to those requliring only a brief reply.
We cannot undertake to engage in discussions on the telephonae, technical

or otherwlse,

Component Supplles

Readers should note that we do not supply electronic components for
buliding the projects featured in EVERYDAY ELECTRONICS, but these
requirements can be met by our advertisers.
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Back issues of EVERYDAY ELECTRONICS (June 1977 onwards—October |
to December 1977, January to March 1978 NOT available) are available world- El[n]nn“ln
|

wide at a cost of 60p per copy inclusive of postage and packing. Orders and
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Two flashguns suitably
positioned will produce a
more realistic photograph.
This unit will allow a
second flashgun to fire,
effectively simultaneously,
without the need for
trailing leads.

WHEN taking photographs by
flashlight a common prob-
lem is the production of very sharp
and unnatural shadows. The usual
solution to this is to use two flash-
guns, the additional one being
positioned in such a way that it
softens or eliminates the harsh
shadows.

It is possible to fire both flash-
guns direct from the flash contacts
of the camera, but this almost
inevitably needs long trailing
wires which are extremely incon-
venient. A much better alternative
is to fire one gun using the flash
contacts, with the other gun being
activated by a photoflash slave
unit. This is simply a light acti-
vated switch which automatically
fires the secondary flashgun the
instant it receives a pulse of light
from the main flash unit.

The photoflash slave described
here incorporates a high gain
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amplifier which provides very high
sensitivity, and the unit triggers
very reliably under normal circum-
stances. An unusual feature of the
circuit is that it is powered from
the secondary flashgun via its
flash lead, and the unit therefore
requires no battery of its own.

Although this is by no means
unique, circuits of this type do not
usually use any amplification and
thus have a comparatively low
sensitivity.

CIRCUIT DESCRIPTION

The complete circuit diagram of
the unit is given in Fig. 1.

A potential of about 175 volts is
present across the flash lead, but
the available current is very small.
A very low current is drawn from
the flash lead via R5 and R6, and
this charges up Cl. The voltage
across Cl will rise quite quickly to
a level of about 9 volts, and then
the voltage across R3 will be suffi-
cient to start to turn on TR2.

This results in the current from
the flash lead being diverted
through R4 and the collector/
emitter terminals of TR2, and so
C1 does not charge up any further.
In this way the circuit is provided
with the necessary low voltage
supply.

PHOTO TRANSISTOR

Transistor TRl is a photo-
Darlington transistor and is used
here in the emitter follower mode.
The base terminal of this device is
connected to the negative supply
rail so that it is reversed biased.
This is necessary in order to re-
duce the sensitivity of the cell, as
using the cell at maximum sensi-
tivity would result in it having a
low collector to emitter resistance
under normal lighting conditions.

Bearing in mind the low level of
current which can be supplied
through R5 and R6, this would
represent a virtual short circuit
through TR1 and Rl. and would
prevent any significant supply
voltage being developed across Cl.
The circuit would thus be pre-
vented from operating.

Fig. 1. Complete circuit diagram of the Slave Flash.
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COMPONENTS

Resistors
R1 4-7kQ See
R2 10MQ Sh
R3 470K OR
e, Tal
R6 8-2MQ page 595
All $W carbon + 10%

R4 12kQ

Capacitors
C1 100nF polyester
C2 100nF polyester

Semiconductors
TR1 2N5777 photo-darlington
npn
TR2 BC109C silicon npn
TR3 2N4062K (see text)
CSR1 TAG1/100 or similar
rated 1A 200V thyristor

Miscellaneous

SK1 extension lead for flash-
gun (see text)

Stripboard 0-1 inch matrix 15
strips x 11 holes; small
clear plastic case; small
rubber grommet; connecting
wire.

£4 excluding
_ case

When TR1 receives a pulse of
light from the main flashgun its
collector to emitter resistance
falls slightly and a positive voltage
spike is developed across Rl, This
is fed to the base of TR2 by way
of C2, and it causes TR2 to con-
duct more heavily. This in turn
results in TR3 being switched hard
on, and a large pulse of current
being fed to CSR1 gate as Cl is
rapidly discharged through TR3
and the gate circuit of CSR1.

CURRENT PULSE

This pulse of current switches
on CSR1 which then completes the
circuit across the flash lead and
fires the secondary flashgun. Once
the flashgun has fired, the current
through CSR1 falls to a low level
and it switches off. The circuit is
then ready to start again from the
beginning when the flashgun is
recharged for the next firing.
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Being purely electronic, the
circuit operates extremely quickly
and there is very little delay
between the pulse of light being
received and the secondary flash-
gun being fired.

OBJECT BEING AN
PHOTOGRAPHED =i

The reason for using two resis-
tors in series in the R5 and R6
positions rather than a single
resistor of a suitable value is
merely that such a resistor is not
readily available.

FLASH GUN
N - - -
SLAVE
FLASH
V4
V3
V 4
~ *
\
PHOTOCELL
”
—NVN—
- PHOTOCELL STfBL’TG‘;EER ELECTRONIC
'r CIRCUIT AND AMPLIFIER SWITCH

The circuit is powered by the high voltage and low current available
from the flashgun. Capacitor C charges via the resistor R to a level of
about 9 volts, this level being set by a voltage regulator. Light falling on
the photocell produces a voltage spike which is amplified and passed to

an electronic switch,

The current required to trigger the switch is quite high, but is obtained
due to the high speed at which C discharges. The flashgun is thus fired

only very shortly after the main flash,
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Allthe components are assembled
on a 0-1 inch matrix stripboard
using the component layout illus-
trated in Fig. 2. Start by cutting
out a panel of the appropriate size

so that TRl is positioned behind
this hole.

Note that the curved surface of
TR1 is the light sensitive area.

If a metal case is used, the com-
ponent panel must be mounted
with a short spacer being utilised
to hold the copper strips on the
underside of the panel a little way
clear of the case. Even if a plastic
case is used it is advisable to use
a spacer or a few washers over
the mounting bolt between the
case and the panel, as otherwise
the panel may well fracture when
the mounting nut is tightened. A
6BA mounting nut and bolt are
suitable.
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Fig. 2. Stripboard layout and wiring of the socket. Note the leadouts of the 2N4062K
transistor, There are two versions, one with the suffix K and one without. Be sure to
identify which one you are using. The leadouts of the thyristor also depends on the type

used, but are correct for the type specified.

and then drill the single 3:2mm
diameter mounting hole. There
are no breaks in the copper strips
and so the components and link
wire can then be soldered into
position.

On the prototype a 2N4062K
device was used for TR3, but the
electrically identical 2N4062 device
is also suitable. Note, however,
that these two transistors have
totally different leadout arrange-
ments, and care should be taken
to ensure that the device used is
connected correctly.

CASE

Construction is greatly simplified
if a clear plastic case is employed
with this project as this enables
the light from the flashgun to
penetrate through to the photocell.
If an opaque case is used it will
be necessary to drill a hole about
6mm in diameter in the case and
then mount the component panel
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FLASH LEAD

Sockets to match the plugs fitted
to flashguns are not easy to obtain,
and are rather expensive. Prob-
ably the easiest way of connecting
the flashgun to the slave unit is
to use a flash extension cable. The
unwanted plug is cut off and then
the free end of the cable is
threaded through a hole about
4mm in diameter which is drilled
in the case at any convenient
point. The lead is then connected
to the component panel before the
latter is finally mounted in the
case.

The flash lead must be connec-
ted with the correct polarity or the
unit will fail to work. Normally
the outer braiding is the negative
lead if a screened cable is used,
or the black lead in the case of an
ordinary two core cable.

However, this may not always
be the case, and it is advisable to
check the polarity using a volt-

meter if possible. If not, trial and
error can be used since the slave
unit will not be harmed if the
flash lead polarity is incorrect.

USING THE UNIT

When the slave is used indoors
it will almost certainly trigger
reliably even if it is not positioned
to receive a large amount of light
from the main flash unit.

In fact, even at a distance of
several metres with something
obscuring the slave unit from the
flashgun (a low power type) the
unit seems to operate reliably
from the flashgun (a low power
type) the unit seems to operate
reliably from reflected light!

OUTDOOR USE

Out of doors the situation is
rather different as in most cases
the amount of reflected light will
be comparatively small. It will be
necessary to aim the photocell at
the main flashgun in order to
obtain satisfactory operation from
a small flashgun at a range of
several metres, but this may not
be necessary if the main flash
unit is a powerful type.

In common with most flash slave
units, the unit will not function if
it is subjected to a very high
level of ambient lighting. If such
lighting is present, the unit should
be positioned where it is shielded
from the light source.

Under uncertain conditions it is
always advisable to test the set up
once or twice to ensure that it is
working reliably prior to making
an exposure,
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By Brian Terrell

Soldering lron

We have recently received news of
an inexpensive iron called the Con-
queror. This is manufactured and
marketed by Light Soldering Develop-
ments Limited, Department EE, 97-99
Gloucester Road, Croydon, Surrey.
The Conqueror ts a thermally balanced
soldering iron that can be fitted with
a wide range of bit sizes to cater
for different uses. The iron is rated at
18 watts with its element enclosed
in a stainless steel shaft, with the
non-seize push-fitting over this.

A stand suitable for this iron that
can hold four spare bits is also
available. The spring stand is fitted
with a ‘'sponge” for cleaning the bit
when in use.

Extras available for the Conqueror
are burn proof lead, translucent
handle and indicator lamp (1o show the
iron is on) detachable suspension
hook, long life bit and safety collar.

The standard iron can be supplied
to operate from 12, 24, 115, 220 and
240 volts and costs £4:68 including
VAT postage/packing and comes
fitted with a #th inch bit as standard.

The stand costs £3-50 inclusive and
additional bits can be purchased
at 54p each excluding VAT and post
and packing.

Hand Tools

Next to the soldering iron in the
workshop, perhaps the most used
hand tool is the side cutter for crop
ping component leads and cutting
wires to length.

A pair of long-nose pliers are found
to be in constant use in our workshop
for holding components when pos-
itioning, bending leads, putting wash-
ers onto bolts rot directly accessible
to the hand. A heftier pair of pliers
commonly called electricians pliers
will be found particularly useful for
such things as tightening the retaining
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nuts on potentiometers, switches, etc.
and with the aid of the long nose
pliers for stretching/straightening
tinned copper wire for instance,
prior to cutting and bending.

With all these hand tools mentioned,

the quality of the tool is usually
reflected in its cost. Box jointed
types are recommended for long,

reliable use, with insulated handles
for safety and comfort.

Among other tools that should be
included in your tool pack are a
junior hacksaw for cutting component
boards to size, a selection of files
for cleaning the edges of the cut board,
and for shaping holes in aluminium,
Paxolin, Perspex etc and a set of
screwdrivers, both standard and
Philips types. To complete this list, a
set of drills and a wirestripper should
be added.

Readers will be interested to know
of a catalogue of tools available
from OK Machine and Tool (UK) Ltd.,
EE Sales Department, 40a The Avenue,
Southampton, SO1 2SY which con-
tains a vast selection of hand tools
both box-jointed and lap-jointed ver-
sions. The quality tools are manu-
factured in the USA and are reason-
ably priced.

The tools listed in this 14 page
illustrated catalogue are various pliers,
cutters, strippers, screwdriver, tweez-
ers and soldering irons and prices
for each are included.

The catalogue entitled Electronic
and Electricians Hand Tools is avail-
able free of charge and can be obtained
by sending a stamped self addressed
envelope to the above address.

Safety Shears

A tool from this firm (not listed in
the catalogue) that we asked to receive
was a pair of safety shears, type OK
SAF 01. These "cutters’ can handle
wire, hard or soft up to Tmm in dia-
meter. The shears incorporate an
adjustable strip located alongside the
cutting jaws to hold the wire or lead
firmly after it has been cut thus
eliminating the hazard of clippings
flying into the eyes or falling into
a piece of equipment.

The shears are spring loaded and
the handles are covered in a bright
orange padding for comfortable use
and easy identification on the work-
bench or tool box. We were impressed
with this useful tool.

The cost, including VAT postage
and packing is £2-58 and is available
from the address given above.

This Month’s Constructional
Projects

Most of the components for the
Audio  Frequency Signal Generator
should present no buying problems.
Two devices may cause concern,
these being the R53 thermistor and
a transistor type OC140. The former
is now known also as RA53 and can

be obtained from Electrovalue Ltd.,
Doram Electronics and Maplin Elec-
tronic Supplies, whose addresses will
be found in the advertisement pages.

The OC140 transistor is an obsolete
type although it is still stocked by
some component suppliers, Watford
Electronics, 35 Cardiff Road, Watford,
Herts, being one that we have found.
The cost is £1-22 including VAT and
post/packing.

In the M. W. Mini project the tuning
capacitor used in the prototype was
obtained from a defunct Japanese
radio and has a value of 250pF. We
have been unable to pin-point a
supplier of a solid dielectric type of
this value, but Electrovalue Ltd.
hold stocks of a 200pF type that
should be suitable.

Any value between 200 and 30CpF
will be suitable, the only limitation
being the physical size if the overall
size of the prototype is to be main-
tained.

Thephoto-Darlingtontransistorused
in the Slave Flash, the 2N5777 doesn't
appear in many advertisers lists and
may prove difficult to locate as was
the case in a similar project last year.
Arrow Electronics Limited, Leader
House, Coptfold Road, Brentwood,
Essex, can supply this device at a
cost of £1-15p inclusive of VAT and
post/packing.

In the past, a suitable socket (plug?)
for connecting the unit to the second
flash gun has to our knowledge not
been available and required buying
a flashgun extension tead and remov-
ing one connector. Your attention is
drawn to a letter published last
month from Mr. Mortimer who located
a source for the required connector.

The most expensive project this
month is strangely the one with the
minimum number of components,
the Chronostop.

The display devices HP5082-7414
used by the authors of the project
were obtained from a calculator
“bits and pieces” sale at Henry's
Radio in Edgware Road, London.
These devices are manufactured by
Hewlett-Packard, a major distributor
of theirs being Celdis Ltd., (Tel:
Reading 582211). They may be able
to give a supplier in your area.

Other similar displays more readily
available could be substituted, but
wiring and connection details will of
course need to be altered.

The heart of the Chronostop, the
ICM7205, is stocked by A. Marshall
Ltd., who regularly advertise in these
pages and Watford Electronics, ad-
dress given above.

A. Marshall (London) Lid., have
moved to new larger premises
at Kingsgate House, Kingsgate
Place, London NW8. Existing prem-
ises are being refitted as a new
branch.
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"By A.J. Crighton

DURING recent years, since the
introduction of the ZN414
radio i.c. many articles have
appeared describing the construc-
tion of simple radios. It seems that
in many designs using this i.c. the
cost can be quite high when com-
pared with the cheaper Japanese
radios, making the home con-
structed version a less viable pro-
position.

The design here uses three
cheap transistors which give com-
parable results to the i.c., but is
cheaper.

CIRCUIT DESCRIPTION

The circuit diagram of the M.W.
Mini is shown in Fig. 1.

The tuned circuit, L1/C2 selects
the required station, transistor
TR1 providing the necessary r.f.

Fig. 1. Circuit diagram of the Sub-miniature Radio.

¥ sgE TEXT
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amplification. The signal is then
passed to TR2, a small proportion
of the signal being fed back from
the collector to the base of TR1
via the tuned circuit.

A mixture of both rf. and a.f.
is now circulating in this feedback
loop, the r.f. reinforcing that
coming via the tuned circuit, the
af. being passed to the audio
stage.

Transistor TR3 provides the
required audio amplification which
is at a sufficient level to drive a
crystal earpiece connected to SK1.

Most of the components are
mounted on a small piece of plain
matrix board having 13 by 7 holes
as shown in Fig. 2. Connections to
the components are made using
single-cored wire on the underside.
Using this method a smaller lay-
out can be achieved than by using
ordinary stripboard.

The aerial coil L1, is home made
and consists of 80 close wound
turns using 32 s.w.g. wire on a
ferrite rod. The jack socket, SK1,
serves two purposes; besides being
the normal socket for the ear-
piece, it also turns the power on.
To do this a slight modification is
necessary to the standard com-
ponent.

This is shown in Fig. 3, and as
can be seen it is just a matter of
bending one of the contacts out
so a “make” action is achieved
rather than the normal ‘“break”
action.

The tuning capacitor C2 is one
which is seen widely in small
portable transistor radios, and
may have two sets of gangs. If this
is the case, then one set should
be ignored. The wiring shown in
the diagram is correct for the type
used in the prototype.

IN USE

Once you are sure that the
wiring is correct and no mistakes
have been made the earpiece can
be plugged in. As soon as it is
pushed in power will be applied
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Ol
Resistors See O O s ’
R1 100kQ S
R2 2-7kQ (see text) Sho oJoXol XO) 000 ;' 2
R3 100kQ Tal \
R4 1-5kQ =K1 g
All §W carbon ==10% page 595 o o z
Capacitors 000 n
b5 C1 0-01 uF ceramic
A C2 250pF variable 8
C3 0-1uF polyester "
C4 0-47uF 10V elect. . R
i
Semiconductors b
TR1, 2, 3 BC548 silicon npn ¢ E
(3 off) RB@_. £
Miscellaneous OO0 ..M]—. oNONOR [
SK1 3-5mm jack socket

L1  home-made aerial coil
(see text)

B1 1-5V D23 battery

Matrix board 0-1 inch 13 7
holes; small plastic case 60
40 x 15mm; ferrite rod 45
9mm; 32 s.w.g. enamelled
copper wire; crystal earpice;
small flat tuning dial, 26mm
diameter to suit C2; connect-
ing wire.

Fig. 2. Wiring details for the matrix board and external components,

SK1 TAG 2

Fig. 3. Modification required to the jack
socket and interwiring details.

The completed circuit board for the radio.

to the circuit, and some back- receiver should be turned around

ground noise will be heard.
Adjusting the tuning will pro-
duce a few stations, the actual
number will depend on the type
of location. The tuning is quite
sharp and some care is needed
when tuning. The ferrite rod
aerial is directional, and the
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in both planes for maximum signal
strength for each station.

If a whistle occurs on some
stations as they are tuned in, then
some adjustment of R2 will be re-
quired. Increasing the value to,
say, 3-3k will sove the problem.

£1-50

excluding case
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POWER SUPPLIES AND TRANSDUCERS

E ARE now nearing the end of the present series,
W but before we finally end it is appropriate at
this time to briefly look at power supplies and how
they can be simply constructed.
The second subject, transducers, does in fact cover
a wide range of components. Albeit only briefly, it
does give the reader an insight into the many other
types of components that are in common use today.

POWER SUPPLIES

The many and varied circuits used in electronics
require power supplies. A computer, with millions
of transistors in its integrated circuits may require
a large current at a low voltage. It is important that
the voltage be correct. If too low the circuits would
not work, if too high they may be damaged.

ZENER DIODE

Some form of stabilised voltage supply is generally
used. This protects the computer against fluctuations
in the mains voltage. Many voltage stabilisers make
use of a device called a Zener diode. In one sense,
all silicon junction diodes are Zener diodes.
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Fig. 11.1. Typical diode voltage/current curve. The bend at A is
the forward bias condition. The bend at B is the reverse bias
condition.

If you examine how the current they pass varies
with voltage for both forward and reverse bias, Fig.
11.1 you find two sharp bends in the curve. Bend A
is the usual one at round about +0-6V forward bias
voltage. That is, it is the turn on voltage. Bend B
comes at a much higher reverse voltage. In ordinary
diodes this bend is at anything from about —50V to
several hundred volts, or even several thousand.

However, special diodes can be made which break
down at lower voltages. The voltage at B is called
the reverse Zener breakdown voltage and the diodes
are known as Zener diodes. They can be made with
very stable breakdown voltages. Since the current
increases sharply once the Zener voltage is exceeded
the diode must always be protected by a current
limiting series resistance. The power dissipated by
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a Zener is: voltage times current as usual. So a 10V
Zener passing 100mA dissipates 10 X0-1=1W.

A simple Zener stabiliser, Fig. 11.2a, uses a series
resistance RI to absorb part of the input voltage. If
the input voltage increases, almost the whole of the
increase is absorbed by RI. The voltage across the
Zener is virtually constant, because a tiny increase
results in a large current increase in R1, which drops
more voltage as a result.

UNSTABLE + UNSTABLE
INPUT 5 INPUT  § -
; -t
o & STABLE 1: D1 oee-
Uil / vz STABLE QUTPUT
-—————O T o R
B

Fig. 11.2. Zener stabilising circuits. In (a) the resistor absorbs
part of the input voltage to produce a stable voltage across the
diode. The circuit of (b) is to enable the Zener to deliver more
current by using an emitter follower.

The trouble with this circuit is that both Rl and
the Zener have to handle a lot of power. So circuit
designers have dreamed up arrangements which use
the steady voltage across the Zener merely as a
reference voltage, supplying little current.

EMITTER FOLLOWER

The current needed by the load is supplied by
transistors, controlled in some way by the Zener. In
the simplest circuit, Fig. 11.2b, the Zener voltage V; is
applied to the base of a transistor, and the stabilised
output taken from the emitter. You may remember
this type of circuit, it is called an emitter-follower.

The output is the base voltage, V: minus the
working base emitter voltage Vge. If you choose V;
to be about 0-7V above the voltage you need the
correct output is obtained. If the transistor has a high
current gain not much base current is needed so the
Zener need not work very hard.

In any case, a second emitter-follower can be driven
by the first shown dotted thereby greatly reducing
the current, at the expense of two Ve voltage drops
between the Zener and the output.

s’ E——
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9.’»0‘1

LI}
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If this is not stable enough, (the Vs does vary
somewhat according to the current through the
transistor—the load current), an arrangement is used
where the actual load voltage is stabilised. In this,
a differential amplifier is used to compare the Zener
voltage with a sample of the output voltage, Fig. 11.3.

POWER
TRANSISTOR

ZENER ¢9 R3

UNSTABILIZED
D.C. INPUT

STABILIZED
D.C.OUTPUT

Fig. 11.3. A voltage stabiliser circuit. A sample of the output
voltage is compared by the op amp and used to control the
output.

FEEDBACK

If there is any difference it is amplified and then
used to control the series transistor in such a way
that the difference is reduced. Yet another example
of negative feedback. With this arrangement the
output voltage can be higher than the Zener voltage.
If R2 is twice the value of R3 for example, the output
voltage is three times the Zener voltage. The output
voltage can be made variable by substituting a
potentiometer for R2 and R3.

This is useful for setting the voltage to a precise
value. Zeners have tolerances like other components.

Stabilised voltage supplies often have special
safety precautions against overload or short circuit.
Usually these take the form of sensing the output
current and turning the output off, or limiting it to
a safe value if the load tries to draw too much cur-
rent. Current sensing is done by monitoring the
voltage drop across a small resistance in series with
the Joad.

Nowadays it is possible to buy integrated circuits
which contain the differential amplifier and protec-
tion circuits. The user adds the series transistor,
Zener, various potentiometers to set up the voltage
and protection, and capacitors.

MAINS POWER SUPPLIES

So far we have not said how the unstabilised d.c.
supply is obtained. In mains powered equipment the
high mains voltage, 240V, 50Hz in the UK, is con-
verted to a suitable low voltage by a step-down
transformer. The use of a transformer has two great
advantages.

First, the low voltage secondary can be well insu-
lated from the high voltage primary. Dangerous high
voltages are kept to the primary.

A neatly built example of an amateur power supply.

599



Second, the voltage transformation is made with
very little power loss. A perfect transformer would
have no loss, so 240V, 1A input could be transformed
to 1V, 240A output (remember watts=volts X amps?),
giving the same power out as went in.

Real transformers waste some power in the resis-
tance of the windings and some by driving useless
currents round and round in the magnetic core.

These unwanted currents are known as eddy cur-
rents. To reduce them the iron cores, known as
“stacks”, are formed using thin metal parts, called
laminations. The majority of small mains trans-
formers used in electronics are only about 50 per cent
efficient, that is, about half of the available power is
lost.

Really big transformers as used in power stations
have to be much more efficient, to avoid overheating.
Even 1 per cent of the output is a lot of power lost!

RECTIFICATION

Transformers deliver a.c. and this must be rectified
to turn it into d.c. Nowadays silicon diodes are the
usual form of rectifier, though you may also come
across selenium rectifiers, and in old valve equipment,
valve rectifiers. The simplest rectifier arrangement is
the half-wave rectifier circuit, Fig. 11.4.

a@k
e/

| . /

2 1+ v
r 10v c! RL
— RMS \ {LOAD}

Fig. 11.4. A simpie power supply using half wave rectification.
R\ is the output load resistor.

O,

HALF-WAVE

Half-wave rectification allows current to flow
during only one half cycle of each complete wave of
the a.c. input. Without CI, the load receives a “pulsat-
ing d.c.” voltage. This is all right for some jobs, such
as charging batteries or driving model cars, but it
is no use for, say, a computer because the d.c. supply
is off for half the time and varies in voltage for the
other half.

Adding C1 is a great help, because this capacitance
charges when D1 conducts and discharges the rest
of the time. If large enough, the large pulsations are
smoothed out and only a small sawtooth ripple
remains. If there is no load, CI becomes charged to
very nearly the peak of the applied a.c. voltage, e.g.
to 14V if the voltage is 10V r.m.s. Transformer
voltages are quoted in r.m.s. values.

When a load is connected the voltage falls. The
extent of the fall depends on how big CI is and how
much load current is taken. For any power supply
there is a maximum safe output current.
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A measure of the fall in output voltage is produced
by doing the calculation:

No load voltage —full load voltage
) No load voltage

This is often called the regulation and expressed
as a percentage. Thus if the voltage falls from 100V
to 80V the regulation is:

100—80 20
= —=20%
100 100

As more load current is drawn the ripple increases,
because the reservoir capacitance CI is drained of
more of its charge during the non-conducting inter-
vals of D1. If a voltage stabiliser is connected between
Cl and the load it is important that, even at the
troughs of the ripple, there should be enough voltage
to allow the stabiliser to work properly. The stabiliser
then removes the ripple as well as keeping the
output voltage constant.

Half wave rectifier circuits are seldom used with
mains transformers. The reason is that the d.c. load
current flows through the transformer secondary.

Fig. 11.5. A full wave rectifier circuit. Diodes D1 and D3 conduct
on the positive half cycles, while D2 and D4 conduct on the
opposite half cycles.

This is bad because it increases the magnetisation of
the iron core. Iron can only take a certain magnetisa-
tion.

If you try to magnetise it more and more strongly
a point is reached at which it becomes “full up”. This
is called core saturation and has the effect of reducing
the inductance of the windings drastically. Conse-
quently the impedance of the primary falls and a
large and possible damaging current flows through
it from the mains.

FULL-WAVE

To avoid this, full-wave rectification is used. With
this circuit the d.c. during one half cycle is followed
by an opposite polarity d.c. during the next. That is,
the core receives only an alternating magnetic field.
To steer the output current of the transformer secon-
dary in the required directions four diodes are
needed, Fig. 11.5.

If you think of a diode symbol as an arrowhead,
current flows in the direction in which it points.
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During the half cycle shown, D1 and D3 conduct,
charging C1 as shown. On the next half cycle, D2 and
D4 conduct, again charging CI as shown. Whatever
direction the current takes in the transformer wind-
ing Cl is charged the same way. Whichever pair of
diodes is non<conducting is reverse biased at the time.

An alternative circuit, the push-pull rectifier con-
sists of two half-wave rectifier circuits back to back,
Fig. 11.6. Diode D1 conducts on the half cycle shown.
Current flows back into the winding via the centre-
tap and diode D2 conducts in the next half cycle. The
effect of the d.c. in one half winding is cancelled by
the d.c. in the other, flowing in the opposite direction.

+ SN
H
0V ot
CENTRE TAP C1 £
’
l QUTPUT l
D2 - +
oV 14V MAX.
£ N/

Fig. 11.6. A push-pull rectifier circuit. Although saving on the
number of diodes used, the transformer does require a centre-tap.

CURVES

With full wave rectification C1 is charged twice
every cycle, lowest curves in Fig. 117, so the ripple
is reduced. The four diode full wave rectifier of Fig.
11.5 is often called a bridge rectifier.

Referring back to the half wave circuit, think
about the voltage across D1 at the peak of the non-
conducting half cycle. Suppose there is no load, so
Cl is fully charged. The anode is at a voltage of

+14

Y, WAVE WITH C1
v. i \ V.
2 . 2
i

FULL WAVE NO C1

. /\/\/\/\ .

FULL WAVE  WITH C1

Fig. 11.7. Typical graphs showing the various outputs obtained
from the previous three figures, In all cases the input is the
same and is shown by the top graph.
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—14V. The cathode is at something near +14V (the
voltage stored in CI). These voltages are “series-
aiding” and add to place 28V across D1.

That is, D1 has to be able to withstand a reverse
bias of twice the peak value of the applied voltage.
It is vital that D1 has a reverse Zener breakdown
voltage of more than this. Otherwise current will
flow backwards, spoiling the rectification and subject-
ing D1 to large internal heating which will destroy it.
Diode manufacturers quote a peak inverse voltage
(p.i.v.) which must never be exceeded.

The 1N4001, for example, has a p.i.v. rating of 50V.
High reverse voltages occur in all rectifier circuits
where the diodes feed a reservoir capacitor.

TRANSDUCERS

LIQUID TRANSMITTER

A little over 100 years ago Alexander Graham Bell,
a Scot who emigrated to North America, invented
the telephone. One of his major problems in making
it work was to convert sound efficiently into electrical
energy and back again.

One of Bell's attempts at making a microphone, a
device which converts sound waves into correspond-
ing electrical currents or voltages, was his “liquid
transmitter”.

This used a wire partially immersed in a conducting
liquid. Fig. 11.8 The opposite end was attached to the
centre of a diaphragm. When someone spoke into the
diaphragm it vibrated, moving the wire up and down
in sympathy, this altered the amount of wire in
contact with the liquid.

MAGNETIC
EARPHONE
DIAPHRAGM TELEPHONE
LINE
CONTACT -
WIRE e II—O
CONDUCTING g™ METAL
LIQUID » PLATE
|
- —

Fig. 11.8. Bell's liquid transmitter. When sound waves strike the
diaphragm the contact wire is caused to move. The equivalent
electrical circuit is shown alongside.

When a current was passed through the wire the
audio variations modulated the current flow between
the wire, a fixed metal plate immersed in the liquid
and the outside circuit.

The arrangement is really just a resistance which
varies in sympathy with the movements of the
diaphragm and hence in sympathy with the sound.
Its associated circuit diagram is a resistance in series
with the battery 'which supplies the current.
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Bell’s liquid transmitter was not very successful.
It was replaced by a device still in use today in most
British telephones. This is the carbon microphone.
Fig. 11.9.

Here the diaphragm presses down on a container
full of carbon granules, hard shiny grains of carbon.
Increasing pressure improves the contacts between
the granules and reduces resistance. Decreasing
pressure has the opposite effect.

So, when sound vibrates the diaphragm, the resist-
ance of the carbon microphone varies in sympathy.

o

\ -
§ DIAPHAGH l—]

Fig.11.9. The carbon microphone. As the equivalent circuit shows,
the principle is the same as the previous figure, but this system is
more reliable.

Devices like these, which convert one physical
quantity into another are called transducers.

The most familiar are the microphone, loud-
speaker, gramophone pickup, and telephone earpiece
but there are many others.

A great many transducers are designed to detect
movement of some kind. If an a.c. generator
generates one complete cycle of voltage when its
shaft is turned once, then it produces an output
frequency which is a direct indication of the fre-
quency of rotation of the shaft.

Slow movement is often measured by making
whatever is moving change a resistance. For example,
it is possible to buy potentiometers which have no
end stops like the ones you have been using, but
allow the shaft to be turned round and round the
same way.

These 360° pots can be used to indicate the angle
through which a shaft has been turned. Straight pots
of the slider type can be used to indicate straight-line
movements.

STRAIN GAUGES

An important class of movement detectors are
strain gauges. These detect the very small movements
which occur when a structure of some kind, for
example a bridge moves under a load, or expands
and contracts with temperature changes.

One common type of resistance strain gauge is a
piece of paper or plastic with a metal resistance
“track” printed on it. The gauge is glued firmly to
the structure so that it expands and contracts with it.
This stretches or compresses the track, changing the
resistance by a small amount.

To detect the change, the resistance is usually made
part of a balanced bridge circuit, Fig. 11.10. Any strain
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unbalances the circuit, giving a tiny output voltage
which is amplified so that it can be easily observed
or recorded.

It is common practice to make one arm of the
bridge from another gauge which is near the first one
but not strained.

In this way changes in resistance due to tem-
perature can be compensated.

DC.ENERGISING
CURRENT

ACTIVE

cauee £ VF!

DIFFERENTIAL
AMPLIFIER

VR2
BALANCE
CONTROL
TEMPERATURE

COMPENSATING R1 R3
GAUGE

Fig. 11.10. Resistance strain gauge in the form of a balanced bridge
clreuit. Straln on VR1 causes it to change resistance and upset
the balance.

NON-CONTACTING
TRANSDUCERS

It is often inconvenient to connect wires to a
moving object. A good example is a rotating shaft
where the wires would get twisted. To measure its
movement without connections needs some sort of
non-contacting transducer system.

There are many ways of solving this kind of
problem. If a magnet is fixed to the shaft, so that it
passes close to a fixed coil once every revolution, a
voltage will be induced in the coil at every pass. But
fixing a magnet, which is necessarily made of heavy
material, may unbalance the shaft, causing vibration.

An alternative, shown in Fig. 11.11 is to attach a thin
piece of lightweight reflective material to the shaft.
A light beam reflected off the shaft at this point
undergoes an increase in reflected brightness when
the reflective material passes. This can then be
detected by a photodetector.

SHAFT

REFLECTIVE
MATERIA

TO PHOTO-
DETECTOR

Fig. 11.11. A photo-electric system for detecting rotation. A
reflective patch on the shaft directs light to a photodetector once
every revolution.
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PHOTODETECTORS

There are many kinds of photodetector. You are
certain to come across some of these in the future.

One of the simplest is the photo resistor, commonly
called a light dependent resistor, l.dr. An ldr.
usually consists of a resistive track of cadmium
sulphide or cadmium selenide on a flat surface, glass
or plastic, with a transparent cover. Light beams can
be considered as streams of fast particles, photons.

&

A light dependent resistor.

When a photon hits the ld.r. material it may
knock an electron out of an atom. This temporarily
freed electron can now act as a current carrier, the
effect being to reduce the resistance.

Photoresistors are robust and relatively cheap and
are sensitive to the light from filament lamps, which
is really mostly invisible infra-red radiation. They are
also rather slow to respond to light, making them
unsuitable for some purposes.

PHOTOCELLS

Photovoltaic cells are used in photographers’
exposure meters. As their name suggests, they
generate a voltage when light falls on them, that is
the energy of the light is converted into electrical
energy.

The. traditional p.v. cell is made of a thin layer of
specially sensitised selenium and is slow to respond.
However the silicon photovoltaic cell is now often
used for the kind of job we are talking about.

It is a miniature version of the solar cells used to
convert the sun’s energy into electrical energy. These
cells respond quickly and are made with large active
areas, which can be useful if the light is unfocussed.
They respond well to filament lamp light.

PHOTOTRANSISTORS

The most popular silicon photo-detectors, however,
are the phototransistor. and the reverse-biased photo-
diode.

RELAY I |
RLA
LIGHT
n
b RLAIJ ouTPUT

PHOTO - I
ORDINARY
TRANSISTOR TRANSISTOR

Fig. 11.12. The photo Darlington photodetector is a light sensitive
transistor coupled to an amplifying transistor.

|
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The silicon phototransistor is just a silicon
transistor in a housing which lets the light in. In
most applications the base is left unconnected.

Light falling on the active area releases electrons
and therefore creates holes in equal numbers. These
electron-hole pairs act as input current carriers. The
transistor amplifies the current, giving a large output.

A phototransistor is often combined with an
ordinary transistor in one package. Fig. 11.12. This
combination, the photo-Darlington has a very high
sensitivity. It can be used to operate a relay as shown.

Silicon phototransistors respond in a few tens of
microseconds. If this is not fast enough then a
reverse-biased photodiode is a possible alternative.

PHOTODIODES

A photodiode is normally reverse-biased by a d.c.
voltage, this holds it in the non-conducting state
until light strikes it.

The resulting free electrons are then attracted to
the positive terminal and the holes to the negative.
The reverse bias voltage acts as an accelerating volt-
age and the response time can be short—less than a
microsecond, though it depends to a very large extent
on how the diode is used in the circuit.

A high value load resistance—slows down the
response considerably—to a millisecond. Fig. 11.13.

2 @

Fig. 11.13. A basic circuit using a photodiode. Here the output is
taken from across the load resistance.

A completely different kind of photocell is related
to the radio valve. Instead of having a heated
cathode, emitting electrons, as in an ordinary valve,
there is a photocathode, Fig. 11.14. This is an
unheated metal plate coated with a substance from
which electrons can be knocked out by light.

Fig. 11.14. A photo-detect-
ing valve diode. The curved
part is the photocathode,
and the anode the round
section. The positively
charged anode collects
electrons emitted from the
photocathode.

\ CATHODE

ANODE
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Examples of typical photodiodes.

These electrons, emitted into the vacuum, are
collected by the positively charged anode. In simple
vacuum photocells the photocathode is usually curved
into half a cylinder. The anode is a single stiff wire,
which stops the minimum amount of light.

The sensitivity of these vacuum photocells is low.

One early method of improving it was to let a
certain amount of gas into the device. Accelerated
electrons colliding with the gas molecules knock off
more electrons which in turn are accelerated, and so
on. If the process is allowed to continue the photo-
cell is destroyed. Therefore the anode voltage must
be set carefully so that a useful amount of this
fonisation multiplication is obtained but without risk
to the cell.

You may come across these simple photocells in
old film equipment, where they were used to convert
variations in light from the optical sound tracks
into audio frequency currents and voltages.

The valve-type photocell is still very much alive in
the specialised fields of nuclear physics and image
tubes, but in developed forms.

In nuclear physics, the presence of a nuclear
particle can be revealed by allowing the particle to
pass through a substance called a scintillator, which
responds by emitting a tiny flash of light. Counting
the flashes tells you something about the number of
particles. Measuring the intensity of the flashes tells
you about the energy.

Photodetectors for this work must be very
sensitive (since the Aashes may be feeble) very fast,
and must give an output strictly proportional to the
intensity of the light.

PHOTOCOUPLERS

We have been talking about converting light into
electrical signals. Frequently the opposite is required;
electrical signals to light.

Filament lamps can be used but they require a lot
of power and are slow. Gas-discharge lamps, such as
neon tubes are faster but require high voltages.

Light emitting diodes are very fast, use low voltage
and low power. They are not linear, that is, the light
emitted is not strictly proportional to the electrical
input.

A simple light modulator Fig. 11.15 uses a transistor
to drive current through the T.e.d.
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Fig. 11.15. An Le.d. can be turned on and off very quickly by pulses
of current to produce modulated light.

Modulated light can be easily detected at a short
distance by a photodiode or phototransistor, and
turned back into electrical signals. The usefulness of
doing this apparently pointless exercise is twofold.

First, there need be no electrical connection
between the l.e.d. and the photodectector. It can be
air, or transparent plastic, or some other good
insulator. This enables one side of the arrangement
to be set at a very different voltage from the other,
if necessary thousands of volts apart.

The other useful property is that the output device
need not be earthed.

Combinations of l.e.d. and photodetector, in neat
packages with black outsides to prevent external light
interfering, are known as photocouplers. They can be
used for example to isolate the controls of a mains
operated device from the mains voltage.

BALANCED CIRCUITS

The electrical balance principle mentioned in con-
nection with strain gauges is often used with other
kinds of transducers. It has the great advantage of
enabling the wanted signals to be separated from
unwanted ones.

In the case of the strain gauge bridge there may
be 1 volt d.c. across the circuit. But the variations
due to strain may be only a few microvolts. The
standing d.c. must be removed, otherwise it would
mask the small wanted signal and also make large

.. amplification of it impossible. The 1 volt would just

overload a high-gain amplifier.

Inductive balanced circuits, Fig. 11.16. are fre-
quently used when small movements have to be
measured.

Suppose L1 is free to move but L2 and L3 are fixed
and equal. The voltages induced in L2 and L3 by the
field of L1 drives currents, i, and i; in opposite direc-
tions through R. They tend to cancel.

——0
u p  OUTPUTTO
AMPLIFIER

v, 0

Fig. 11.16. A balanced inductive circuit. if L1 is free to move with
respect to L2 and L3 it can be placed in a “null’” position. Any
movement of L1 now unbalances the circuit, the change being
detected and ampilified.
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There is some position of L1 at which they cancel
exactly, and no output voltage appears. This is the
“null” or “balanced” position. If the output is applied
to a high gain amplifier, a tiny movement of L1 pro-
duces a detectable output. Movement in ome direction

produces an output voltage in phase with V.. ]
Movementi in the other direction produces an anti-
phase output.

METERS

Although they are not usually regarded as trans-
ducers, pointer meters have the typical transducer
property of turning one thing into another; current
into movement.

In moving iromn meters the current energises an
electromagnet which attracts a small piece of iron
which is attached to the pointer. The method works
with both a.c. and d.c. but has various disadvantages.

In practice it is used mainly for cheap insensitive
meters for indicating battery charging currents or
testing batteries. The usual meters for electrical
measurements are of the moving-coil variety. These
work rather like electric motors.

A pivoted coil is placed in a specially shaped
magnetic field. Current in the coil produces its own
magnetic field. The interaction between the two
causes the coil to turn round against the force of a
hairspring until it finds a balanced position. The
pointer is attached to the coil and turns with it.

A good moving-coil meter is sensitive, accurate, and
linear—that is the pointer movement is exactly pro-
portional to the current. Moving-coil meters respond
only to d.c. For a.c. they are fitted with rectifiers,
usually a full wave bridge rectifier arrangement.

The equivalent circuit of a moving-coil meter is a
resistance in series with an inductance. For d.c.
purposes the inductance is unimportant and the
meter is just a low resistance. To convert such a
meter into a voltmeter a series resistance is added.
In the circuit of Fig. 11.17 this is resistor R..

For example, if the meter requires 1mA for full-
scale deflection (f.s.d.), and it is to be converted to
read 10V f.sd. the total resistance must be 10
kilohms. If the meter coil itself is 100 ohms the
required extra resistance is 9900 ohms.

Rm

o METER
coiL

Fig. 11.17. A moving coil voltmeter and its equivalent circuit. The

total resistance is Rm + R + the coil resistance.
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Examples of modern moving-coil meters.

Several of these multiplier resistances can be pro-
vided, and the appropriate one selected to suit the
voltage to be measured. Meters with arrangements
for measuring a wide range of volts and ohms are
known as VOMs (volt-ohmmeters). A more general
term is multimeter.

For electronics work a multimeter should have a
small f.s.d. current. That is it should be a sensitive
meter, ImA or less. The sensitivity is often quoted in
a curious unit “ohms per volt”. A 1mA f.s.d. meter is
1kQ/V and a 100pA meter 10kQ/V

QUESTIONS

11.1. A photo-Darlington is a kind of;
a. photovoltalc cell
b. phototransistor
c. photodiode

11.2. A photocoupler contains:
a. two.l.e.d.s
b. one l.e.d. and one photodetector
c. two photodetectors

11.3. The “turn on voltage” for a silicon diode is:
a. + 0:6V
b. — 50V
c.— 0-6V

11.4. A moving coil voitmeter of 50kQ2/V is set to its
100V range. [ts resistance is:
a. 500
b. 50kQ2
c. 5MQ

11.5. A photodiode is normally:
a. reversed-biased by a d.c. voltage
b. forward-biased by a d.c. voltage
c. reversed-blased by an a.c. voltage

ANSWERS (7o part ten)
10.1. ABBCCBCC (b)
10.2. 255 (a)

10.3. a noR gate (b)

10.4. 23 (a)

10.5. A nNOR gate (a). The bar over the letter C means
“not"”, the plus sign means *or".

Next month sees the final part of the present series and deals
with one subject which many people find hard to grasp—
MATHS!
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Time Out

As a follow-on from our previous
pieces on mains supply frequency
variations | found, surely, the most
curious situation of all in Japan.

it's well known that in Europe the
mains supply is at 50Hz, or 50 cycles
per second, whereas in the USA it is
60Hz. Japan is usually thought of as
being a 60Hz, 100 volt mains country. In
fact this is only true for the Osaka
area of the country. In Tokyo the
situation is different. Although the
voltage is still 100V the frequency is
50Hz]|

What this means is that a clock,
tape recorder or gramophone that is
dependent for its speed on the mains
frequency won't work properly in both
Osaka and Tokyo. A clock bought in
Tokyo will run fast in Osaka and
a tape recorder bought in Osaka will
run slow in Tokyo.

This could also cause real problems
for television transmission (where
frame rate is related to mains fre-
quency) so the stations have their
own generators making them indepen-
dent of local mains supply.

Speed Control

As previously mentioned there is a
current hi fi fad for incredibly precise
speed control on gramophone turn-
tables. This is achieved by locking the
turntable speed to the oscillation of
a crystal. The result is speed control
far, far in excess of that available in
the cutting room when the master
tape is transferred to master disc
lacquer using a cutting lathe turntable
locked to mains frequency. Remember
that mains frequency can legally vary
by one per cent up or down.

At long last, one cutting room has
come up with an answer to the problem
of mains variations, it's so simple
that it is astonishing that no one
ever thought of it before.
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By ADRIAN HOPE

The Strawberry Mastering Room,
recently opened in London, s
designed and equipped solely to cut
master disc lacquers from master-
tapes, whether recorded at the Straw-
berry Studios at Stockport and Dorking
or at other studios hiring the Straw-
berry cutting facilities. The Strawberry
studio in Stockport is, by the way,
most famous for the 10cc recordings
made there.

The Mastering Room in London has
a standard Neumann cutting lathe
which, like other cutting lathes, is
locked to mains frequency rather
than a crystal. Thus, its speed will
vary with mains frequency fluctuations.
But the master tape will normally be
exactly accurate in speed because
the tape deck on which it was recorded
and on which it will be replayed is
crystal-controlled.

What normally causes the problems
of speed discrepancy is that the tape
speed remains steady while the lathe
speed varies with the mains. What
the Strawberry designers have done
is override the crystal control of the
replay tape deck in the cutting room
and so make it dependent on mains
frequency.

Normally this would be a retro-
gressive step, any mains frequency
fluctuation altering the pitch of the
tape playback by a corresponding
amount. But because both the cutting
lathe and the replay tape deck are
locked to mains frequency they will
both vary in speed by exactly the
same amount.

So the master lacquer will be cut at
exactly the correct pitch. If, for
instance, the mains frequency is up
by one per cent, the master tape will
be running one per cent fast and the
master lacquer will be running one
per cent fast. Thus all records pressed
from the master lacquer and sold in
the shops will be one hundred per
cent accurate in cutting speed and
thus musical pitch.

Buzz-off

A surprising number of modern
electronic and technological innova-
tions really are what the advertisers
say—spin-off from the space projects.

First, and most popularly known, we
had non-stick frying pans, thanks to
the plastics developed to coat space
capsules for re-entry. But surely most
significant of all, has been the overall
impetus given to miniaturisation, not
only in pure electronics but in allied
fields such as magnetic, battery and
solar power technology.

It costs so much to blast anything
into space that the rocket payload must
be kept as light as possible. So there
has been a massive incentive to make
everything as small as possible. It is
arguable that pocket calculators, digi-
tal wristwatches and microprocessors
would not yet exist if it had not been
for the space race.

Less desirable spin-offs from space
have been the buzzword and the buzz-
phrase. “We have lift off'" started a
whole new vocabulary and computer
workers now communicate with each
other in a language quite incompre-
hensible to other mortals.

Sense of Humour

} am reassured to find that they do
have a sense of humour about it. A
delightful document, apparently out of
Honeywell, tells the uninitiated how to
coin their own buzzphrases and buzz-
words. This technical writing kit is
based on the Simplified Integrated
Modular Prose (SIMP) writing system,
it explains. There are four SIMP tables,
A, B, C, and D, each with ten phrase
segments.

As the instructions explain anyone
who can count up to ten can use them
to generate up to forty thousand in-
comprehensible but intelligent-sound-
ing buzzphrases, simply by juggling
one segment from each table into a
complete phrase.

The buzzword generator works in
the same way. Three columns of word
parts can be joined together in any
order. Take any three digit word, 765,
for instance, and you end up with
“optical, logic'" and *“programming".
Put them together and you have
*‘optical logic programming” or OLP
for short.

The sad thing is that it's rather too
close to the truth to be funny. I'll bet
that any one of us could go round taik-
ing about OLP for years and never be
challenged; if we were challenged we
could bluff our way clear with a few
well chosen meaningless buzzphrases.

- In fact, a useful moral can be had out

of this. If you don't understand what
someone is talking about, don't be
afraid to say so. The chances are that
they don't understand either and are
only parroting something they heard
from someone who didn't understand
either.
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ARLY in 1969 inventor Ralph

Henry Baer of Sanders Asso-
ciates Inc. registered a patent that
includes the following extract:

“...standard television receivers
can be utilized as active rather
than passive instruments. This is
accomplished by certain embodi-
ments having participants manipu-
late the controls of a control unit
connected to the televisionreceiver
to cause a symbol, such as a rect-
angle, bar, ‘dot’ or a pair of dots
to be displayed upon the TV screen
by means of which the participants
can play a variety of games . ..”

This historic patent entitled
“Television Games and Training,
Apparatus and Method"” introduced
the TV game, a sophisticated toy
that has sold over 30,000,000 world-
wide, and marked the beginning of
a new era in consumer electronics.

TV games filtered into this
country from the USA in the early
seventies and first made their
appearance in pubs and amuse-
ment arcades, and the immediate
popularity of these simple games
(“simple” by today's standards)
prompted several UK manufac-
turers to take up the challenge,
and so the British TV games indus-
try was born.

The first games available on the
UK domestic market used dozens
of expensive TTL i.c.s and, unfor-
tunately, whilst the public were
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prepared to fork out 5p for a game
in their local they weren’t willing,
or able, to spend £50 or more to
obtain a system of their own.

Nevertheless, these early games
enable us to study a subject that
since the introduction of the TV
games chip has been shrouded in
complex technology.

In this first article it is hoped
to impart to the reader an under-
standing of the principles of TV
character generation, the basis of
all TV games, by analysing the
oldest and most well-known TV
game—tennis. Later on we shall
examine a method of updating
earlier versions of TV games by
adding extra circuitry, and in doing
so provide an insight into the inner
workings of the more complicated
games available.

But before we can even begin to
understand TV games a basic
knowledge of TV picture structure
is essential.

TV FUNDAMENTALS

The transmitted v.hf./uh.f. sig-
nal is demodulated inside the tele-
vision receiver to derive the video
signal (Fig. 1) which carries all the
information necessary for the TV
set to reproduce the original pic-
ture.

Line sync pulses are extracted
from the composite video signal
to trigger the receiver line time-

_ TELEVISION
| GAMES

By N.HUNTER

part 1

HOW THE CHARACTERS ARE
GENERATED ON YOUR TV
SCREEN

base oscillator, whilst the lumi-
nance information 1is wused to
modulate the brightness of the
picture. Every time the line time-
base is triggered, the small spot
produced by the picture tube elec-
tron gun assembly is deflected
across the face of the screen, in
approximately 44us, to describe a
horizontal white line of varying
brightness.

After 312!, lines of video in-
formation there occurs a set of
broader pulses known as the field
pulses whose function is to trigger
the field timebase oscillator which
in turn deflects the spot to the
bottom of the screen in approxi-
mately 25ms.

The combined effect of the line
and field timebases is to produce
an illuminated grid of 3121, lines,
but this is only half the picture
(literally) because every other field
is arranged to trigger half a line
later, thereby interlacing two sets
of 3121, lines to compose the whole
frame of 625 lines (raster) in 50ms.
See Fig. 2.

GENERATING A RECTANGLE

If the luminance information
remained at black level for the
duration of the whole frame then
the screen would be blank, but if
on every line at the same point,
relative to the line sync pulse, a
white level pulse was inserted
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then a white vertical line would
be displayed on the screen. See
Fig. 3.

Similarly if only a few lines per
field were completely at white
level then a horizontal white band
would be displayed, and a combina-
tion of both would produce a cross.

The waveforms of Fig. 3 are
easily reproduced by the readily
understandable arrangement of
monostables shown in Fig. 4.

Monostable MS1 is clocked by
the negative transition of every
line sync pulse so that its output
(Q1) goes to logic 1 (approx. +4V
for TrL) for tlxs and triggers MS2
when it returns to logic 0.

The output of MS2 (Q2) when
combined with line and field syncs
is then u.h.f. modulated and dis-
played as a vertical line on a TV

screen: it should be obvious that
the horizontal position of this line
is proportional to the period of
MS], that is the longer the period
of MS1 then the further to the
right of the screen will the line
appear. The same is true for the
monostables MS3 and MS4 except
this time increasing the period of
MS3 will shift the horizontal line
produced downwards.

By logically “or”ing the outputs
of MS2 and MS4 and re-combining
with line and field syncs, the dis-
played result would be a cross.
Now if we were to logically “anp”
Q2 and Q4 then the only output
pulses would be those where Q2
and Q4 are simultaneously at logi-
cal 1 (i.e. at the point of intersec-
tion of the two axis of the cross)
and the displayed rectangle would

look remarkably like a TV games
manufacturer’s concept of a tennis
racquet.

MOVING THE RECTANGLE

The next step is to arrange for
the “bat” to move around the
screen by varying the periods of
MS1 and MS3 with ganged variable
resistors of the joy-stick type, or
just up and down by varying t3
with a single potentiometer.

A disadvantage of the mono-
stable circuit is that of non-
linearity, that is, constant rotation
of the potentiometer does not pro-
duce a corresponding change in
period over its entire range. This
manifests itself as a gradual
speeding up of the bat as it moves

LUMINANCE
INFORMATION

------------------------- WHITE LEVEL

——

BLACK LEVEL

ONE LINE OF COMPOSITE
VIDEO SIGNAL

VFIELD

| sync
| DATUM

Fig. 2. The interlacing of alternate (odd and even)

m—._,‘ DD FIELD
/

FLYBACK OF LINE
OSCILLATOR.THE CRT.
IS BLANKED DURING
THIS PERKOO

: fields.
FIELDS
UNE 308 309 n n Nz n 3 ns 316 mn g n 320
No. [T~
] PULSES
SIFSESCO SNGpPULSEs Fig. 1. The video signal, which
is derived from the broadcast
i signal by conventional de-
modulation techniques within
— the television receiver.
FIELDS
LINE 621 622 623 s24 825 I 1 2 3 4 S L] ? []
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Fig. 3. TV waveforms of simple displays.
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Fig. 4. Monstable circuitry needed to generate a “bat"

Fig. 6 illustrates the displayed
graphics of a typical tennis game.
It is interesting to note that early
games systems provided an over-
lay mask with the sidelines and a
net marked on, but in modern
games these are electronically
generated in a similar way to the
bat, as is the ball. The position
of the net and sidelines is pre-
adjusted by trimmer poten-
tiometers.

MOVING THE BALL

For a moment let’s look at the
voltage output of a potentiometer
used to move a character horizon-
tally across the screen. As the
rotation of the potentiometer in-
creases so does its wiper voltage
and Fig. 7 shows the low frequency
(relative to line rate) ramp pro-
duced, whose period is the time
taken to move the characters from
one side of the screen to the other.
Moving the character back to its
original position causes the ramp
to slope in the opposite direction.

The main difference between
the ball and the bat circuitry is

across the screen when the poten-
tiometer is rotated at a constant
speed.

This problem can be overcome
by using the method favoured by
the ‘authors of early constructional
articles, that is, the analogue com-
parator (Fig. 5) instead of the
monostable. 4

A d.c. voltage applied across the
control potentiometer provides a
varying voltage on the wiper SUrkes
according to the potentiometer’s I_J
position, and a line sync triggered
ramp generator produces a

5 IL

INTROL
POTENTIOMETER

I I BALL SIDELINES

LINE Fig. 5. Analogue comparator.

8ar.

L Ty

Fig. 6. Tennis graphics.

gradually increasing reference vol- we U | l U ]_

tage in a 44us period.

Applying both to the inputs of POTENTIMETE
a high gain operational amplifier RAMP GEN OUTPUT
causes the op-amp to change state
when the reference voltage just CoMPARATOR _I |
exceeds the wiper voltage; there- et

OUTPUTe = =F === = === S E == == = = S e e

sl

fore the larger the wiper voltage
the longer the op-amp takes to

DIFFERENTIATEQ
QUTPUT
OF Ci

ok

change its output condition, there-
by producing an output pulse of
period linearly proportional to the
position of the potentiometer.
The need for the second mono-
stable can be overcome by differen-
tiating the op-amp output voltage,
but, because the trailing edge does
not produce a clean transition on
screen from black to white this

only works for short duration Fig. 7. Waveform from control potentiometer in moving character across the screen.

pulses.

Everyday Electronics, August 1978

609



that the position of the ball is con-
trolled not by a potentiometer but
by two ramp generators (horizontal
and vertical) such that a combina-
tion of the two makes the ball
travel diagonally.

Logically anping the outputs of
ball and bat circuitry indicates
“contact”, and this is used to
change the slope of the ball’s hori-
zontal ramp generator, and hence
the direction of movement of the
ball itself.

Similarly anping the ball and
sideline circuitry can deflect the
ball away from the sidelines by
changing the slope of the ball’s
vertical ramp generator. Fig. 8
shows the state of the ramp
generators in a typical situation.

All that is left to say about the
tennis game is scoring. This is
achieved simply by anping the
outputs of the ball and the left
and right hand sidelines, any con-
tact must indicate that a player
has missed the ball so that his
opponent gains a point.

MORE COMPLEX SYSTEMS

Realising that most people be-
come quickly bored with the simple
tennis game, designers came up
with soccer, squash and then a
slight departure from the norm,
rifle games—the latter using a
“rifle” with a photocell that regis-
ters “hits”.

Although technical publications
abounded with constructional
articles and pub-goers were pre-
sented with an alternative to darts,
TV games never caught on in this
country, presumably because of
the large outlay required.

VERTICAL
RAMP

RIGHT

HORIZONTAL,
RAMP

LEFT

CHANQOE SLOPE OF
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OEN
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T FIELD g
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RAMP  [OUTRYT
oEN COMPARATOR
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FROM BAT"
CIRCUIT

[ S—
SYNC

Fig. 8. Waveforms produced by vertical and horizontal ramp
generators in moving the “ball” across the screen. Also
schematic of circuitry to deflect ball away from boundarles.

CHANGE SLOPE OF
HORIZONTAL
RAMP GENERATOR

The revolution came in 1976
when the Scottish plant of General
Instruments Microelectronics Ltd.
produced the world’s first TV
games system on a chip, the AY-3-
8500. This i.c. device provides six
selectable games: tennis, soccer,
squash, practice and two rifle
games. The introduction of this
1.s.i. chip dramatically reduced the
price of a games system bringing
it within reach of most people’s
pockets, and so far G.I. have world-
wide sales exceeding 15,000,000.

DETAILED-CHARACTER
GENERATION

All the games mentioned so far
have one thing in common, that is,

[WHEN YOU'VE CONSTRUCTED THE POWER
SLAVE, THERE’S SOMETHING
CAN TURN YOUR TALENTS To.

U REALL
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the players and ball are repre-
sented on screen as rectangles, as
this is by far and large the easiest
shape to generate. The motorcycle
stunt game featured in the May
edition of Everypay ELEcTRoONICS
is an example of how the simple
rectangle has been superseded by
by a more complicated character—
in this case a representation of a
motor-bike.

In next month’s article we shall
explain in more detail the circuit
techniques used to produce these
characters and demonstrate a way
of updating and enhancing the
graphics of earlier systems.

To be continued

BY DOUG BAKER

HELPING THE 8
DOMESTIC
SLAVE. ,.m =
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I YIELD to no one in my desire to be
with it, provided | am convinced that
the latest invention is better than the
article it replaced. | went overboard for
microgroove records when they came out
and also for stereo and | could never
understand why they took so long to
catch on generally, but now my friends
tell meit's all *old hat" and quadraphonics
is the thing.

On this however | am prepared to make
a stand. | point out that | am hampered by
only having two ears. They then look at
me disbelievingly, as much to say they
think it unlikely that anyone who is weird
enough to reject the latest gimmickry can
possibly only have one pair of earholes!

The more patient ones explain that in a
real concert hall the sound is reflected
off the back wall, hence the need for four
speakers. My reply to this is that it is

also reflected off the floor and the ceiling
and taken to its logical conclusion, every
inch of my room, walls, floor and ceilings
would be covered in speakers! | wonder
if this idea of quadraphonics was thought
up by the loudspeaker manufacturers?

Coming more on to my home ground,
while still talking of new trends, | phoned
a colleague of mine the other day for some
transistors. '‘Oh nobody uses them now,
microprocessors is the name of the game
to-day”. | told him that | am very sorry,
but | do not believe it.

And now microprocessors

“Microprocessors,” | told him, “is a
very specialised section of electronics
dealing with computers; the majority of
constructors get their enjoyment from

experimenting with discrete components
and this is why this magazine is so
popular”.

Flotsam and Jetsam

In the course of business we often buy
quantities of miscellaneous goods in the
hope, that among all the flotsam and
jetsam of some abandoned electronic
project, we shall find enough standard
items to sell and recover our outlay.

In most cases we are left with a great
many articles that are just not quite
standard: old sockets, transformers with
odd ratios, meters with odd scales and
we then have the amusing task of trying
to work out how to alter them to make
them saleable. | am sure many of you
have a lot of fun buying surplus items,
and use a great deal of ingenuity trying
to make them useable. If you do not, then
you should try it. Apartfrom the enjoyment
it could also prove to be profitable.

Having forgotten about such vexing
objects as microprocessors, | was just
beginning to cheer up and take a more
optimistic view of things generally when
| suddenly picked up a little book entitled
“A Guide to the Language of Micro-
computers'’. Curiosity forced me to open
it and | wish now | had not. Let me tell
you some of the words they use: Glitch,
Floppy Disk, Baud Rate, Algol, Axia,
Fortran, Tristrates, Lifo, Byte, Usart,
Ram and Rom. Ohl! dear, will our hobby
really come eventually to this? If it does,
as the immortal Sam Goldwyn used to
say “Include me out"!

A 00 OO e

ACROSS
1 A mechanical seal.
4 Stripped down to this

basic form. 2 Acoustical instrument
7 Re-amplify to obtain again. used as a warning.
9 Arachnida used as a 3 Leafy refreshment.
spanner. 4 Pertinent to sound.
11 A supplier of positively 5 A route for feedback
charged nuclei, in general. purposes.
(3,6) 6 A capacity for ganging up
13 Capacitor from the pottery on a bicycle.
kiln? 8 She is renowned.
15 Royal dog. 10 The secondary property
17 Appliances providing of some cells.
personal sound. 12 A wave, on reflection.
20 Re-organise itself to begin 14 In addition.
with for message 16 A mechanical device for
understood. (Anag.) modifying speed.
21 To do this is akin to 18 An example of Italian
suppression. inclinations in
23 A type of fuse resistant to architecture.
guick blowing. 19 You don’t have to have a
26 Brown, brown and black. head for this means of
28 Almost a step up from a rubbing out.
triode to give a set of four, 22 To be this, a variable
30 Some leads may be this at device is fixed previously.
a distance. 24 Toned to a musical pitch

31 In the past.

to this unwelcome habit
on application of a large
voltage. (3,8)

for a past memo. (Anag.)
25 Means of communication,
DOWN we hear.
1 The breakdown of 27 Leyden is a place, in part,
insulating property in of idyllic surroundings.
rarefied media may lead 29 Small label.
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SPLIT SECOND TIMING By R. W. Coles & B. Cullen

HRONOSTOP is a very functional,

high technology project which
displays time intervals of up to
one hour, and measures to a preci-
sion of one hundredth of a second
using a six digit display. ldeal for
sporting events such as swimming,
athletics and motor racing, the cir-
cuit features spLIT and TAYLOR lap
timing modes in addition to nor-
mal START/STOP operation.

But Chronostop is not limited to
sports timing; with the versatility
available in this low cost design
the benefits of accurate timing can
now be extended into many other
areas such as the photographic
darkroom or the chemistry and
physics lahoratories. The authors

Left. Show-jumping at Hickstead. Fritz Ligges
on Genius in the 1977 European Championship.

Top. John Watson driving a Brabham-Alta
BT45 in the Swedish Grand Prix 1977.

Right. Men's breastroke final at the 1976 Olympic
games,
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have even found it useful on the
electronics work bench for calcu-
lating the value of large electro-
lytic capacitors from their time
constants, checking the operation
of simple 555 timers and a host of
other timing jobs which used to be
neglected. Good timekeeping can
now be enjoyed by anyone, because
while nobody in their right mind
would consider the construction of
a traditional clockwork stopwatch
on the kitchen table, even a com-
parative beginner in electronics
can tackle the construction of
Chronostop, thanks to the marvels
of modern electronics and the
availability of Large Scale Inte-
grated Circuits (Ls1)!

INTEGRATED CIRCUIT

The design is based on a 24 pin
stopwatch chip made by Intersil
and coded ICM 7205. The chip uses
cmos technology to ensure the
lowest possible power drain, and
contains all the necessary oscilla-
tor, counter, display driver and

he

ON/JOFF

»

SPLIT é
*rmu.o,%

mimnutes

control logic circuitry needed for a
full-function stopwatch. All that’s
needed in addition to the ICM 7205
is a crystal, six seven-segment l.e.d.
display digits, some simple switches
and a few capacitors. Power is
provided by a 4-5 volt torch bat-
tery which gives a very long active
life, and all circuitry, including the
display, is mounted on a single
piece of 0-1 inch matrix Vero-
board approximately 63mm square.

CIRCUIT ACTION

The overall circuit diagram for
Chronostop is shown in Fig. 1, and
as you can see, there isn't a lot to
it. The ICM 7205 contains all the
“clever-bits”, and to get a feel
for the circuit operation it is better
to study Fig. 2 where the chip
boundary has been ignored to pro-
duce an overall block diagram for
the system.

Inside the 24 pin plastic package
of the ICM 7205 there is a tiny
chip of silicon about 2-5Smm square
which contains all the necessary

DISPLAY
UNLOCK
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active components to form a com-
plete stopwatch circuit. In the
centre of the silicon chip are the
many hundreds of mos transistors
which make up the binary divider
circuits and the control logic, and
around the periphery are other
transistors, much larger in area,
which act as high current display
drivers.

OSCILLATOR

The chip also contains an oscilla-
tor circuit and this is accurately
tuned to a frequency of 3-2768
megahertz with the aid of an ex-
ternal quartz crystal XL1 which
acts in a similar way to a high-Q
LC tuned circuit. Because low cost
crystals have a finite accuracy
limitation, Chronostop includes an
extra trimming capacitor C1 which
allows fine adjustment of the oscil-
lator frequency for maximum
accuracy.

The 3-2768 megahertz frequency
is divided down within the chip by
a chain of 15 binary (=+-2) flip-flops
to produce a frequency of 100
hertz to drive the display counters.

The display counters themselves
also use binary flip-flops, but in this
case they are connected up in
groups of three or four for each
digit. with special resetting logic
provided for each group to pro-
duce the correct decimal counts of
0to 50r 0 to9. The output of each
digit counter is still in binary form,
or more correctly, binary—coded—
decimal (BCD), and this has to be
converted into a quite different
code which will switch on the
appropriate segments of the dis-
play.

MULTIPLEXING

Code conversions of this kind
are easily handled by the ICM 7205
using a technique known as ‘“table-
look-up”. For each of the ten pos-
sible four-bit digit counts (0 to 9),
there is a seven-bit entry in an on-
chip read-only-memory table, and
the outputs from this table form
the on/off drive signals to control
the seven l.e.d. segments for each
digit. There is no need for a
separate look-up-table for each of
the six digits in the display be-
cause the chip uses a technique
known as‘‘multiplexing’ to drive it.
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In a multiplexed display scheme
only one digit is actually on at any
one time, the appropriate digit
being selected by means of the
“digit drive” lines which are acti-
vated in sequence at a rate of
about 1 kilohertz. The high multi-
plexing frequency makes the strob-
ing effect invisible to the human

eye, and the ICM 7205 contains
circuitry to gate the correct digit
count to the look-up-table and from
there to the seven ‘‘segment
drivers” in step with the digit drive
signals. This approach not only
saves internal circuitry but also
eliminates the many interconnec-
tions between the logic and the dis-

plays which would be necessary if
digits were individually driven.
The display itself is made up of
two, four digit, dual-in-line l.e.d.
units X1 and X2 made by Hewlett
Packard. Each unit is wired inter-
nally for multiplexed operation,
and each segment of each digit is
made up of a semiconductor light
emitting diode junction which pro-

3-2768MHZ 100HZ 3 5
duces monochromatic red light
when energised. Only two digits

CRYSTAL » DIVIDER COUNTERS of the left hand display package
OSCILLATOR
are needed, hence the unconnected
= drive pins, 1 and 10 on X2. The cur-
‘b’ rent limiting resistors normally
N [—-nA\ needed in le.d. drive circuits are
MULTIPLEXER  §°SS0N  DiGIT DRIVES not needed in the Chronostop cir-
4 cuit because the driver circuits in
CONTROL CONTROL = the ICM 7205 are self limiting.
SWITCHES LOGIC
Fig. 1. (Below). Complete circuit diagram of
KooK R the Chronostop.
= Fig. 2. (Left). Simplified block diagram of
[l = the *“chip”, all of which is on a piece of
silicon 2-5mm square!
Sggx%gT DISPLAY
1
1 1 10 S 3 7 12 11 0 8 7
X2 X1
7 SEGMENT
% oA 2-rti, DISPLAYS
[ == R = B = 1] 2 s sl s
—1 o (T

: s2
START/ — DISPLAY
STOP UNLOCK
P N
/wl S‘EOO DS
1
10 x MINUTES o0 ¥ SECOND?
MINGTES
X x SECONDS
SECONDS
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Finally, the ICM 7205 contains
gating logic and storage registers
so that a “frozen” display can be
viewed while the counters con-
tinue to run, and other circuitry
to blank any leading zeros which
would clutter the display on low
counts.

LS

The ICM 7205, the seven seg-
ment displays, the crystal and the
trimmer capacitor are all mounted
on a piece of 0-1 inch matrix strip-
board as shown in Fig. 3. After
being cut to size, the board should
be cleaned and the cut edges in-
spected for possible shorts. The
track cuts shown should be made
with the aid of a spot-face cutter
or a 4mm drill, and then carefully
inspected to ensure their effective-
ness.

The ICM 7205 and the other
components can be soldered to the
board with the aid of a fine-tipped
soldering iron and multicore

solder. It is of course most im-
portant to orientate the three dual-
in-line packages correctly before
soldering them in, and care should
also be taken not to keep the iron
in contact with the joints for more
than five or six seconds at a time.

Everyday Electronics, August 1978

Capacitors

C2 0-01uF ceramic
C3 22uF 6V tantalum

Semiconductors
IC1 ICM 7205 I.s.i. stopwatch i.c.

Switches
S$1,2,3,

Miscellaneous

XL1 3-2768MHz quartz crystal

positioning and connector.

COMPONENTS “$3xTc

C1 8to40pF variable compression trimmer

X1,2 HP 5082-7414 four digit seven-segment display 12 pin d.il. (2 off)

single-pole on/off miniature toggle (3 off)
S3,4 single-pole push-to-make, release to break push button type (2 off)

B1 4-5volt flat torch battery type Every Ready 1289

Stripboard: 0-1 inch matrix size 25 strips x 24 holes; plastic case
approximate internal dimensions 126 x 66 x 32mm; filter material or
coioured Perspex size 50 x 20 x 1 mm; self-adhesive card-guide
(Doram) 60mm long; 18 s.w.g. aluminium for bracket; impact adhesive;
single-core and multistrand p.v.c. covered connecting wire, preferably
different colours; 8BA nuts, bolts and washers (4 off each), 8BA
solder tags (2 off); 3mm thick Perspex or similar material for battery

page 595

If a good joint seems to need
longer than this, it is likely that
the board has not been properly
cleaned or that the soldering iron
is faulty. In the prototype, Solder-
con pins were used to hold the dis-
play packages, but IC1 soldered
directly to the board.

The ICM 7205 is a cmos device,
and you may be wondering why
we have not urged the usual anti-
static measures normally required
with other mos chips in order to
avoid gate-oxide breakdown. The
data sheet on the ICM 7205 states
quite categorically that no special
precautions are necessary because
the chip is fully protected, but you

may feel safer to treat it like any
other mos device if you are a scep-
tic!' We did not take any pre-
cautions and our chip suffered no
damage. Some constructors may
wish to use a 24 pin i.c. socket.

Wiring up is carried out in
accordance with Fig. 3 using p.v.c.
insulated single core wire, and it is
always a good idea to check off
each connection as it is made on
both the layout diagram and the
circuit diagram (Fig. 1). This pro-
cedure acts as a double check on
your own work.

When the circuit board is fully
wired, it should be laid aside while
the case construction is completed.

ALL DIMENSIONS IN m.m.

A-7-5
B-65

Fig. 4. Drilling details required for the front panel. Sizes for holes
marked A and B depend on the components used.

Photo of the completed unit.
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Detailed photograph of the board, showing positions of the major

components. Compare this with Fig. 3.
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TERMINALS FOR BATTERY SPRING CONTACTS.
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Fig. 7. How the battery is positioned in the
case,

Fig. 3. Stripboard layout. The only breaks
to be made are those under the i.c. dis-
plays and C1. Different coloured wires
should be used to prevent any errors in
wiring.
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Fig. 5. Front panel wiring i i
details, required for the
Chronostop. Itis advisable s : : N2
to use different coloured e | 1 Q5
connecting leads when s2/ T \ § { s¢
wiring to the board. 2198 | | 0
- : | _
K25 : | S M
i I d
i Y
I o,
-
zr_
CASE ALUMINIUM BRACKET 10x15x60mm
The prototype unit was built BENT AT RIGHT ANGLES.
using a moulded polycarbonate 10
box with a metal front panel with ; ,
internal dimensions 126 X 66 X Fig. 6. Constructional d S e -
32mm obtained from a local elec- e W ::SSnti:g; ADHESIVE
tronics retailer. Many firms adver- bracket. This is fixed to Cue ™ 15
tise boxes of the same or a similar the case using a strong 60mm LONG
type, and provided they are large contact adhesive. —
enough to house all the com- S e o
ponents, most boxes will be suit- TRIMMED Smm FROM GUIDE 1
able even if they are of all-plastic
. cct &
construction. BGARD
Details of the front panel drill- P
ing are shown in Fig. 4, and FRONT PANEL
Fig. 5 shows the way all the com- ity either solid or flexible wire BATTERY
onents, includ th !
p ’ cluding e drcull  a)though it would certainly be )
board, are mounted on this panel better to use flexible wire for the Thet=5 ypityflattorch batterysis
to make a compact, solid, battery connections. A piece of red 2% economical power source for
assembly. : the Chronostop, and it is mounted

A mounting bracket (Fig. 6) to
support the component board, is
made up from aluminium and a
“self-adhesive-card-guide” section.
The card guide holds the board
quite securely and yet allows
simple removal should this ever be
necessary. The bracket is secured
to the front panel with contact
adhesive to remove the necessity
for unsightly nuts and bolts.

The switches used on the proto-
type were general miniature toggle
and push-button types available
from many sources, and one of the
advantages of the ICM 7205 is the
fact that only simple switches are
needed to correctly implement the
various functions. This means of
course that almost any other
switches with the correct electrical
format can be put into service if
necessary.

Wiring up the switches and the
circuit board can be carried out

Everyday Electronics, August 1978

filter material, e.g. coloured Pers-
pex, should be affixed to the inside
of the front panel display cut out
before final assembly. This gives a
neat appearance and produces a
high contrast, easy to read display.

in the body of the case supported
by two Perspex strips fastened to
the rear of the box with 8BA nuts
bolts and washers. The two left-
hand bolts are slightly oversized.
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RESE CLOCK AND  LAP1 OISPLAY STOPS LAP2 DISPLAY STOPS CLOCK AND
(C) DIsPLAY CLOCK CLOCK DISPLAY
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COUNTING COUNTING
DISPLAY
START/STOP START/STOP START/STOP UNLOCK
1x 1x 1x x
20-47s 12-35s 42-79s

LAP 3 DISPLAY STOPS RESET
CLOCK
CONTINUES
COUNTING
START/STOP RESET
1x 1x

—

-

Fig. 8a. Sequential timing diagram when in the START/STOP mode; (b) TAYLOR mode, (c) SPLIT mode.

(length-wise), and have solder tags
mounted under their nuts so that
they may be used as battery con-
tacts as shown in Fig. 7.

The front panel of the prototype
was sprayed with three coats of
automotive cellulose paint to pro-
vide a good colour background.
Letraset lettering was applied to
label the display. and the controls,
and finally a coat of clear polyure-
thane was used to achieve an
attractive and durable finish.

USING CHRONOSTOP

When the unit is switched on, it
automatically enters the RESET
state which is indicated by a dis-
play of 00 on the two right
hand digits. For simple single
event timing, only the sTarRT/sToP
and RESET buttons need to be used
as shown in Fig. 8(a). The position
of the SPLIT/TAYLOR and DISPLAY-
UNLocK switches do not affect the
operation of the circuit and may
be left in either position for this
function.

When TAYLOR mode is selected
multiple events (or laps) can be
timed individually without pause
by appropriate use of the sTarT/
sToP button, see Fig. 8(b). At the
end of the first lap, depressing the
START/sTOP button sets the in-
ternal counters momentarily to
zero but they continue to count
(from zero) the second lap time.
After the first stop depression the
display freezes the first lap dura-
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tion while the internal counters
run on. On the second sTop de-
pression the display jumps to a
new frozen display which rep-
resents the time period of the
second lap and so on.

To obtain a running display
during second or subsequent laps,
the pIsPLAY UNLOCK switch can be
used. The whole operation can be
terminated with the RESET switch
at any time.

The spLIT mode differs from the
TAYLOR mode in that lap times are
cumulative, see Fig. 8(c). Depress-
ing the stoP button after the first
lap causes the display to freeze
the time duration of the first lap
as before, but subsequent de-
pressions result in a frozen display
of the sum of the preceding lap
times. DISPLAY UNLOCK can be
selected as before to give a run-
ning count if required, and RESET
can be used at any time to ter-
minate the sequence ready for a
new run. e

A toggle switch is used for the
DISPLAY UNLOCK position, so that a
running display can be held as
long as necessary for ‘“hands-
tree” operation. For shorter
events, this facility might benefit
from a push-button type of switch
so that a quick look at the running
time can be had without jeopardis-
ing the “freeze” facility at the end
of a lap. Such a switch can be
substituted directly if required.

LOW BATTERY INDICATION

As an added facility, the ICM
7205 has a “low-battery” output
which can drive an l.e.d. lamp on
when the battery voltage gets
dangerously low. In Chronostop
this output is connected to the
decimal point input pin on the left
hand display package, so that all
four decimal points will come on
when the battery voltage drops
too low. Up to an hour of use can
still be expected when this warn-
ing becomes active. D= g




NEXT NMON

ELECTRONIC
AVOVIETER

Five valuable prizes to be won in our free-entry
competition. Full details and entry form in next
month's issue.

An add-on unit for the pop guitarist that will bring your )
guitar to life, producing a clean brilliant sound. Add
"bite" to your performance with this easy to construct
Has your car battery ever let you down? Guard against this
eventuality by incorporating this dashboard unit in your
ol car and know at a glance the state of your battery, and if it

is holding its charge.

effects box.

GENERATOR

A useful addition to the beginners workshop s an r.1
signal generator. Covering from 150kHz to 30MHz, in 6
ranges. Alignment is simple due to the use of ready made
coils.

SOUND/LIGHT UNIT

Give your music that psychedelic feeling with our one-
channel sound to light converter. Modulates a light accord-
ing to the amplitude of the music.

Iﬁ.ﬁ ﬂ@’n I(S ===
ISSUE ON SALE
FRIDAY, AUGUST 18
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Everyday News

PROGRAMMABLE COLOUR TV

Recently unveiled at the National Panasonic trade show was
a unique television. The manufacturers, Matsushita Electric,
claim this is the first programmable television receiver to be
introduced commercially anywhere in the world.

Using a push-button infra-red remote control, the viewer
can programme the TV with up to 20 separate instructions.
As the programmes are entered, the day and date, on and off
times, and channel numbers are entered into the TV memory.

Come the day and time of each programme, the TV will
switch itself on automatically and tune to the appropriate
channel. A convenient way of ensuring that you don’t miss

your favourite programme,

Major features of the new TV:

Information about a programme can be stored for up to a

year ahead.

Precision time is ensured by using a highly accurate

quartz clock.

Up to 20 different programmes can be stored.
Mains power is automatically switched off one hour after

the end of the programme,

Automatic tuning—the TV automatically finds the strongest

station signal on each channel.

Has a 22-inch screen, and a powerful eight watts audio

output.

At present no price is available. It is expected to be in the

shops in Britain early in 1979.
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School Science

The roving exhibition for
schools entitled “School
Science and Everyday Life”
has just been updated by
Project-Engineers and Tech-
nologists for Tomorrow
(PETT) at Southampton
University,

The exhibition consists of
10 working models, designed
to give visitors an insight
into ways in which simple
science has been applied to
solve domestic, industrial
and medical problems. Each
solution is based on a topic
which the average school-
leaver can expect to have
met in his school science
course,

Models range from monitor-
ing movement of a crack
in a concrete beam to con-
veying electric pulses to the
heart, from transmission of
telephone messages by
means of light rays to auto-
matic switching of an oxygen
supply to a patient.

School Science and Every-
day Life is available to
schools and education centres
on free loan.

e 4 @

With the advent of com.
mercial fibre-optic telecom-
munications now imminent,
Hewlett-Packard have de-
veloped a semnsor for
measuring light power.
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COMPUTER STEEL

British Steel Corporation
is using a powerful com-
puter system to obtain the
best price/mix of scrap and
alloys for making stainless
steel at Tinsley Park, Shef-
field and Panteg in S. Wales.

The system has been de-
veloped by Scicon Computer
Services and uses terminals
at each plant linked by land-
line to a powerful scientific
computer complex using Uni-
vac 1108 computers at Scicon
HQ at Milton Keynes.

e e o

All the official calcula-
tions for places and timing
of each stage in the mara-
thon round-Britain cycling
Milk Race were made on a
Texas Instruments SR60A
personal computer.

Adyvisory Service

An advisory service for
mechanical engineering com-
panies who have no in-house
experience of electronic solu-
tions to mechanical engineer-
ing problems has been set up
by Gould Instruments Divi-
sion (until recently better
known as Gould Advance).

Simple electronic modules,
say Gould, can often replace
expensive mechanical preci-
sion assemblies, cutting costs
and improving profitability.

‘THE ROYAL SOCIETY

As modern technology
makes the idea of a machine
with human-like abilities a

reality, improvements in
social standards make it
imperative that dirty,

dangerous or tedious jobs
are in the future undertaken
by robots. Thus of particular
significance  amongst the
scientific  exhibits at the
Royal Society’s annual Con-
versazione last May, was a
demonstration of research
work into robots carried out
at the University of Warwick.

The work at Warwick in-
cludes a tracked vehicle with
an on-board computer which
uses data from a number of
sensors—touch, sonar, photo-
electric and motor loading—
to assess the environment.
This robot is capable of
carrying out long sequences
of unstacking — transfer —
stacking operations in a
crowded environment. Some
smaller bucket-shaped robots
designed to demonstrate the
ability of small microproces-
sor-based robots were also
demonstrated.

Another exhibit illustrating
the versatility of electronics
was related to investigations
into the structure and
dynamics of the Earth’s
magnetosphere. These in-
vestigations have been
greatly facilitated at Sheffield
University by specially

designed equipment.
“Whistlers” and other very
low frequency phenomena
are examined and analysed
by a fast Fourier transform
instrument. Output from the
analyser is in digital form
suitable for computer pro-
cessing.

TAILOR MADE

Among new developments
shown to selected customers
recently by Racal-Redac was
a system for eliminating
waste of material in complex
patterns cut from sheet
material (cloth/ metal/ plas-
tics) and another for design-
ing mechanical engineering
parts.

In both cases the designer
can modify his designs at
will through his graphics
terminal using a light-pen
held against the CRT display
screen.

#Eoade e

A nationwide mobile radio
system to keep nearly 900
service engineers in imme-
diate contact with their 41
regional depots is being in.
stalled by Hotpoint. Over
50 base stations will blanket
the country and when fully
operational the network is
expected to handle up to
10,000 messages a day.
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. . . from the World of Electronics

==ANALYSIS

OUR MICRO-AGE

| recently saw the assembly and testing of digital mult-
meters. Not toys but professional quality instruments for the
professional engineer. Present production is 100 a day but |
was told that the output could be increased to 140 a day with
no increase in labour.

At the 100 a day production rate, single shift working,
yearly output, allowing for a holiday plant closure is 25,000
units. Quite a lot of instruments. | had therefore thought to
see a modest assembly line, a row of pretty girls each adding a
few components.

Not so! She was pretty enough for my taste but quite alone
and working at anything but a breakneck pace. She could
easily fit in another 40 a day, perhaps might welcome an
increase in pace. What's more she didn't need to know what
she was doing.

She took component No. | from a row of bins and a spot of
light on the bare printed circuit board showed her where to
insert it. Then component No. 2 and the light spot moved to
a new position and so on. By the use of i.c.s. the total compo-
nent count is less than 50 per multimeter. When all the
components have been "stuffed” into the p.c.b. it is put on
one side and the whole day’s production batched through an
automatic flow-soldering machine in one operation.

With over 20 different voltage, current and resistance
ranges to be checked and calibrated to an accuracy on some
ranges as tight as 4-0.2 per cent, | imagined | would see a fair
team of test and calibration engineers. Again, not so! Two
youths aided by automatic test equipment doing nearly all
the work for them.

The direct labour force for assembly, test and calibration
of instruments worth some £3million per year was thus, one
female unskilled bench assembler and two semi-skilled
technicians.

This is what modern electronics is all about and why
prices of electronic goods continue to fall relative to other
products. It is common today for an unskilled person to pick
up an i.c. package, insert it on a board in a couple of seconds
and thus wire in hundreds, even thousands of components at
a stroke. Designers are already working on V.L.S.I. (Very
Large Scale Integration) chips with 10,000 or more circuit
elements, and are talking of the million element chip.

Microminiaturisation started a revolution in electronic
technology. The result is a trend to micro-factories, micro-
workforces and even micro-prices (e.g. the £5.00 calculator).
Where will it all stop?

Brian G. Peck

What Price The conversion of
——— th~ee million non-electronic
l“te“lge“ce cash registers in 16 West

Engineers tired of re-
setting signal sources to dif-
ferent frequencies, output
levels, source impedance,
different waveforms, will wel-
come a new programmable
instrument from Hewlett-
Packard. Up to ten complete
instruments settings can be
pre-programmed and then
selected at will by pushing
two buttons.

The only snag is that it
costs £3,691, but not really ex-
pensive by H-P standards.
Yes, it does use a micropro-
cessor to “remember” the
control settings and make it
an “intelligent” instrument.

European countries to all-
electronic models represents
a market of some £2-5 bil-
lion over the next 10 years
according to a market re-
search study by Frost & Sul-
livan.

g A

Ten Ferranti Argus indus-
trial control computers,
worth £1:5 million, have
been ordered by the Soviet
Union for use in a rubber
plant. This brings the num.
ber of Argus computers in-
stalled in or on order for
the Soviet Union to over 40.
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All at sea

The Danish cadet training/
cargo ship Elsinore will have
on board a Redifon Maritime
Radar and Navigation Trainer
for the use of 30 instructors
and 200 cadets. Using the
coastline generator the cadets
will be able to practice “con-
ning” the ship into their
home port, even though thou-
sands of miles away.

Instructors can originate
their own navigation exer-
cises at will, including dan-
gerous manoeuvres. The sys-
tem will form a valuable
class-room aid supplement-
ing the real ship-handling
exercises on deck and bridge.

The Elsinore will help earn
her keep by carrying com-
mercial cargo as well as serv-
ing as a training ship.

BLEEP-BLEEP-BLEEP

Pocket pagers which bleep
when the wearer is needed
are not new. But Pye Busi-
ness Communications is now
installing systems which have
three sorts of bleep for use
in hospitals. A slow bleep
for non-urgent calls, a stan-
dard bleep for fairly urgent
and a special bleep for
cardiac arrest.

Ally-Pally ’78

Alexander Palace was once
again the venue for this
years RGSB Amateur Radio
Exhibition, held on the 5th
and 6th May.

As usual there were plenty
of trade stands dealing in
new and surplus equipment.
Several organisations were
evident, notably AMSAT UK
(amateur satellite communi-
cations) and BATC (British
Amateur Television Group),
two very fast growing areas
of amateur radio.

Films for the beginner
were also shown, giving the
newcomer an insight to the
world of amateur radio.

Business for the trade
appeared to be quite good,
although several comments
were heard concerning the
rather excessive second-hand
prices.

oA

The Post Office cricket-by-
phone service, now extended
to over 125 centres, is ex-
pected to be another big
money-spinner by the end
of the season.

Last year cricket-lovers
made over 22!, million calls
to hear the latest scores.
This year could break all
records.

THE AGE OF VIDEO

The video age has arrived
in the UK with the intro-
duction, this month, of the
Betamax home video system
from Sony. This enables the
TV viewer to record from
the television, even to record

one channel while watching
another.

The machine can also be
pre-set to record for any-
thing up to three days in
advance of a transmission,
and the TV set does not have
to be turned on.
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AUDIO

FREQUENCY

SIGNAL

GENERATOR

By F. G. Rayer

Tﬂxs instrument produces a sig-
nal whose amplitude remains
constant within 1 per cent with a
change of up to 3 volts in the
battery voltage, and for any load,
such as will be provided by an
amplifier or other similar equip-
ment. The output impedance is 1
kilohm.

Changes in amplitude do not
exceed 2 per cent over the three
ranges, which are 17 to 200Hz, 150
to 1500Hz, and 1-5 to 15kHz. The
output was cbserved on an oscillo-
scope, and seen to be an excellent
sinewave throughout.

For this level of performance it
is not possible to adopt the
simplest type of audio oscillator,
but from the circuit in Fig. 1 it will
be seen that few components are
needed, bearing in mind the wide
frequency range and output level
stabilisation.

RANGE SELECTION

Ranges are selected by the 3-
way ganged switch S1. Capacitors
C3 and C6 are for the lower range
with the middle range using C2
and CS and the highest frequency
range obtained with C1 and C4.
There is no obligation to use preci-
sion values here.

Frequency adjustment through
each range is by a ganged linear
potentiometer VRI1, which has cali-
brated scales on the front panel.

OSCILLATOR CIRCUIT

The oscillator is a Wien bridge
type, in which base input to TR1
is determined by the frequency
selective network consisting of
VRla, with Cl, C2 or C3 on the
one hand, and VR1b with C4, C5 or

C6 at the grounded side. As a re-
sult, feedback is only in the cor-
rect phase to produce oscillation
at the frequency wanted. Resistors
R2 and R3 are for base bias of
TR1, through VRI1b.

Transistors TR2 and TR3, with
their associated components, are
for feedback and stabilisation.
Feedback is from TR3 emitter cir-
cuit (at C7) to potentiometer
VRla for the generator circuit,
with coupling to TR1 emitter cir-
cuit via the thermistor RTH1 for
stabilisation of the output. With-
out the thermistor, the level of
audio output varies considerably
with changes in frequency. With
the thermistor, increased audio
levels produce a drop in thermis-
tor resistance value, raising the
degree of feedback. Output across

Fig. 1. The complete circuit diagram of the Audio Frequency Signal Generator.
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VR2 is thus stabilised at 1 volt for
all frequencies.

The amplifier TR2 is of npn
type, but pnp transistors are used
for TR1 and TR3. Operating condi-
tions in each stage are determined
by those in the other stages, and
the transistors type numbers speci-
fied should be adhered to.

CIRCUIT BOARD

The circuit board used in the
prototype was 0-15 inch plain mat-
rix board, approximately 100 X70
mm (27 X18 holes), and all com-
ponents except VR2, S2, SK1 and
R9 are mounted on it, as shown in
Fig. 2. First drill holes for poten-
tiometer VR1 and switch S1. At
the same time it is wise to deter-
mine how the board will be fixed
to the instrument panel. A clear-
ance of about 6mm is necessary
between board and metal panel. In
the generator built by the author,
the bush of the switch was long
enough to allow a nut to secure
the panel. But the potentiometer
bush was too short for this, so
board and panel were drilled for
two 6BA bolts, hidden under the
dial. Fitting is simplified by drill-
ing through both the board and
metal panel at the same time, and
extra nuts or washers will provide
the required spacing.

On the underside of the board,
there are a few places where the
wiring crosses. At these points
some thin insulated connecting
wire, or 22s.w.g. tinned copper
wire with 1mm sleeving, will be

£8:00
excluding cdsq
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HOW IT WORKS

The A.F. Signal Generator
can be considered as an am-
plifier A with frequency selective
positive feedback.

Transients produced in the
amplifier when the generator Is
switched on causes a small out-
put from the amplifier which is
fed to a FILTER. An output at a
specific frequency is passed
from here to the amplifier input
such that the outputis reinforced
causing a larger output signal
at this frequency to pass back
through the feedback loop.

The amplitude of the signal

needed. Soldered joints are close
against the board.

If wished, a piece of card about
the same size as the board could
be put against the metal panel,
though with reasonable care there
will be plenty of clearance to
avoid shorts against the case.

o +ve
ONfOFF
= OU TPUT
Y
FEEDBACK
LooP
| FILTER =
FREQUENCY
@CONTROL
rapidly reaches a maximum

steady level dependent oncircuit
values. The frequency of the
oscillating signal is controlled
by the FREQUENCY CONTROL
which is part of the FILTER.

PANEL

The prototype case front pauel
measures 175X125mm and drill-
ing details for this are shown in
Fig. 3.

Secure the board and other com-
ponents to the front panel and
wire up according to Fig. 2. Output

Resistors

R1 8200 R4 1-5kQ
R2 8200 RS 6-8k2
R3 6-8kQ R6 1:2kQ

All $W carbon + 5%

Potentiometers
VR1
VR2 1k carbon lin.

Capacitors
C1 10nF plastic or ceramic
C2 0-1uF plastic or ceramic
C3 1uF polyester
C4 10nF plastic or ceramic
C5 0-1uF plastic or ceramic
C6 1uF polyester
C7 1000uF 12V elect.

Transistors
TR1 OC45 germanium pnp
TR2 0OC140 germanium npn
TR3 OC72 germanium pnp

Miscellaneous
S 2-pole 3-way rotary switch
S2 s.p.s.t. slide switch
RTH1 Thermistor type R53
SK1  3-5mm Jack socket
B1 9 volt type PP4 or similar

wire; 6BA fixings.

COMPONENTS ST

10kQ2 + 10kQ2 dual ganged carbon lin.

0:15 inch plain matrix board size 27 x 18 holes; battery connectors; knobs
(3 off); case (see text); Perspex for tuning dial and marker; connecting

R7 10002
R8 4700
R9 1k

See

Sho
Tal

page 595
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Fig. 4. Details for constructing the dial from
a piece of Perspex and one half of a brass
spindle coupler.

Fig. 2. The layout of the components on the plain matrix ol
board and inter-connection wiring on the underside of the

board. Top left shows the wiring around the level control

and output socket and on/off switch in relative position on

the front panel.

@) = RANGE 1

Fig. 5. Full size drawing of the scale used

= RANGEZ on'the prototype unit. This may be cut-out

© = RANGE3 or photocopied and then coloured and
glued to the rear face of the Perspex dial Photograph of the component board ready for fitting to
as in author's unit, the front panel.
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from the wiper of VR2 is to a
3-5mm jack socket. A 1 kilohm
resistor (R9) in circuit here avoids
possible virtual shorting of VR2
by low impedance loads when VR2
is set for maximum output.

The case used had internal
dimensions of approximately 150 X
100 X40mm. Alternatives to a
ready-made case can be found in
the use of “Universal chassis”
parts or some kind of household
tin or box. Any 9 volt battery can
be wused, the smaller batteries
being adequate. A PP4 was used
in the prototype.

The tuning dial was made from
a piece of 3mm thick clear Perspex
of 75mm diameter. Half of a brass
spindle coupler was glued over a
suitably sized hole at the centre
of the disc to allow fixing to the
spindle of VRl Another small
piece of Imm thick Perspex was
used in the prototype fixed by 6BA
nuts and bolts and sited imme-
diately above the dial on the front
panel. A line scribed on this pro-
vides a fine reference marker. See
Figs. 3 and 4 for construction
details of these parts.

CALIBRATION AND USE

For many purposes the scale
shown in Fig. 5 can be adopted.
This appears full-size. If an indi-
vidually calibrated scale is wanted,
this can be arrived at in various
ways. Details of these are outlined
below.

Generator
If a calibrated audio generator
can be borrowed. couple its output
Lo

The completed unit removed from its case. The only item not fitted to

the front panel is the battery.

and the output of the AF. Signal
Generator into an audio amplifier
via two 47 kilohm resistors, or
into separate amplifiers. Set the
calibrated generator to various
frequencies, and adjust the unit
until the note is heard to be the
same, and mark its dial. Repeat
for as many different frequencies
as required.

Oscilloscope

This is excellent for the lower
frequencies, with S0Hz input to
one set of plates, and the A.F. Sig-
nal Generator output to the other
set of plates. The scope time base
is not in use.

The 50Hz may be available from

175
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Fig. 3. Drilling details for the front panel of the case as used in
the prototype. Note the smali Perspex marker bolted in place on

the panel.
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a scope calibration terminal, or
can be from a low voltage mains
transformer. Lissajou’s figures are
then produced.

The number of loops on these
figures will indicate the ratio be-
tween the fixed frequency (50Hz)
and generator frequency. Adjust
the generator to produce a circle
or oval, and mark the scale 50Hz.
Readjust until a figure 8 is seen
(this will be on its side, with the
generator input to the usual scope
input socket) and then mark the
scale 100Hz (because there are
two loops horizontally, for each
vertical scan giving a 2:1 ratio).
Proceed in the same way, three
loops being 3:1, or 150Hz, four
loops 4:1, or 200Hz, and so on.
Eventually the loops are too
numerous tocount,and a reference
frequency higher than 50Hz is
needed.

The user of a scope will be
familiar with the method, or will
find details of this technique in the
instrument operating instructions.

Musical Frequencies

It is necessary to have a tuned
instrument, a list of standard pitch
and concert frequencies (available
in musical reference books) and a
musician friend who can say when
the generator tone agrees with a
selection of notes.

Octaves are a doubling of fre-
quency—as example, if Middle C
is 256Hz, the C below this is 128Hz,
the C above is 512Hz, and so on.
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A F GENERATOR: &

FREOUENCY

Graph

For any individually calibrated
scale a graph is very helpful. Set
off frequencies against 360 de-
grees. Just a few plotted points
will then allow the whole scale to
be calibrated. Use an ordinary 180
degree protractor for this, or a
360 degree protractor if available.
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HOBBY WRAP
Mogel BW 630

For .025" {0 63mm) $q.
post “MODIFIED' wrap,
positive indexing, anti-
overwrapping device.

WIRE-WRAPPING TOOL

\BNnnery Al ForawG 30 [ew-630 |
erra::plnq \ B[ For AWG 26.28] Bw. 2628 |
Too
Complete C/| Bt for AWG 30[BT-30
with Bit 81t for AWG
and Sleeve. D/ 26-28 8T.2628
A£24 77 B£29. 61

DIP/IC EXTRACTOR DIP/IC INSERTION
TOOL h TOOL WITH PIN
The EX-1 Extractor is
idealty sultea for ht’:!’:by STRAIGHTENER
;nxr:uuasl or lu: englnoier.

Ll rin: 1] ce s, n
fteel Condtruction It il £258

extract all LSI, MSI ana
551 dovlces of Trom 8 to

i [sien]
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IN USE

The generator can be used when-
ever an adjustable audio fre-
quency is required. Its main utility
is in testing audio amplifiers. Do
not expect the full frequency
range to be audible with an inex-
pensive amplifier-speaker system!
Instead, the signal will fade away

AT I

) TV

3in ¥ WIRE DISPENSER
New wire dispenser cuts
and strips three different
colours of wire. Quick and
easy to use pocket siz;i

Wire Size: 30 AWG.
S0 ft. Red, Biue, White
Kynar msulaled

and probably cease to be heard
at all at very high and very low
frequencies (a scope would show
the signal still produced, at ex-
pected amplitude from the genera-
tor).

The generator is also useful for
sinewave inputs to check an ampli-
fier output without distortion, for
the adjustment or setting of tone
selective circuits, and for similar
purposes. g

Crossword No. 6—Solution

OK PLIERS AND
CUTTERS

UNIVERSAL CUTTER
Cuts everything. Leather,
wire, plastic, tin-plate,
caraboard. Stainless steel
blages.

Just one of the range of
high quality pliers, cutters,
tweezers and screwdrlvers,

WIRE-WRAPPING KIT
Contains: Hobby Wrap
Tool WSU-30 M, Wire
Dispenser WD-30-8 52
14 DiP's, (2) 16 Dl"
Hobby Boarg H-PCB. 1,
DIP/IC insertion Tool
INS-1416 and DIP/IC
Extractor Yool EX-1.

Wire-Wrapping WK 48
Kit e,

£17.82

. Solv. prob. attachment
proplem

. Slmpllfy Dvolo pe and
production testing, fieia
service work, and quality
control.

IC TEST CI.IPS£2.77

FOR DUAL-IN-LINE

PACKAGES

® Provide full access to
Integrated clrcult DIP
leads.

® Remove DIP's damage
free.

® Available in sizes to
accommodate all DIP's;
T‘C-ld fits 14-pin DiP*s
etc,

pitie 'fﬁﬂl 8 T

FROM 75p
TERMINAL AND
DISTRIBUTION STRIPS
Bread boaraing building
blocks with universal
matrices of sotgeriess
plug-in tlepolnts.
® Facllitate quick

solgeriess clrcuh bulld-up

#ng check-out o

universal 1" x .l matrix.

@ Are offered in ten
configurations.

with leads up to .032*"
diameter,

® Includes integral non-

backing.
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® Accept all components
® Require no special patch
coras.

shorting instant mounting

o

quM

DIP SOCKET
Oual-in-line package, 3
level wire-wrapping,
phosphor bronze conlacl.
old plated Dlns 025
? .63mm) 5q 00
54mm cenira spacing.

14 Pin DIp
Socket

16 Pin Dip
14p Socket 16 Dip

14 Dip

HOBBY WRAP TOOL
Wire-wrapping, nrlnulng

RIBBON CABLE ASSEMBLY
With 14 Pin Dip Plug 2" Long TDE 14-2]

£2.40

e gale 1ol fch With 14 P Drp Plug - 4~ Long [DE 14.4] - e
AWG 30 on .025 (0.63mm) Raqulu A T ith 14 Pin Dip Plug -8~ Long|DE -
Square Post. WSU-30 ith 16 P Dip Plug -2~ Long |OE 16.2) ’

Moaifiea fith 16 Pin Dip Piug -4 Long [DE 164
A£4.39 B£4.69 Lwrap B | wsu-3om [With 16 Pin Dip Plug -8~ Long | OF ~
@ e
@ + 8(0/0 . [ IIE]) . »
I3
=H®
A
F A 0 pto O .
0 ptont070 8966 e bleg O A

Everyday Electronics, August 1978



Eversure

¢ PTTEE

) ) U>},‘h

LV RAAG Y

by Anthony John Bassett

s THE Prof. completed his
A diagram for modification of
the output stage of an AC30 ampli-
fier Bob could see that by means
of this modification the Prof. had
totally avoided the risk of damage
to the amplifier from breakdown
of the cathode decoupling capaci-
tor. In the modified circuit this
capacitor is not used and has been
removed from the amplifier!

AUTO BIAS

“Many valve-type audio power
amplifiers use an auto bias output
where the cathodes of the output
valves are decoupled by means of
an electrolytic capacitor in parallel
with each cathode resistor,” the
Prof. told Bob.

“The situation of these capaci-
tors is usually a strenuous one as
in many amplifiers they not only
have to withstand the many elec-
trical conditions and fluctuations
which occur within the amplifier,
but they are also often placed in
a hot area of the amplifier, such
that in some amplifiers the capaci-
tor is in close proximity to the hot
output valves and the cathode bias
resistors which also run hot. Each
time the amplifier is used the capa-
citor is heated to a high tempera-
ture and under these conditions
failures are frequent.

Everyday Electronics, August 1978

It is often a good idea to remove
the capacitors and the auto-bias
cathode resistors and replace them
with an adjustable bias circuit like
thus (Fig. 1). By doing this we re-
move a number of potentially
troublesome components from the
circuit, and allow the bias current
of each output valve to be indi-
vidually controlled. This gives a
number of advantages over the
cathode auto bias circuit, and also
over the fixed bias circuits which
are also quite popular”.

“What are the differences be-
tween fixed bias, Prof., and auto
bias and adjustable bias?”

“T will draw a sketch of each,
Bob, and explain them to you”

BIASING METHODS

The Prof. quickly drew a num-
ber of small sketches on a sheet
of paper (Figs. 2 a, b, ¢, d). (Auto
bias transformer-coupled, auto bias
capacitor-coupled, fixed bias capa-
citor-coupled and adjustable-bias
capacitor-coupled.)

“In both the auto bias circuits
which 1 have drawn out (Figs. 2a,
b), the control-grid of the valve is
at chassis potential. Current flows
from the cathode to chassis by way
of the cathode resistor and a volt-
age develops across this resistor.
This voltage biases the valve and
automatically sets the current to a
particular level for each valve.

YW

VRe
100KE.

VRp
100 100ki]
hw
F

0-005!
[ ]

.

Fig. 1. The Prof's modification to the bias circuitry gives individual control over the bias of
each output valve. This improves the performance of the amplifier.
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A big advantage of this method
is that it is inexpensive; it is also
reliable if good components are
used and they are kept cool in use.

Where the bias voltage required
by the valve is large, a large volt-
age is dropped across the resistor,
and if it is a power valve a large
current may How. The resistor then
dissipates appreciable power and
may become hot. So this method is
inefficient and wasteful when used
in high-power output-stages.

A much more efficient method
which is used in high power output
stages is the fixed bias circuit (Fig.
2c) with a capacitor-coupled input.
Here the cathode is connected to
the chassis, and the grid is sup-
plied with the negative bias from
a fixed negative voltage source, by
way of a high-value resistor. There
is no cathode resistor to dissipate
power, and no cathode decoupling
caoacitor to give trouble.

However, with this circuit
trouble may often be experienced
due to variations in the charac-
teristics of the valves, especially
when replacement valves are
fitted.”

Bob was very puzled by this last
statement from the Prof.

“Why should replacement of the
output valves give trouble?” he
asked; “I would have thought that,
when it became necessary to re-
place the output valves, the new
valves would be better than the
old ones, and that this would solve
problems, not cause them. How can
this be?”

“The answer to the question,”
the Prof informed Bob, “lies in the
wide variations between the
characteristics of individual valves.
Even when they are new, no two
valves are identical in their per-
formance, though they may be
closely matched. When one con-
siders the differences between
valves from different manufac-
turers, and different countries of
origin. the differences may be wide
indeed.

INDIVIDUAL BIAS

The valves can then be biased
individually to the required opera-
ting current. A cathode resistor is
connected from the cathode of
each valve to the chassis and this
is of low resistance, often about
10 ohms or maybe less and does
not become hot. Usually a de-
coupling capacitor is not needed
with such a low value of cathode
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(a) {b)

{c) m;m

@ o

Fig. 2. Various types of bias commonly used with valve audio output stages: (a) autobias
transformer-coupled (b) autobias capacitor-coupled (c) fixed bias capacitor-coupled (d)

adjustable bias capacitor-coupled.

For those readers who have grown up with
transistors and integrated circuits—this is a
valve, the subject of the Prof's current
experiments.

resistor. So the presence of the
cathode resistor in this circuit does
not have the disadvantage shown
in the auto bias circuits.

By connecting a millivoltmeter
in parallel with the cathode resis-
tor we can measure the voltage
across it. If we know, from use of
Ohm’s law, which voltage corres-
ponds to the required current, then

the preset resistor can be used to
adjust the negative bias on the
valve until the correct current
level is reached. By reducing the
negative bias temporarily to a
lesser value, a higher -current
should flow, and this can be used
to test the cathode of the valve
for adequate election emission.”

“Could this problem be solved
by using only valves which match
the ones fitted by the maker in the
first place, Prof?”

“Yes, this is one possible solu-
tion, but it presents a number of
practical difficulties; it may be diffi-
cult to obtain such valves at the
time and place when they are
needed. If new valves are bought,
then carried around along with
other band equipment until they
are needed, it may be found that
when the time comes to fit them,
the characteristics are not so close
to the original and it may be too
late to fit another replacement
under the guarantee.

The most serious variation in
valve characteristic is the variation
in standing current, the current
taken by the valve under no-signal
conditions of fixed bias. A very use-
ful method of overcoming this is
to modify the circuit to give each
valve individual adjustable bias
(Fig. 2d).

Of course after this has been
done the bias should be imme-
diately set back to its correct level,
or excessive current could flow in
use of the equipment.”

To be continued

P 5= TAKE NOTE

QUAGMIRE (July 1978)

Resistor R5 in the components list should be 330(, not as given. In
Fig. 4b. the lead from M28 should go to J23, not /123 as shown. In Fig. 1.
the connection from IC5 pin 3 (gate G5b) shouid go to 1C6 pin 11. The

layout of Fig. 4b. is correct.
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ELECTRONICS

BRITISH ARMY °
EQUIPMENT
EXHIBITION

oME 400 overseas visitors repre-
senting 70 countries came to
examine the goods British firms
have to offer, on display at the
British Army Equipment Exhibi-
tion held at Aldershot last June.
Under the auspices of the Ministry
of Defence Sales Organisation, the
Army Royal Ordnance Factories
and some 250 commercial firms
combined to present the largest
array of military equipment ever
to be exhibited in one place.
The importance of this ‘‘shop
window” is clear when it s
appreciated that defence orders

dare expected to contribute £900m
to the- UK balance of payments
during the current year. Also,
thousands of jobs are dependent
upon the defence equipment
industry.

RADIO COMMUNICATIONS

A prime requirement of any
military organisation is an efficient
communication system. Backbone
of British military combat com-
munications is the Clansman
VRC353, claimed to be the most
advanced v.h.f./f.m. vehicle sys-
temn in the world. It is installed in

o~ \Ol

"QJ re

The Plessey Supertalk PTR2411 v.hf.
manpack/vehicle radio.

a wide range of armoured or soft-
skinned vehicles. The frequency
range is 30 to 75-975MHz and 1840
channels are provided at 25kHz
channel spacing. Frequency selec-
tion is by digital synthesiser.
Power output is 50W. This equip-
ment is now in full production at
Marconi Space And Defence Sys-
tems Ltd.

The VRC353 is operationally
compatible with the Clansman
v.h.f. manpack transceivers shown
by Racal Communications Ltd.

British firms also had on show
their own ‘“commercial venture”
communications equipments, de-
signed independently but specific-
ally for a military role.

In this category is the Plessey
Avionics and Communications
“Smalltalk” PTR 1851 V.H.F. Mili-
tary Pouch Radio. This radio is in-
conspicuous in use and light in
weight. It has eight programmable
channels and covers the 30 to 76-
MHz military v.h.f. band. A larger
Manpack/Vehicle radio “Super-
talk’ has a main role as a com-
mand radio at battalion, regi-
mental, company, or platoon level.

A new generation of manpack
h.f. transceivers was shown by
Racal. Claimed to be half the size
and half the weight of many simi-
lar equipments, the PRM4021 and
PRM4031 transceivers weigh only
Tkg (15-51b).

The lightweight and small size
is achieved by the use of advanced
The Racal UK/VRQ301 mobile v.h.f./f.m.

radio station designed for tanks with
limited turret space.
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The Ferranti Laser Target Marker used by
ground forces to designate targets to
supporting. strike aircraft.

thick film techniques coupled with
both linear and digital integrated
circuits.

The PRM 4021 covers the 2 to 16
MHz frequency range with 140,000
channels, and the PRM 4031 pro-
vides 284,000 channels in 100Hz
steps throughout the 1-6 to 30MHz
frequency range.

ENCODING EQUIPMENT

The security of military com-
munications is of vital concern.
Advanced digital techniques have
been employed to produce elabor-
ate encoding of speech, cw., or
facsimile signals prior to trans-
mission by line or radio.

Both Marconi and Racal had on
show extensive ranges of equip-
ments which exploit these tech-
niques for encoding information
that is to be transmitted.

Marconi offer a range of their
“Cryp” equipments, for maximum
long-term security for various
kinds of transmission. One of these
is the Cryptiex, designed for use
with h.f. radio circuits.

A  Crypflex equipment is
required both at the transmitting
and the receiving end. Each equip-
ment comprises: A vocoder; a
cryptographic unit; a multitone
moden, and a power unit.

At the transmitter the vocoder
converts speech into digital data
in the form of a continuous stream
of binary bits. At the receiver it
re-converts the data stream back
into speech.

The cryptographic unit employs
an encrypting sequence generator
to produce another data stream of
binary bits. The bits in this stream
are in an indiscriminate order, and
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it is of immense length and com-
plexity. The two streams are com-
bined, to produce a data stream
that is so complex that it is virtu-
ally impossible to break by any
form of crystanalysis.

The Racal range includes the
MA4014B Audio Encryption Unit.
This employs the latest time
division multiflexing and fre-
quency dispersion techniques to
provide 40,000,000,000 code combi-
nations. Over 600,000 internally
selectable code keys are available,
each of which is programmed by
64,000 codes selected by front
panel switches.

AUTOMATIC MORSE

The MA4230 Automatic Morse
Sender is a portable hand held
unit with a full alpha-numeric key-
board. Messages are entered into
the internal memory character by
character. The output is an audio
tone which complies with the inter-
national Morse code. Thus Morse
messages can be sent or received
by operators having no knowledge
of the Morse Code. A further
security advantage is that detection
of deployment of troops by an
intercepter by reading an
operator’s individual characteris-
tics is thus eliminated.

The associated MA423! Auto-
matic Morse Reader is able to read
incoming Morse messages of be-
tween 10 and 160 words per
minute. These are stored in a 1000
character memory and can be re-
called and processed either on a
single le.d. display or on a
separate printer.

This microprocessor controlled
unit is designed to receive MA4230
transmissions and other automatic
Morse transmissions, as well as
normal keyed traffic. |

COMPUTER FAULT FINDING

An important aid to the rapid
diagnosis of faults in electronic
equipment is the microprocessor
controlled Computer Aided Fault
Finding System, MICRO-CAFF RTL
SM. This enables anyone with a
basic knowledge of test equipment
to rapidly and logically pinpoint
equipment defects. This equipment
has been developed by Racal Auto-
mation Ltd., and has been ordered
by the British Army to align, test
and diagnose Clansman radio
equipment at a Central Command
Workshop.

The diagnostic programmes are
recorded on “floppy” discs, capable
of storing 250,000 characters.

MICRO-CAFF RTL 5M consists
of three units:

1. A visual display unit providing
all instructions for the operator
to perform.

2. A keyboard which generates a
total of 16 characters, providing
for an algorithm selection in
addition to the simple “yes/no”
operator functions.

3. A control unit incorporating the
floppy disc drive and micropro-
cessor circuitry.

LASER TARGET MARKER

A laser target marker and
ranger is in production for the
British Army by Ferranti. This
operates by directing pulses of
infra-red energy from a neo-
dymium-doped YAG laser at a
target. Range is then measured by
determining the time interval be-
tween transmission and reception.

A marked target seeker has been
included in this equipment for use
in conjunction with a forward air
controller equipped with a com-
patible laser target marker. When
the aircraft approaches the target,
the marker is switched on. The
marked target seeker in the air-
craft automatically detects and
tracks the laser energy scattered
by the target, driving the pilot's
head-up display to indicate target
position to him in elevation and
azimuth.

R/C TARGET AIRCRAFT

A large-scale model aircraft
using standard commercial radio
control techniques and equipment
was exhibited by Aero Electronics
Ltd. Called the Snipe, this model
aircraft is designed for use as an
aerial target for AA gunnery
practice, and also has an additional
role as a surveillance vehicle, in
which case it carries a camera pod.

Flight commands are trans-
mitted to Snipe through a compact
hand held radio control unit. The
radio range is in excess of three
miles.

A built-in fail-safe system auto-
matically closes the engine throttle
and ejects the recovery parachute
in the event of radio interference
or loss of control signal.

Snipe has a wing span of 2-5m
and a length of 2:1m. Average
flight duration is 45 minutes.
Speed: 128 m.p.h. pct
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HY5

Preamplifier

HY30

15 Watts
into 8

HY50

25 Watts
into 8Q

HY120

60 Watts
into 80

HY200

120 Watts
into 8Q

HY400

240 Watts
into 4Q

POWER
SUPPLIES

Reg. No. 202141535

I.L.P. ELEGTRONICS LTD., o Purcnoe prc

CROSSLAND HOUSE, NACKINGTON,

cANTERBURY, KENT’ cT4 7AD_ Name and Address
Tel: (0227) 64723

15—240 Watts!

The HY5 is a mono hybrid amplifier ideally suited for all applications. All common input
functions {mag Cartridge, tuner, etc) are catered for internally. The deslred function is achleved
elther by a muiti-way switch or direct connectlon to the approprlale pins. The internal volume
and tone circuits merely require connecting to external p ters (not included). The HY5
is compatible with all [.L.P. power amplifiers and powav supplies. To ease construction and
mounting a P.C. connector Is supplled with each pre-amplifier.

FEATURES : Complete pre-amplifier in single pack—Multi-function equallzatlon—Low noise
—Low distortion—HIgh overload—Two simply combined for stereo.

APPLICATIONS: Hi-Fi—MIxers—Disco—Guitar and Organ—Public address
SPECIFICATIONS:

INPUTS. Magnetic Plck-up 3mV; Ceramlic Plck-up 30mV; Tuner 100mV; Microphone 10mV;
Auxlliary 3-100mV; Input |mpednnce 4-7TkQ at 1kHz.

OUTPUTS. Tape 100mv Maln output 500mV R.M

ACTIVE TONE CONTROLS. Treble + t2dB at IOka Bass 4 at 100Hz.

DISTORTION, 0-1% at tkHz. Signal/Nolse Ratlo 68dB

OVERLOAD. 38dB on Magnetic Plck-up. SUPPLY VOLTAGE %+ 16-50V.

Price £5:22 + 65p VAT P&P free.

The HY30 Is an exclting New kit from l.L.P. It lealure» a vlnually Indestructible 1.C. with short
clrcult and thcrmal p The kit of I.C., P.C. board. 4 resistors, 6

t, together with easy to lollow construction’and operating instructions.
This ampllﬂer Is Idenlly suited to the beglnner in audio who wishes to use the most up-to-date
technology avallable.

;E?TURES Complete Kit—Low Distortion—Short, Open and Thermal Protecti Easy to
uild

APPLICATIONS : Updating audio equipment—Guitar practice amplifler—Test amplifier—
audlo oscillator.

SPECIFICATlONS

OUTPUT POWER 15W R.M.S. into 80 : DISTORTION 0-1% at 1-5W.

INPUT SENSITIVITY 500mV. FREQUENCY RESPONSE 10H2-t16kHz —3dB.

SUPPLY VOLTAGE + 18V

Price £5-22 + 65p VAT P&P free.

The HY50 leads I.L.P.'s total Integration approach to power amplifier design. The ampllifier
features an Integral heatsInk together with the simpliclty of no external components. During the
past three years the amplifier has been refined to the extent that it must be one of the most
refiable and robust High Fidellty modules In the World.

FEATURES: Low Distortion—Integral HeatsInk—Only five connectlons—7 amp output tran-
sistors—No external components

APPLICATIONS: Medium Power Hi-Fi syst Low power di Guitar amplifier
SPECIFICATIONS : iINPUT SENSITIVITY 500mV

OUTPUT POWER 25W RMS Into 80 LOAD IMPEDANCE 4-1600 DISTORTION 0:04% at 25W

SIGNAL/NO|SE RATIO 75dB FREQUENCY RESPONSE 10H2-45kHz — 3dB.
SUPPLY VOLTAGE + 25V SIZE 105 50 25mm
Price £6°82 + 85p VAT P&P free

The HY120 Is the baby of I.L.P.'s new high power range. Designed to meet the most exacting
requirements including load line and thermal protection this’amplifier sets a new standard in
modular deslgn.

FEATURES: Very low distortion—Integral heatsink—Load line pr ion—Thermal protec-
tlon—Five connectl No external t

APPLICATIONS: Hi-FI—High quality disco—Publlc address—Monitor amplifier—Guitar and
organ

SPECIFICATIONS

INPUT SENSITIVITY 500m

OUTPUT POWER 60W RMS into 8@ LOAD IMPEDANCE 4-1602 DISTORTION 0:04% at 60W

SIGNAL,NOISE RATIO 9008 FREQUENCY RESPONSE 10Hz-45kHz2— 3dB SUPPLY VOLTAGE

+2
S|ZE 114 50 BSmm
Price £15-84 + £1-27 VAT PA&P free.

The HY200 now Improved to give an output of 120 Watts has been designed to stand the most
rugged conditlons such as disco or group while still retalning true Hi-Fi performance.
FEATURES : Thermal shutdown—Very low distortion—Load line protection—integral heatsink
—No external components

APPLICATIONS: Hi-Fi—Disco—Moni Power sl ind ial—Public Address
SPECIFICATIONS

INPUT SENSITIVITY 500mV

OUTPUT POWER 120W RMS into 80 LOAD IMPEDANCE 4-1602 DISTORTION 0-05% at 100W

iIGNAL NOISE RATIO 96dB FREQUENCY RESPONSE 10Hz-45kHz2~ 3dB SUPPLY VOLTAGE

SIZE 114 50 85mm
Price £23-32 + £1-87 VAT P&P free.

The HY400is |.L.P.'s *'Blg Daddy" of the range producing 240W into 40! It has been deslgned
for high power disco address app"catlons If the amplifier is to be used at continuous high
power levels a ling fan s d. The amplifier includes all the qualities of the rest
of the family to lead (he market as a true high power hi-fidelity power module.

FEATURES: Thermal shutdown—Very low distortion—Load line protectlon—No external
components.

APPLICATIONS: Public address—Disco—Power slave—Industrial

SPECIFICATIONS

OUTPUT POWER 240W RMS Into 40 LOAD IMPEDANCE 4-160 DISTORTION 0 1% at 240W

SIGNAL NOISE RATIO 94dB FREQUENCY RESPONSE 10H2-45kHz — 3dB SUPPLY VOLTAGE
45V

+
INPUT SENSITIVITY 500mV SIZE 114 100 85mm
Price £32-17 + £2°57 VAT P&P tree.

PSU36 sultable for two HY30's £5-22 plus 65p VAT. P/P free.
PSUS50 suitabie for two HY50's £6 82 plus 85p VAT. P/P free
PSUT0 suitable for two HY120's £13-75 plus £1-10 VAT. P/P free.
PSU90 sultable for one HY200 £12:65 plus £1-01 VAT. P/P tree.
PSU180 £23-10 + £1-85 VAT.

B1 £0-48 + £0°06 VAT,

TWO YEARS' GUARANTEE ON ALL OUR PRODUCTS

Please note, free post + packing applies to U.K. only. Cash with order sales.

| Enclose Cheque ] Postal Orders ]
Please debit my Access account 3 Barclaycard account [

Account number

Signature
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LETTERS

A Shocking Aftair

Just what does your Mr. Adrian Hope,
"Entertainment"” February issue, think he
is doing by suggesting we check the earth
continuity of our domestic sockets with
a multimeter between the earth pin of
the socket and a water pipe?

Has it not occurred to him that if the
main distribution board's earthing lead
were not connected, if an earth leak
occurred in any piece of domestic equip-
ment the earth terminals of the aforesaid
sockets could well be at full mains
potential.

A shocking affair indeed|

Mr. J. Clements,
Coventry.

Mr. Hope replies . . .

Well, if the earthing to my main distributor
board were disconnected and if a fault
developed on a piece of equipment to leak
mains to the floating earth circuit, | for one
would be only too pleased to sacrifice a
multimeter to the cause of finding out, before
| was killed by touching an 'earthed”
appliance with wet hands in the kitchen or
even bathroom!

A Probing Time

With reference to Mr. A. M. Heritage's
letter (Bright Ideas, April Issue) concerning
the **Probe-less Continuity Tester'. The
idea for an automatic on/off switch is a
step in the right direction but why have an
onjoft switch at all?

By including another resistor (R2) earth-
ing the input when no bias is applied the
quiescent current of the probe can be
dramatically reduced.

Using a couple of low |eakage transis-
tors from my spares box | constructed the
circuit shown below. The probe sits on
the shelf drawing less than 1/10 of a micro-
ampl| (immeasurable on my meter) and
81to 10mA when used.

By varying the resistor values I'm sure
any suitable gain low leakage transistors
could be used

The probe has passed a current through
§ people, in series, and still the l.e.d. has
lit—! wonder If this is a record?

G. S. Wills,
Peterborough.

4
7y
D
R1 270k02 TLs T

81 ¢

56V |

PROBE g
TR2

X gEE TEXT
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Power Controller Interference

Having read with interest your selection
entitled Popufar Circuits which appeared
in the April issue of Everyday Electronics,
! noticed that no form of interference sup-
pression was included in the “Mains
Power Controller”, circuit No. 5.

As the function of this circuit is to
switch the mains partway through each
half-cycle to the load, harmonics of 100Hz
will be generated causing a small amount
of radiated interference and a large amount
of mains-borne interference on long,
medium and short wave bands.

To overcome these problems | suggest
the following remedies:

(1) Screen the circuit by constructing in

a metal box, this being connected to
earth.

(2) Construct an inductor of around
200uH, see below, and fit it in the
half-T filter as shown.

This will reduce any interference

through the mains wiring by 95 per cent.
P. R. Greenbaum
Grays, Essex.

COAT WINDINGS WITH
ARALDITE TO STOP BUZZ
AT MAINS FREQUENCY

2IN OF %IN| 80-100 TURNS PARALLEL
WOUND 18 SW,G. ENAMEL

DIAMETER
PERRITE ROD  COVERED COPPER WIRE
£ N _m
by (CASE) To sk
& (E)
| |
L Sb
200uH TO R
. | H | anp'sK1
MAIN
INPUT | | |
| 0-22uF |
400V
| | T0c
% CSRI
N | | {mt1)
|~ FiLter |

Encapsulated Heat

Concerning the letter about encapsula-
tion of circuits in Plasticraft by P. G.
Sherwood in the June issue.

Two possible reasons for the radio
ceasing to work are:

(1) whilst setting, Plasticraft generates
a certain amount of heat which may
damage some of the components.

(2) the transistor may tend to get
slightly warm, but due to the heat insula-
tion properties of plastics their tempera-
ture will slowly increase with very little
actual heat loss.

D. Clarke,

Rugby.

Hydrostatic Maifunction

A possible answer to the radio that
ceases to work (Readers Letters, June
issue) after a time because it has been
encased in potting resin could be this:

On curing (setting) the resin will shrink
and induce a pressure on the components
enclosed within.

This obviously is not of sufficient
magnitude to affect the performance of
the radio until it has been turned on for
a time.

Due to the slight heating effect that the
passage of electric current has on resis-
tors, coupled with the very poor thermai
conductivity of the plastic, the resistors
will try to expand and any expansion will,
of course, be prevented by the very firm
resin, causing considerable pressure to be
imposed on the resistors in the circuit.

Excessive pressure on a material will
always cause its ohmic resistance to
decrease, thus altering the effective values
of the components in the circuit, causing
it to malfunction after a short time.

On cooling, the radio will naturally
function once more. The temperature rise
may be less than one centigrade degree,
but the hydrostatic pressure imposed by
the expansion will nevertheless by very
high. J. P. Berry, B.Sc.,

Goldthorpe,
Yorks.
Heat Dissipation

With reference to Mr. P. G. Sherwood’s
problems with encapsulation, | would
think the trouble lies in the fact that
plastic is a very poor conductor of heat
(when compared with free air). A transis-
tor which is running near its limit can
become quite hot—and we all know what
happens to a transistor that becomes
too hot.

The ability of a block of material to
dissipate heat is dependent on a number
of factors—about the only one which the
constructor can control is the ratio of
surface area to volume. The higher the

Area
ratioyglumethe ogreater the dissipation.

It will also be seen that for a given
volume, the best shape is a thin slab,
like a slice of bread, or (even better) it
should be possible to cast the resin in
a finned shape—pretty and functional
(take a look at a heat sink).

Any components suspected of pro-
ducing heat in an unacceptable quantity
should be embedded near the surface of
the plastic or should have a lump of
metal (e.g. a bolt) embedded so one end
is near the offending component and the
other near the surface, this provides a
sort of thermal short circuit.

A hot component may affect itself or
a near-by component and will probably
discolour the plastic around it after a
while. If this effect is noticed (the resin
usually turns yellow) a hole can be drilled
to just pass the heat source to allow a
bolt to be threaded into the block.

|. Newman,
Kent.

We thank all the many other readers who
have sent ideas on this subject. Regretfully
we cannot publish all received.

A Good Test

| have just made the Mains Tester
described in the May issue and found it
most useful. | found that it can be made
much easier by not using the Veroboard
and the clear and opaque resin, but
instead using the whole of the existing
plug and drilling three holes in the cover
for the neons to shine through.

The neons and their resistors are
simply connected to the pins as you would
a cable. The live wire has to be soldered
to the fuse carrier but that is all there is
to do. Using this method the pins do not
have to be glued as the cover keeps them
in place. J. Farr,

London, W8.
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A. Marshali (London) Ltd. Dept. EE Head Office mail order: Kingsgate House, Kingsgate Place, NW6 4TA. Tel: 01-624 0305,
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CA3052 1-78 | LM709 070 | NES6O  4:50 30 TEXAS ANTEX TALSITAN1-33 407N 055 74121N  0-28
gAagoAg-:z IL.M’Ios:l‘ o450 zggg; ::g ;g:;;gqg-;g SO BT 74LS1I5N1-26 1408“ 022 74122N  0-85
A3080A 2 M70914 0 : - 74LS181N 3-95 | 7409 0-22| 74123N  0-85
CA3086  0-50 | LM710  0-67 NE565 1-39 TBA700Q220 ARD ELECTROLUBE TALS1BIN3-74 | T410N  0-20 74125N 048
CA30888 1-87| LM71014 0-84 NES66 1.75 | TBAI20AQ ISIEMENS SIFAM T4LS190N1-00 | 7411N 026 | 74141N  0-86
cmoesg:-:gwmq;gug-;g Ngge#N ::g TBaT0 2% TALSI9IN1-00  7412N 020 74148N  1-35
CA3090Q 4-40 | LM7: N - - T4LS192N1-98 | 7413N 036 74145N  0-88
CA3130 106 | LM723C140-45 SAS60 2-70 TBA750Q2-45 [SESCOSEM ARROW HART 74US193N1-98 7414N  0-30 | 74150N  1-20
S L% e h SRS 1n et R NS
. b . ; ; i 24 74 ‘36| 74153N 078
LM307N 0-50 LM741C8 0-30 SO4IP 1.35 TBAs20 o-so | Makes components buying easy T4CO2N  0-24 7420N 022 74184N  1-20
LM308N_ 0-95 LM741C140-30 SO42P 1-35| TBA920 2:99 T4COAN  0-24 | 7423N  0-32 | 74155N  0-70
LM309KC 1-95 LM747CN0-99  SN76001N1-30 | TCA160C 236 40 74COBN 0-24 | 7425N 032 7415IN 078
LM317K  3-35 LM7488 0-50 SN76003N2-38  TCA1608 2-55 74C1ON  0-24 742IN  0-32 | 74160AN 1-10
LM318N  2-45  LM74814 0-90 | SN76013N1-50 | TCA270 2-99 ABLE NOW 74C14N  1-41 7430N 022 | T4161AN 1-10
LM32015 2-16 | LM1303N 115 SN76023N1-50 | TCA730 4-50 TAC20N 0-24 | 7432N  0-30 | 74162AN 140
LM3201122-18 | LM1304N 1-52 | SN76033N2-35 | TCAT40 4-50 TACION 0-24 | 743IN  0-35 | 74163AN 110
LM3201152-15 | LM1305N 1-52 TAA263 1-35 TCA750 3-00 74C32N  0-24 | 7438N  0-32 | 74164N  1-36
LM320124 2-15 | LM1307N 1-22 | TAA300 3:70 TCA760 2:00 . . . . T4CA2N  0-92 | T44ON  0-20 | 74168N  1-36
mgzo;s “g nguoz ’zgg TAA320A1 ; ;g:}gg ::z Our new Spring catalogue is now available—contains all 7483% 33: 4IAN  0-84 | 7416TN 250
20P121-15 | [M1351N 1- 15 . f ; P 21 ‘54| 7442N  0°T6 | T4174N  1-60
UM320P151-15 LM1458N 0-45 | TAA3S0A TDAt0zz 7-50 §¥OU Need and more—packed with over 8,500 items with | J{E3N 033 T42N (.0 Jaman 18
EMIsok-'a-33 | LIsoeN 230 | TAAszr 30| ToAIos 4 38 | lots Of new products and ideas. New enlarged 40 pages| HCIeN & 54 Judban o030 7uiren 050
; : : : ; ; i ; 2 ‘80| 74177IN  0-80
LMIGSN 060 LMISIZN 620 | TAASZ 210 TOAZ00AD with special offers, discounts and data. Available from| 7eCssn 13 SN 080 Taia0N 100
LM34015 0-88 LM1820N 1-16 TAAS50 0-48 -5 74C86N  0-64 | 7450 0°22| 74181IN  2-00
340135 0-88  Lm1aaaN 190 | YA 2.10| UAAtT0 3.3 |@NY branch at 45p or 35p to callers. T4CBIN 4-39 TASIN 022 74182N  0-80
LM340124 0-88 L M1830N 1-90 | TAAS570 220 UAA180 2-15 T4CON 085 7453N  0-22| 74185N  1-50
LM341P5 0-80 LM1841N 190 | TAA370A TLOBOCP 1-25 | CM()§ | 4014 1-00) 40288 09214043 0-96 14068 027 4086  0-89 T4COIN 085 | 5N  0-22| SN S0
LM341P120-80 LM1845N 1-50 5-45 TLOSICP 0-90 4015 105 40208 1-10/5050B 0-85 40698 0-24 40898 2-10 74C9SN 1-04 7460N  0-22
LM341P150-80 LM1848N 1-93 | TAAG30 2-40 TLOS2CP 1-10 | 4000  0-22 4016 052 4030 0-84|4051B 0-85 4070B 0-85 40938 1-00 74C107TN 1-22 7470N  0-46 74188AN 3-25
LM341P240-80 LM1850N 1:90 | TAA960 3-90 TLOB3CN 140 | 4001B 0-22 4017B 1-05 40318 2-25/4052B 0-86 4071B 0-24 (4094 2-30 T4C150N 4-14 | 7472N  0-30 74189N 260
LM348N 0-95 LM1839N 4-90 TAAQ70 4-20 | TLOS4CN 1-45 (4002 0-22 4018B 1-05 4035B 1-30 4053B 0-98 4072  0-27 4095 9-30 74CI5IN 2:47 | 7473N  0-4&  74150N 1-40
LM358N 0-60 LM330TN 0-60 | TAA61182-50 LFISSN  0-80 | 4006  1:25 | 4019B 0-52 4037  1-20/4054 148 40738 024 4096 1-30 74C154N 368 744N 032 10N  1.20
LMSGON 300 | LM3302N 055 | TAA621 2:50 | LFISGN 0-80 (4007 022 40208 -15 40418 0-85(4035 1:65 40758 024 /4097 4-65 T¢CISIN 2:21 747sN  o-80 ;198 120
LM370N  3-30 | LM340IN 055  TAAG61A LF357N  0-80 | 4008B 0-99| 4021  1-05 4042B 0-86/4056 1-65 4076B 0-99 4008 g-o0 J4C160N 119 |7476N  0-45 7419
LM371H  2-35 | LM3g00N 0-68 1-65| Fyao01N 3-00 | 4009 058 40228 1-00 4043 1:054059 600 4077 0-70 | gciom .59 TACIEIN 1-11 ) 7480N  0-60 74193N  1-20
LM3SOK  §-45 | LM390SN 115 | TAAE61B1-45 'L 22 4010  0-58 | 4023B 0224044 1-00/4060B 1-15 4078  0-27| 74C162N 111 | 748IN  1-00 | 74196N  1-20
LM373N  3-35 LM3909N 0-78 | TAAT00 4-50 | LF1333IN3-00 | 40118 0.22 | 4024B 0-76 | 4045 1-76 1:35 40818 0-24 (4511 178
LM374N  3:36 LM3911N 1-10 | TAA930A14S | LF13741H 0-80 4012 0-22 | 40258 0221 40468 1-50 40668 075 4082 0-27 4516 210, NEW LOW PRICES
LM377N 1-30 LM7805K 1-75 | TAAQI0BY-45 ' LF13741N 0-55 {4013B 0-52 | 4027B 055 | 4047B 0-36 4067 4-85 4085 -89 45188 1{-20
LEDS + OPTO t NATIONWIDE SERVICE B)lt ?rKolelslc B TRIACS plastic pack 400v TO220
e skis
Crystals  Meters . 8 pin 15p 22 pln 30p Jiexas oo bojame  di®
P A T e R R FE A N 3 - F
om anode or mall 3mm- p - / { pin 18p pln 45p .
ath Red Large 5mm 20 -20 -20 | Chokes  Sprays 18 pin 27p 40 pin 85p Slamo, 82p 25 amp £2:20
mmHT £9.50 Xtrabright 40 -40 -40 | Knobs  Presets For atl FULL RANGE OF THRYRISTORS plastic power
Omm HT £1-55 l/red LD271 £0-58 Cables Neons 4 EE Capacitors Dlodes 4 amps 8 amps 12 amps
1 5 f Reslstors Cables 100v 038 100v 0-47 100v 0:63
Imm HT £1-57 IR recelver £1-45 Fuses Heatsinks Projects Plugsjskts Gases 200v 0-44 200v 0-54 200v 0-70
8mm HT £1-85 Opto coupler £1-55 Cases Indicators . Metere  Intour new 400V 0.54 400y 0-68 400y 090
Fuii range + data In our 1978 catalogue VAT Inclusive prices Clocks catalogue Branded Texas quality product
CONVERT TV SET TO TELETYPE | xMAIL ORDER% | 3} DIGIT PANEL METER KIT CLQCK MODULES DIGITAL
The new CRT control chlp from Thomson CSF [ Express service on all | L ocpco) Built and tested—requires onl,
SFF96364. Convert your TV set into an electronic { ©rders, please add 40p LCD Disp! switches and transformer 1o complete
teletype—16 lines x 64 characters, requires RAM, | for pdp to all orders. 5 59"{1 NEW/ 12 or 24hr alarm modules
character generator & littie else for a basle teletype. | Tel orders on ecredit a"°?e"’ﬁ . MA1002F 12hr 5in display 10-45
Avallable as chip or full display card. Full cursor | cards £10 minlmum. Conta nsal MA1002H 24hr 5In display 10-45
control, 5 volts TTL compatible, line erase, full card | °°"‘7°';°"’5 tion MA1010E 12hr 84in display 13-75
includes UART, Modem, char, gen etc. comp relqu ;,’CB°;°‘:"‘"“C °( mel MA1010G 24hr B4in display 13-75
video out from encoded keybd in. q L) : Auto vero extremely CAR CLOCK MODULE
chip £17-20 | = "'“'"el e Cmc s, MA1003 Bulit Tested 12V supply and
NEW Full card £151-00 assembly kit. £26-99 tour-digit module. Crystal controlled
Data Sheet 5p + SAE
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LOOK! Here's how you
master elecironics.

..the practical way.

This new style course will enable anyone to
have a real understanding of electronics by a
modern, practical and visual method. No
previous knowledge is required, no maths, and
an absolute minimum of theory.

8 You learn the practical way in easy steps
' l mastering all the essentials of your hobby or to
\ l" ‘""’A‘I further your career in electronics or as a self-
“Mi”"l| employed electronics engineer.

All the training can be carried out in the
S comfort of your own home and at your own
pace. A tutor is available to whom you can
write, at any time, for advice or help during
your work. A Certificate is given at the end of
every course.

{1

AN
}

IR
T + 123456'{‘%?-@'
1Buildan 2Read, drawand  3Carry out over

*

oscilloscope. understand 40 experiments

As the first stage of your training, you circuitdiagrams. on basic circuits.
actually build your ewn Cathode ray
oscilloscope! This is no toy, but a test In a short time you will be able to We show you how to conduct
instrument that you will need not only read and draw circuit diagrams, under experiments on a wide variety of different
for the course’s practical experiments, but stand the very fundamentals of television, circuits and turn the infor mation gained
also later if you decide to develop your radio, computors and countless other into a working knowledge of testing,
knowledge and enter the profession. It electronic devices and their servicing servicingand maintaining all types of
remains your property and represents a procedures. electronic equipment, radio, t.v etc.

very large saving over buying a similar
ptece of essential equipment

& k] eE . f
& 24 g ? All students enrolling in our courses receive
LLLE = s a free circuit board originating from a
% computer and containing many different
gt components that can be used in experiments
| N4 fj R E and provide an excellent example of current
| B3 R S electronic practice.
L f i

¥ §® ® §E 2 B ® ®E * B B B B B |
To find out more about how to learn electronics in a new, exciting and absorbing way, just clip the
coupon for a free colour brochure and full details of enrolment.

British National Radio & Electronic School |

P.O. Box 158, Jersey, Channel Islands.

NAME I
ADDRESS EE 88

Block caps please
Yy ¥ §¥ §¥ ¥ §® E F 2 § R 8 _§ B §R B B |
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GEORGE HYLTON

down

Chemists and Superconductors

ANY years ago | went to a lecture
about the future of electronics.
Since it was given by an eminent
engineer | expected him to tell how
engineers would be shaping the
development of electronic technology.
Not a bit of it. Instead he said very
firmly that the future of electronics lay
in the hands of . . . “'the chemists""
His point was that advances in
engineering nowadays nearly always
depend on the development of new
materials. It is the chemist, who
creates the new materials, to whom
the engineer must look for help. In
electronics, for example, the first
transistors required a new material
in the shape of ultra-pure germanium.
Later came ultra-pure silicon, and later
still materials like those which have
made light-emitting diodes possible.
I've often reflected on the wisdom
of that lecturer. When he spoke,
integrated circuits were just a dream
and the le.d., the laser and many
other commonplace devices hadn't
even been thought of. They all exist
because chemists have produced the
materials which have made them
possible.

Superconductivity

Superconductivity has a long
history. Back in 1811 a Dutch physiclst,
Kamerlin?h-Onnes, Investigated the
effects of very low temperatures with
the help of some new Ideas In
refrigeration. He discovered that lead
and mercury lose all thelr electrical
resistance when cooled to within a
few degrees of absolute zero.

At first sight it seemed that here was
a discovery with exeiting engineering
possibilities. Imagine an electrical
clrcuit with no resistance therefore

o
earth
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no losses. In particular think what
superconductivity could do for the
electromagnet.

Electromagnets are a universal tool
of electrical and electronic engineer-
ing. Yet they are all totally inefficient.
To energise an electromagnet, current
is passed through its coil. To make
enough current flow there must be
enough driving voltage to overcome
the resistance of the wire in the coil.
The power which has to be supplied
to drive the current through the coil
is totally wasted. It just heats up the
coil. If the coil had no resistance no
voltage would be needed, and once
the right current was flowing the coil
could be short circuited, allowing the
current to go round and round for
ever without any power loss, creating
the magnetic field all the time.

By substituting a superconducting
coil for an ordinary one the electro-
magnet would undergo a dramatic
increase in efficiency, a sudden,
spectacular leap from an efficiency of
0 per cent to an efficiency of 100
per cent.

Well, not quite. To keep the coil
cool enough a supply of liquid helium
is needed and so there is power
consumption by the necessary refrig-
erator. Despite this little inconvenience
the idea of a superconducting electro-
magnet still held great attractions, If
not for the engineer then at least for
the physicist, who is very interested
in finding out what happens to matter
when it is subjected to very strong
flelds.

Unfortunately, as Kamerlingh-Onnes
soon realised, it wouldn't work, Not
that the basic idea is wrong. It Isn't.
The trouble was that, as the early
experiments showed, superconductors
cease to superconduct when sub-
ject to strong magnetic flelds. So
it would have been useless to try to
make a superconducting electro-
magnet since It would be put out of
action by Its own magnetic field.

New Ideas

The end of a good Idea? Not quite.
Was there perhaps some metal or
alloy or other material which would,
when superconducting, be able to
withstand a strong fleld? Clearly a
job for a chemist. Not the sort of
chemist who mixes stuff In test tubes
and makes bad smells but a physicali
chemist who knows about crystal
structures, electronic conduction In
sollds and that sort of thing.

The best answer, so far, Is to make
a superconducting electromagnet coil
from thin strands of nloblum-tin alloy
embedded in copper. Practical super-
conducting electromagnets are in use
in physics labs in many parts of the
world (notably at the Clarendon Lab.
at Oxford).

But is it possible to find materials
which superconduct at higher tem-
peratures, and avoid the need for that
expensive helium freezer? Best of all,
is there some substance which will
superconduct at room temperature?

The search continues and recently
the idea arose that it might be possible
to make a substance which super-
conducts in one direction, say length-
wise, while remaining an ordinary
conductor in other directions. Physical
chemists produced theoretical reasons
for believing that special crystalline
compounds might have the right
properties.

Nobody has made a room tem-
perature superconductor, yet. But
some important steps along the way
have been taken. Materials that con-
duct lengthwise but not crosswise
have been found.

They are not superconductors and
they still have to be cooled, though
not always to liquid helium tem-
peratures. Indeed, if some of them
are cooled too much their resistance
begins to rise again, an interesting
finding which will keep physical
chemists busy for some time yet.

Josephson Junction

Meanwhile, engineers have attemp-
ted to make a virtue of necessity by
turning the ability of a fleld to destroy
superconductivity into something use
ful. By deliberately applying a field it
Is posslible to switch a superconductor
to a conductor.

Switching like this has widespread
use In computing. Research at
Cambridge has thrown up a super-
conducting circult element called the
Josephson Junction which looks as If
It may glve computer engineers some-
thing they have long needed; memory
stores of Immense capaclty combined
with rapld access, And cheap, too . ..
once you've pald for the refrigeration,

But the refrigeration has aiso got
cheaper over the years. This has
already been exploited by radio
englneers. The great enemy of ultra-
sensltive recelvers s the noise
generated in the recelver itself, by
heat. Speclal low-nolse amplifying
devices cooled by llquid helium have
been used for many years at satellite
communications stations. So ali the
apparently academic work on low
temperatures has produced useful
spin-oft elsewhere,

Just as a parting thought for any
reader who s not convinced of the
debt we already owe to chemists,
Just look inside any bit of electronlc
equipment. You will see conductors
of copper purified by a chemical
process, and numerous blts of plastic,
including Insulation on wires, ali the
products of the inventiveness of the
chemist. And by the way, If It's battery-
operated gear, the battery is an
electrochemical device.
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The Iatest kit
innovation!

rom [ LA

the quickest fitting

CLIPON -
capacitive discharge
electronic ignition

iNn KIT FORM <

@ Smoother running //

® Instant all-weather starting

@ Continual peak performance

@ Longer coil/battery /plug life

@ Improved acceleration/top speeds
@ Optimum fuel consumption

Sparkrite X4 is a high performance, high quality capacitive discharge, electronic
ignition system in kit form. Tried, tested, proven, reliable and complete. It can be
assembied in two or three hours and fitted in 1/3 mins.

Because of the superb design of the Sparkrite circuit it completely eliminates
problems of the contact breaker. There is no misfire due to contact breaker
bounce which is eliminated electronically by a pulse suppression circuit which
prevents the unit firing if the points bounce open at high R.P.M. Contact breaker
burn is eliminated by reducing the current to about 1/50th of the norm, It will
perform gquaily well with new, old, or even badly pitted points and is not
dependent upon the dwell time of the contact breakers for recharging the system.
Sparkrite incorporates a short circuit protected inverter which eliminates the
problems of SCR lock on and, therefore, eliminates the possibility of blowing the
transistors or the SCR. (Most capacitive discharge ignitions are not completely
foolproof in this respect). The circuit incorporates a voltage regulated output for
greatly improved coid starting. The circuit includes built in static timing light,
systems function light, and security changeover switch. All kits fit vehicles with
coil/ distributor ignition up to 8 cylinders.

THE KIT COMPRISES EVERYTHING NEEDED

Die pressed epoxy coated case. Ready drilled, aluminium extruded base and heat
sink, coil mounting clips, and accessories. Top quality 5 year guaranteed
transtormer and components, cables, connectors, P.C.B., nuts, bolts and silicon
grease. Full instructions to assemble kit neg. or pos. earth and fully illustrated
installation instructions.

NOTE — Vehicles with current impuise tachometers (Smiths code on dial RV1)
will require a tachometer pulse slave unit. Price £3.35 inc. VAT. post & packing
Electronics Design Associates, Dept. EE 7

82 Bath Street, Walsall, WS1 3DE. Phons: (9) 814791

Electronics Design Associates, Dept. EE8
82 Bath Street, Walsall, WS13DE. Phone: (9) 614791

Name
Address

Phone your order with Access or Barclaycard
Send SAE if brochure only required.

Inc. VAT and PP. QUANTITY REQ'D.
WKl £14-95 | enclose chequeiPQ’s for
TACHS PULSE SLAVE UNIT £3.35 £_‘_——-
heque No.
PLEASE STATE POLARITY POS OR NEG EARTH.
Access or Barclaycard No.
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ELECTROVALUE

All the many types of components we supply are BRAND NEW and
guaranteed and only from manufacturers direct or approved suppliers.

(No surplus, no seconds)

I1.Cs—TTL 7400 Series
7400 14p | 7410 14p | 7447 TJOp

7472
7409 18p | 7444 60p | 7473 23p

7474 23p | 7491 Tip | 74121 27p
7475 45p | 7492 46p 74123 5lp
7476 32p | 7493 40p 7414) 54p
7480 4lp | 7494 66p | 74151 60p
7482 6lp | 7495 57p 74154 160
7483 58p | 7496 63p ;4I90 94p

7450 40p | 74107 27p 74193 94p

OUR COMPUTER TAKES GOOD CARE OF VOUR ORDERS

SIEMENS CAPACITORS @
World-famous for quality and depend-
ability-exceptionally farge stocks held.
PCB TYPES—7-Smm PCM 0-00i to
0-01 5p each: 0-015 to 0:047 ép each:
0-068,0:1 7p each.

CERAMIC —2-5mm PCM 0-0I,
0-022 4p: 0-033, 0-047 Sp each:
0-068 6p each: 0-1 7p.
ELECTROLYTICS—{/100, 10/25,
10/63, 100/25, ete. etc.

For full range see our current lists.

RESISTORS

4. %, # watts 2p @ each: metai film,
metal oxide and | watt carbon 5p @
each: Good quantity discounts. Magnetic
field dependent from £§-50. Hali
effect from £§:23.

SIEMENS TRANSISTORS
Silicon npn and pnp from 8p each:
LEDs, red 19p: ycllow or green 23p
(3 or Smm): Photo transistors from
7ép.

KEEN PRICES @ GOOD S

ERVICE @ WIDE RANGES

DISCOUNTS

5% if fist value of order over £10
10% if list value of order over £25
—where cash (P.O. or cheque) is sent

V.A.T.—Add 8% to value of order
or 12§% with items marked.

(No V.A.T. on overseas orders).
Goods sent post free on C.W.O.
orders in U.K. over £5 list value. If

with order.

under, add 27p per order.

MONTHLY BARGAIN LISTS S AE. brings monthly list of bargains.
Also current quick reference price list of all ranges.
Cash with order (P.O. or cheque payable to Electrovalue Ltd) or your
Access or Barclaycard number.
TRADE AND INDUSTRIAL ENQUIRIES INVITED
For all round satisfaction—be safe—buy it from ELECTROVALUE

ELECTROVALUE LTD

Dept E.E.8, 24 St. Jud es Rd, Englefield Green, Egham, Surrey TW200HB.
Phone Egham 3603. Telex 264475,

Northern Branch (Personal shoppers only), 680 Burnage Lane, Burnage,
Manchester M19 INA. Phone (061) 432 4945,

TECHNICAL TRAINING
IN ELECTRONICS AND
TELECOMMUNICATIONS

ICS can provide the technical knowledge that is so essential 10 your success:
knowledge that will enabje you to take advantage of thc many opporiunities
open to you. Study in your own home, in your own time and at your own
pace and if you are studying for an examination ICS guarantee coaching
until you are successful.

City and Guilds Certificates:

Telecommunications Technicians

Radio, TV, Electronics Technicians

Technical Communications

Radio Servicing Theory

Radio Amateurs

Electrical Installation Work

MPT Radio Communications Certificate

Diploma Courses:

Colour TV Servicing

Electronic Engineering and Maintenance
Computer Engineering and Programming
Radio, TV, Audio Engineering and Servicing
Electrical Engineering, Installation

and Contracting

POST OR PHONE TODAY FOR FREE BOOKLET

| Ius To: International Correspondence

] Schools

. Dept 268X Intertext House, London

4] SW8 4UJ or telephone 622 9911

i Subject of Interest . e ]
M Name . o o o ]
M Address . g 3 3 D $0%) S b [ ]
= & oo 2 = Tel: T habinnd S ITTRIABE Pl css =
Y728 10 N 2 O O O Y N 2 T T " ) D 1 D O O ¢
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You'll learn a lot from the Heathkit catalogue.

NEW Computer Systems
Send for a special 16 page brochure.

RF Wattmeter

NEW De-luxe *3935
12”CRT Ignition Analyser

NEW Bi-directional

The Heathkit catalogue is packed with
scores of top quality electronic kits.
Educational, practical and fascinating

items which you can build yourself.
- & T 1 r fr J1 ' J F 1}

Send for the catalogue now.

To Heath (Gloucester) Limited,
Department ee ss |, Bristol Road,
Gloucester,GLZ 6EE. (Registered number 606177

Please tick the literature you want and enclose the appropriate
amount in postage stamps.

Heathkit catalogue only 3 (enclose 20p).

16 page computer brochure only {1 (enclose 20p).

N.B.If you are already on the Heathkit mailing list you will .
automatically receive a copy of the latest catalogue without having
to use this coupon.

When you receive [ wearn
. your catalogue _
J //So'dering\ you'lget cetas of SRLB S
iron offer | this free offer worth _ The world's (_?
l FREE / :pvroximately £4.75. biggest producers
of electronic kits.

< \;{,O‘b
v
There are Heathkit Electronics Centres at 233 Tottenham Court Road

London (01-636 7349) and at Bristol Road, Gloucester (Gloucester 29451).

SINCLAIR PRODUCTS®
Microvision TV now in_ stock £200.
PDMas digital multimeter £25-95. Malns
adaptor £3-24. Deluxe padded case
£3:25. New DM233 digital multimeter
P.O.A. Cambridge programmable cal-
culator £13-15. Prog. library £2-45.
Mains adaptor £3-20.

S-DECS AND T-DECS"®

S-DeC £3-39. T-DeC £4-44. u-DeCA
£4-32. u-DeCB £6-73. 16 dll or t0TO5
adaptors with sockets £2-14.
CONTINENTAL SPECIALITIES
PRODUCTS"®

EXP300 £6-21. EXP350 £3-40. EXP600
£6-80. EXP650 £3-89. EXP4B £2-48.
PB6 £9-94. PB100 £12-74. LM1 £30-99.
LP1£33-43. LP2 £19-44.

TV GAMES

Send s.a.e. tor free data. New Racing
Car TV Games chip AY-3-8603 plus
economy kit £20-80. Tank Battle chip
AY-3-8710 plus economy kit £17-95.
Stunt Motor Cycle chip AY-3-8760-1
plus economy kit £17-95. 10 Game
Paddle 2 chip AY-3-8500 plus economy
kit £14-70. AY-3-8500 chip plus economy
kit £8-95. Modifled Shoot kit £4-95.
Rifle kit £4-95. Colour Generator kit
£7-50. Attractively cased assembled
TV Games: 4-game models (Tennls;
Football, Squash and Pelota): Black
and White £11-95. Colour £14-50.
Deluxe 6-game Colour model with
Pistol attachment £21:95. TV Games
mains adaptors £3-10.

MAINS TRANSFORMER!

8-0-6V 100ma 79p, 1{a £2- JS 6-3V 14a
£1-89. 9-0-9V T5ma 79p. 1a £1-99,
2a £2-60. 12-0-12V 50ma 78p, 100ma 90p,
1a £2-49. 13V §a 95p. 15-0-15V 1a £2-79.
30-0-30V 1a £3-59.

JC12, JC20 AND JC40 AMPLIFIERS
A range of iIntegrated circuit audio
amplifiers supplied with free data and
printed clrcuits. JC12 6 watts £1-60.
JC20 10 watts £2-95. JC40 20 watts
£4-20. Send s.a.e. for free data on our
rTnge of matching power and pre-amp

ts.

PRINTED CIRCUIT MATERIALS
PC Etching kits: Economy £1-70,
Standard £3-82. 50 sq ins pch 40p.
1 Ib FeCl £1-05. Etch resist pens:
Economy 45p, Dalo 73p. Smalil drlil bits
1/32 Ins or 1mm 20p each. Etching dish
68p. Laminate cutter 75p.

BATTERY ELIMINATOR
BARGAINS

TV Games power unit stabilized 7-7v
100ma £3:10. 3-way models wlith
switched output and 4-way multi-jack
3/44/6V 100ma £2-92. 6/7{/9V 300ma
£3-30. 100ma radio models same size
as a PPg battery, with press stud con-
nectors, 8V £2-88. 6V £2-85. 4}V £2-85.
SV+9V £4-50. BV 46V £4-50. 4§V+ 4V
£4-50. Casueotte Recorder mains unit
74V 100ma with 5-pin din plug £2-85.
Car converters 12V dc Input. Qutput
Bc\il 300ma £1:50. Output 74V 300ma
BATTERY ELIMINATOR KITS
Send s.a.e. for free leaflet on range,
100ma radio types with press stud
connectors. 43V £1-30. 6V £1-80. 8V
£1-80. 44V+44Vv £2- 50. 6+6V £2-50.
949V £2-50. Cuuﬂo typo 7iV ‘IOOmu
with din plug £1-8 Hea

13 way types 4{[6[7/8{/11/13/14[17/21/
25/28/34/42V.1 Amp £4-65.2 Amp £7°2
Transistor stabilized 8-way typn 1ov
low hum 3/43/6/74/9/12/15118V  100ma
£3-20. 1 Amp £6-40, Variable voltage
ulblllud models 2-18V 100ma £3-60.
2-30V 1A £9:95. 2-30V 2A £14-95. Car
converters 12V dc input. Qutput 9V
300ma £1-50. Output 7§V 300ma £1 50.
B8i-PAK AUDIO MODULES

Send s.a.e. for data, S450 tuner £23-51.
ALB0 £4-836. PA100 £16-71. SPM30
. BMTB0 £5-95. MK60 £38-74.
Stereo 30 £20-12.

BULK BUY OFFERS

Minimum purchase £10 any mix from
this section. IN4148 1-3p. IN4002 3-6p.
BC212 8p. 741 8dil 15p. NE555 8dil 28p.
723 14d11 43p. Dalo pens $9p. AC78023N
exact equiv. of SN76023N with improved
heat sink 79p. Plastic equlvn of popular
transistors: BC108 3-8p, BC10 4p.
BCY71 4-7p, BCY72 4-4p, 2N3055 8p,
Fuses 20mm x S5mm cartridge 25, 5.
1, 2, 3, 5 Amp quickblow type 0-7p.
Antisurge type 3-4p. Recsistors 5%
E12 10 ohm to 10M. | W 0-8p. 1W 1-9p.
Polyaester capacltors 250V 01, 022,
033, -04Tmf 2-7p. -015mf 1-1p, 068mf
1-4p, 0-1mf 1-5p, 0-22mt 3p, 0 33mi
2:$p,0-4Tmi6-8p. Polystyrene capaci-
tors E12 83V 15 to 6800pf 2§p. Ceramic
capacltors 50V E12 22pf to 1000pt
1:7p. E6 500 to 33000pf 1-7p. 47000pf 2p.
Etectrolytics 50V -47, 1, 2mf Sp. 25V
Smt 5p 1omt 4p. 16V 22m0 Sp. 33, 47,
100mf §p. 220, 330mf 9p. 470mi 11p.

Callers by
appolintment only.

SWANLEY ELECTRONICS

T. EE, 32 Goldse! Rd., Swanley, Kent BR8 8EZ

E
Please add 30p to the total cost of order for postage. Prices include VAT. Overseas
customers deduct 7% on items marked * and 11% on others. Officlal credit orders

welcome.
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~ DarAm

Wolllnglon Bvldgu, Ll.dl L812 2UF

Quality Range of Products
from The Doram Catalogue include:

Hand Tools

We stock a large range of tools
for most electronic projects.

Books

We can supply a wide range of
books from simple projects
to detailed text books.

Wire & Cable

Single Semiconductors
Wide range of single diodes,
zener diodes, rectifiers and
general purpose transistors.
Integrated Circuits

Quality linear and digital
IC’s, regulators etc.

Mains Transformers
Comprehensive top quality
selection of low voltage
transformers.

Switches

A switch for most applications.

Small or large quantities

Send now for the NEW ‘78 - ‘79 edition 5 catalogue. EE1
New merchandise including MICRO PROCESSOR BASED KITS.
Over 2,000 items — 120 pages.

Send for your copy now 75p incl. p.p.

Doram Electronics Ltd ,

PO Box TRS,

Wellington Road Estate,
Wellington Bridge, Leeds LS12 2UF

Overseas orders, except for N.Ireland, Please add 35p
[ \to cover despatchby Air. REG No. 1155856

—— — — — L T IS S E— ——
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Miscellaneous

LED DISPLAYS:

0-3” C.anode %p each.
0-5” C.an/cath (speclfy) 110p pair.
0-6” C.an/cath (speclfy) 120p each.
CLOCK MODULE: 24hr Alarm LTB01H £5-50
requires Tfmr, switches, buzzer, sim MA1002.
FCMT7001 Time/Cal/AIlm chip £8-00
MK$0397 MM.SS.990 up/down counter £10°00
SCRUMPI 2 SC/MP MPU kit £80-00
SCRUMPI 3 SC/MP MPU kit £187-30

MICROSENSE MPUs for beginners books, two books
for beginners £2-00 pair.

CATALOGUE: send SAE.

Prices Inciude VAT, add 30p P &4 P.

BYWOOD ELECTRONICS, 68 Ebberns Rd, Hemel
Hempstead, HP3 SQRA. Tel: 0442-62757.

ENAMELLED COPPER WIRE

swg Iib 8 z0 4 o0z 202
i4-19 2-40 1-20 69 -50
20-29 2-45 1:60 -82 59
30-34 2-60 1-70 -89 64

35-40 2-85 1-%90 1-04 75
Inclusive of p&p and VAT, SAE brings Cataiogue
of copper and resistance wires in all coverings.
THE SCIENTIFIC WIRE COMPANY
PO Box 30, London E4 9BW
Reg. Office: 22 Coningsby Gardens

POWER SLAVE CASE: For the project on
page 504 Everyday Electronics, June 78, in
complete kit form, £9-80+4+75p P.&P. Make
P.O. or Cheque payable to CURTIS FURNI-
TURE, Junction Road, Totton, Hants.

DISCOVER THE PLEASURE of Electronic
Games, including TV Football, Tennis,
Squash, Practice; TV Tank Game; Battle-
ships; Noughts & Crosses; Roulette. Cheap
and easy to build (TV Football less than
£10), Eight circuits, plans for only £1-85.
Orders to: RIDLEY PHOTO/ELECTRONICS
Box 62, Uckfield, Sussex (reg. office, Wall-
send House, Pevensey Bay, Sussex).

Pracision tool
using com-
bination of

compressdd
oxypen or

micronox. A pencil lead thin
gama slze, adjustable to 8,000°F.

£22 50

INC. FLAME TIPS

ng. Up to 30 minutes use on tuel sup-
ent set of 2 micronox, 1 butans cylinder
4+ 28p péo. Only £22-30 4+ £33 pdp. Send

ll ACC!.I lccug
JOHN D & €O. LTD. (Dopt lE“)
1 Ardwlak Road, Londo
Mol order Tol: 01436 B4gs

METAL DETECTOR KIT type ‘“MDI1”
Home Office approved), Supersensitive.

erates with ’lr.mslstm radio, only £3:75.

X KIT “AO03.VR” Hiygh performance.
Reln output module £9-75. Other easy-
buildkits uvalluble. 16p stamps for Jllu-
strated catalogue, WELLTEX , 9 Sirdar
Strand, GRAVESEND, KENT,

_I RECHARGEABLE BATTERIES

‘AA' pancall (HP7) €1 32; Sub *C' LI e4; 'C' (HPI1)
£2:43;'D’ (HP2) L3 56, PP) €4-98. Matching chargare
€86:98 oach except PP) charger (882, Cherging
holders for 2, 3, 4, 5 or 6 pencelis 50p. 'C' & ‘D' size
holdars, 4 cells only 80p, Prices Include VAT, Add 10%,
post package and insursnce orders under €20, 3% over
€20. 5AR for full details plus 73p for ‘Nicke! Cadmium
Power' booklet, Mall orders to SANDWELL PLANT

LTD,, Dept. BR. 201 Monmouth Drive, Sutton
Coldfield, Waest Midlands. Tel 021 354 9764. Callare
to T.L. C., 32 Craven Street, Charing Cress,
London W.C.2,

STYLI—{llustrated equivalents
also- cartridges, leads, etc. Superb quality
and service at lowest prices. Fully guaran.
teed, free for SAE from: FELSTEAD
ELECTRONICS (EE), Longley Lane, Gat-
ley, Cheadle, Cheshire SK8 4EE. (Closed
holidays Aug. 11th to 31st—no service.)

100 RESISTOR S
W% cIfILM 2-90-2- RM (E1D)
10 sach of any value
Send stamped envelops for free sample
CO0 CASSETTES 30p  All Caseettes In Plastic Case
890 CASSETTES 48p with index and Screwed
Assembly
All prices Include VAT, Add Postage 10n In £1
Quantity Discounts SALOP LLECTRONICS,
10 Uﬂl(l ] 23 WYL8 copP,
80 Unite 7 BHREW

sB
100 Unite 10% Tel.83200 URY.
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(List 28)

100 WATT GUITAR/PA/MUSIC
AMPLIFIER

WIth superb treble, bass, overdrive, slimline, 12 monthe
guarantee. Unbeatable offer at £39. Also twin channel
with separate treble/bass per channel £43. Money
returned If not absoiutely dellghted within 7 days. Aiso
fuzz boxes great sound robust conetruction £6-80. Also
100 watt 12 in. speakers £22°5

All Inclusive of P.P. Send cheque or P.O. to:

WILLIAMSON AMPLIFICATION

82 Thorncliffe Avenue, Dukinfield, Cheshire.
Tel: 081-344 5007

Books and Publications

REWINDING TRANSFORMERS a new pub-
lication covering how to repair, design and
rebuild them. Every fact including where
and how to get this class of work, £4-30p
post paid by return, from MAGNUM
POWER TOOLS, Brinksway Trading Estate,
Stockport, Cheshire SK3 0BZ.

RADLIO BOOK SERVICE

WORLD RADIQ TV HANDBOOX 1978 ddition £8-2%
30 CMO$ IC Projaces (R, A, Pon €103
A Beactical Inee (1201
mr ans) [{E:1}
SCR's & TRIAC'S (P. Q. Rayer) €120

esturn Lotsters (£, G Reyer) €0-93

ur YV (€ iler) 4403

roni¢ Coleulatar () Vi ) £0-8!

hart Wave Recaivers (R A Penfold) 1-30

istence Recation 094

a1k C. Rorer) 18]

0-9%

eginners &1-08
giS INCLUDE POSTAGE & PACKING ... S.A.L FORPFULLLIST
4 CHILCHESTER COURT WICKHAM RO, BECKENHAM XENT BRS 29w

WHAT'S THE SECRET OF MAKING
MONEY? The Knowledge, and abllity, that
very few people possess, to undertake work
in a specialised fleld that {s crammed with
opportunities. We are supplying a MANUAL
that will enable you, In your own home,
WITH NO PREVIOUS EXPERIENCE, to
repalr VACUUM CLEANERS, DRILLS, and
PORTABLE TOOLS, by showing in easy,
step by step stages, how to diagnose faults,
rewind ARMATURES and FIELDS and
make up test equipment, 13 chapters cover-
ing test procedures, apparatus reqQuired,
teast charts, where to obtain materials and
where to find work, Packed with disgrams
and information. Get your copy now. Only
£4 plus 30p P&P, CWO. COPPER SUPPLIES,
102 Parrswood Road, Withington, Manches-
ter 20, Dept, EEL,

SIMPLIFIED TV REPAIRS, Full repalr
instructions individual British sets £4-50,
request free circuit diagram. Stamp brings
details unique TV publications. Ausee, 78
Church Street, Larkhall, Lanarkshire,

Service Sheets

BELL'S TELEVISION SERVICE for service
sheets of Radio, TV etc. 78p plus SAE,
Colour TV Service Manuals on request,
SAE with enquiries to BTS, 180 King's
Road, Harrogate, N. Yorkshire, Tel: 0423
55885.

SERVICE SHEETS for Radio, Television,
Tape Recorders, Stereo, etc. With free
fault-finding guide, from 50p and s.a.e.
Catalogue 25p and s.a.e. Hamilton Radio,
47 Bobhemia Road, St. Leonards, Sussex.

For Sale

"ADVANCE” test equipment, Mod. 08240
(scope). Mod. Alpha II (Digital Multimeter).
Mod. VM77TE (A.C. Voltmeter) nearly new
worth £450. £300 O.N.O.—Hornchurch 43695
evenings.

ELECTRONIC KITS—SAE for new cata.
logue, and clearance list of obsolete Kkits.
AMTRON UK, 7 Hughenden Road, Hast-
ings, Sussex,

ESCOL LOGIC PROBE suitable CMOS/TTL
5-17V Supply taken from board under test.
Detects both states and pulses down to
50ns, Only £10. C. MARSHALL, 22 QOakfleld
Road, Croydon, Surrey,

EVERYDAY ELECTRONICS, complete back
issues from Vol 1, November 1871-1978.
WHAT OFFERS. H. Gilbert, 78 Castle Road,
Bournemouth, Dorset.

NEW BACK ISSUES of "“EVERYDAY
ELECTRONICS'”, Avajlable 60p each Post
Free, open PO/Cheque returned if not in
stock, BELL'S TELEVISION SERVICES 190
Kings Road, Harrogate, Yorkshire. Tel:
(0423) 55885,

SELLING UP, Heathkit 10-4541 oscilloscope
£85. Heathkit Breadboard experimenter
ET.3100 £25, Heathkit oscilloscope calibra-
tor £6. Heathkit bench digital multimeter
IM.1Z10 £25, Factory checked, and all
brand new, also some new components etc.
Phone Alloa (Scotland) 212216.

Receivers and Components

71b ASSORTED COMPONENTS £2:85, Small
Audio Amplifiers, 3 transistors equivalent to
AC128, OC72, with circuit, 3 for £1. 300
small components, Transistors, Diodes £1-30,
No Postage, list 15p refundable, Insurance
add 18p. JW.B. Radio, 2 Barnfleld
Crescent, Sale, Cheshire M33 INL,

NO LICENCE EXAMS NEEDED

To operate this miniature, solid-state
Tlrlnlmltter-l!ecelver Kit. Only £8:78
us
Pl!rnln greele ‘em with a MINI
STROBE Kit pocket -sized ‘lightnin
flashes’, vari-sp eg for dizcos _an
arties, A mere £4'10 plus 20
)ﬁperlment w!t a  psyc
AB, pick u
lpeech/soundn with the BIG EAR
sound-catcher; readv-made multi-
function ‘modules, £5:00 each plus

L(?TS l;AORE! Send 20p for lists,
{’Jr;(c'e‘sm include VAT. (Mall order
BOFFIN PROJECTS

4 CUNLIFFE ROAD, STONELEIGH
EWELL, SURREY., (E.E.)

DISCOVER ELECTRONICS. Build forty
easy projects including: Metal Detector;
Wireless Transmitter; Breathalyser; Radios;
Stethoscope; Lie Detector; Touch time-
switches; Burglar Alarms, etc, Circuits,
plans all for £1:29 i{ncluding FREE circuit
board. Mail only. RIDLEY PHOTO/ELEC.
TRONICS, Box 62, 111 Rockspark Road,
Uckfield, Sussex,
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#. MIGHTY MIDGETS

MINIATURE

SOLDERING

IRONS

AND

ACCESSORIES

RETAIL PRICE | POSTAGE
eachinc.v.a.t.| extra.
18 WATT IRON inc.No.20 BIT £3-78 22p

SPARE BITS a4p -

STANDS £3-25 65p
SOLDER: SAVBIT 20’ 52p 9p
" 10’ 26p ap
LOWMELT 10° 65p 9p
I.C. DESOLDERING BIT 88p 9p

. No.19 (1-5 mm)
BIT SIZES No. 21 (45 mm)

No. 20 (3 mm)
No. 22 (6 mm)

From your Local Dealer or Direct from Manufacturers

S:R.BREWSTER (!

86-88 Union St - Plymouth PL13HG
Tel: 0752-650!1

DENCO
(CLACTON)
LIMITED

Dept. E.E.

357-8-9 OLD ROAD
CLACTON-ON-SEA
ESSEX CO15 3RH

near spot-on

Our components are
chosen by technical
authors and con-
structors  throughout
the world for their
performance and re-
liability, every coil
being inspected twice
plus a final test and
alignment.

General Catalogue showing full
product range 36p. Overseas Cus-
tomers 70p, Air-Mail Post Paid.

U.K. & OVERSEAS MANU-
FACTURERS/STOCKISTS
ENQUIRIES WELCOME

Australian Readers Please Note—
Our Complete Range of Coils are
available from Watkin Wynne Pty.
Ltd,, 32, Falcon Street, CROWS

NEST, 2065,
Box 392.

AUSTRALIA. P.O.

Solve yuvur communication problerus
with this 4-station Transistor Intercom
system (1 master and 3 Subs), in robust
plastic cabinets for desk or waull mount-
ing. Callftaik/listen from Master to
Subs and Bubs to Master. Ideully
suitable for Business, Burgery, Schools.
| Hospitals and Office. Operates on one 9V
o P battery. Onfoff awitch. Volume control.
Complete with 3 connecting wires each
£1 9.9 86ft. A Battery and other accessoties.
Adaptable for imains. Battery elim-
V.A.T. £1-60 ‘nator £6.13 (optional) P & P. 99p.

INTERCOM
o

o

Latest trapsistorised Telephone Amp-

lifier with detached piug-in speaker.

Placing the receiver on to the cradle
activates a switch for immediate two-

way cooversion without holding the

handset. Many people can listen at a

time, Increase efficiency 1n office, shop.
workshop. Perfect for ‘‘conierence’*

calls; leaves the user's hands free to

make notes. comsult files. No long

ONLY waiting. saves time with long-distance
£1 5.95 calls. Onjofl switch, volume control,
conversation recording model t

+ V.AT. £1-28 £18:95 + VAT £1-52. P. & P. 89p.

10-day price refund guarantee oo all items.
WEST LONDON DIRECT SUPPLIES (F.'Eoel) ;ﬂg K;:NEINGTON HIGH STREET, LONDON, W8
-937 5548

HAVE YOU DONE IT LATELY!

Fita
new tape head
and transform the !“m-_,vnﬂk_!! 8
performance of
your tape
recorder

QUALITY
REEL TO REEL
AND CASSETTE TAPE HEADS

Please enclose
20p P&P with order

Full Catalogue 25p

B24—RP stereo cassette glass/ferrite record/playback £9.84
B12-01 mono cass. playbk. £1.60 B24—Q1 stereo cass. playbk, £2.80
A28-05 stereo 8tk cartridge £1.80 E12-09 stereo/mono cass. erase £1.80

5/7 Church St, Crewkerne, Som. Tel. (0460) 74321
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Mail Order
Protection Scheme

The Publishers of Everyday Electronics
are members of the Periodical Publishers
Associatlon which has given an under-
taking to the Director General of Fair
Trading to refund monies sentby readers
in response to mail order advertisements,
placed by mail order traders, who fail to
supply goods or refund monies owing
to liquidation or bankruptcy. This
arrangement does not apply to any
failure to supply goods advertised in a
catalogue or in a direct mail solicitation_

In the unhappy event of the failure of a
mail order trader readers are advised
to lodge a claim with Everyday Electronics
wlithin three months of the date of the
appearance of the advertisement, pro-
viding proof of payment. Claims lodged
after this period will be considered at
the Publisher's discretion. Since all
retunds are made by the magazine volun-
tarily and at its own expense, this under-
taking enables you to respond to our
mail order advertisers with the fullest
confidence. For the purpose of this
scheme, mail order advertising is defined
asi—

‘Direct response advertisements, display
or postal bargains where cash had to be
sentin advance of goods being delivered'.
Classified and catalogue mail order
advertising are excluded.
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TANNODIUNCING BUILD A
A NEW SEW
sl SYNTHESISER!

N ECTIRONICN NO sSPeciaLswuis REQUIRED

This 5 volume set contains over 500 pages.
Bound in stiff linen. Cover size 8%in x 5in.

- Price £7.50 per set {we pay the postage).
Book 1. Introducing Electronics Book 4. Meters/Voltage-dividers
Book 2. Resistors/Capacitors Book 5. Transistor Project Circuitry

Book 3. Inductors/Diodes

The manuals are unquestionaby the finest and most up-to-date available
and represent exceptional value.

This series has been written in a fascinating, absorbing and exciting
way, providing an approach to acquiring knowledge that is a very
enjoyable experience. Suitable for industrial trainees, City and Guilds
students, DIY enthusiasts and readers of electronic journals.

Each part explains electronics in an easy-to-follow way, and contains
numerous diagrams and half tone blocks with construction details and
circuit diagrams for making the following transistor projects: Lamp
Flasher, Metronome, Wailer, Photographic/Monostable Timer, Metal

Locator, Geiger Counter, Radio Receiver, Intercom., Intruder Alarm, : D tr '
Electronic Organ, Battery Eliminator, Anemometer, Sound Switch, USIng ew on (Reg d)
Light and Water-operated Switches, Pressure-operated Switches, Light S ————
meter, Radio Thermometer, lce Alarm, PROFESSIONAL MODULES
Order now: o Over 20 different electronic modules to select what YOU want to
Selray Book Company OUR 100% GUARANTE build a synthesiser; simple or complex. Start simple and add to It
60 Hayes Hill Should you decide to racurn the set atter 10 deys exam- {8 as you can afford. New attractive prices for the long-popular, well-
g;’;‘;:rp M S R AU ol A tried range of Dewtron synthesiser and other effects modules.

s 1 e D e S S e S R W D BN N D T B SR RS BN NN NN GND W Send 25p for Musical Miracles Catalogue NOW!

§ Amount enclosed: £

| : : D.E.W. LTD.
i

= Address: s 254 RINGWOOD ROAD, FERNDOWN, DORSET BH229AR
EES8

For your Guidance
Value Added Tax

Unless otherwise shown, all prices in
advertisements are inclusive of VAT,

ELECTRONIC
ENGINEER

Do something PRACTICAL about your future.

Firms all over Britain are crying out for qualified people. With
the right training, you could take your pick of these jobs.

Now, the British Institute of

Where prices are exclusive, readers should
ensure that they have added the correct
amount of VAT before ordering.

. TS Engineering Technology will train Courses in |
E:RIOT ortl:edrz adreTnot subject to the addition you In your spare time to be an C & 6 Elect. Technicians
of Value ed Tax. Electrical Engineer C &G Elect. Instaltations

_Yourisk nothing! We prom- | 1o1comms Technicians Exams |
ise to get you through your Television Servicing [
chosen course-or, refund your Radio Maint. & Repairs (BIET)

fee! Pract. Radio & Electranics
So, join the thousands who Plus over §0 other

have built a new future through R o
home study Engineering courses. Y : |

POST COUPON FOR FREE 44 PAGE GUIDE

BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY

Aldermaston Court, Dept. TEE3S Reading RG7 4PF.

EVERYBODY’S
DOING IT!

Doing what? Sending for the
latest Home Radio Catalogue.
It's the most comprehensive
components catalogue you can
get. 128 pages, about 2,500
ltems listed, and profusely
illustrated. Still only £1:40,
with a free bargain list. Send

]
|
|
your cheque or postal order I
|
i

NAME (Block capitals please)

now,
ADDRESS
HOME RADIO - POSTCODE
COMPONENTS LTD. .
Dept. EE, 234 London Road Other Subjects AGE
Mitcham, Surrey CR4 3HD Accredited by CACC Member of ABCC
(plfo [ B N B N N B B B N N R B B BN N ]

Uulihisbied upproaimately the thind Friduy of each month by IPC Magazipes Ltd., Fieetway House, Farringdon 8t., London EC4 4AD. Priuted in England by Index Printers Ltd., Dunstable, Beds. 8ole Agents
for Australls and New Zealand—Gordon and Gotch (A/8ia) Ltd. 8outh Africa—Central News Agency Ltd. Everyday Electronics is sold subject to the following conditions namely that it shall not, without the
weitten consent of the Publlshers first given, be lent, resold, hired out or otherwise disposed of by way of Trade at more then the recommended selling price shown on cover, excluding Eire where the selling
price !s subject to V.A.T., and that it shall not be lent, resold, or hired out or otherwise disposed of in a mutilated d or {B any unauthorised cover by way of Trade, or affixed to or as part of any
publication or advertising, literary or plctorial matter whatsoever,




ights of
Delight......

sentinaplain
brown envelope

fDAtAmE

B EDITION 5 CATALOGUE R

The new '78-'79 edition 5 . Name .......................0.
catalogue is packed full of

new merchandise including l Address CAFTYTV laa WTIAB T E S

MICRO PROCESSOR .

BASED KITS. » SEEEEES R I e

There are over 2,000 items

in the 120 pages for your

Night of Delight and

b
50p WORTH OF FREE =
L
il

GOODS
Send for-your copy now.

Overseas orders.
except for N Ireland.

Please add 35p Doram Electronics Ltd
to cover despatch by Air PO. Box TR8
Wellington Road Estate,
Doram Electronics Ltd Wellington Bridge
PO.Box TR8 '
Wellington Road Estate. Leeds LS12 2UF EIER

Wellington Bridge

Leeds LS12 2UF NN .




NTRPLI

everything for the modern DLY electronics enthusiast and more.

| GRAPHIC EQUALISER

A new design with no difficult coils to
wind, but a specification that puts it in
the top-flight hi-fi class. All this for around
£70 including fully punched and printed
metalwork and woodwork. Send for our
component schedule now. Full construc-

100W RMS STEREO DISCO
A genuine 100W RMS per channel (both chan-

‘PE’ STRING ENSEMBLE

Unbeatable prices and finest quality
components only when you buy from
Maplin. All parts available to build
tion details price 25p. (All this fascinating project. Component
orices include V.AT. and schedule available shortly (s.a.e.

p.) appreciated). Demonstration model
in'our shop soon. Phone now and

nels driven) stereo disco with auto fade on
microphone, VU meters. full monitoring and
cueing facili-
ties and a very
high quality
lieht show.
Complete con-

Z;;ﬁ"ﬁfﬁé&? VERY compare our prices.
price 25p. LOW-
Cabinet comes DISTOR-
complete with TION ( '
lid and carry- AUDIO
OSCILLATOR

Y JLULUULULUULUIUAU N
The very low distortion sine wave (<0-01%) l -
outputissuitable for testing very high quality hi-
fi audio equipment. Also includes square wave
output. Range 20Hz to 26kHz. Output OV
to IV in three con-
tinuously variable
steps. Total cost
around £21. Full con-
struction details in
our catalogue. Send
the coupon below,
now! (all prices in-
clude V.AT. and

ing handles

TOUCH-SENSITIVE PIANO

The revolutionary new IC AY-i-1320 first seen on
‘Tomorrow’s World" is now available.
Complete kit of IC’s to build a 60-note f
piano (18 x 1C's) order as HQ53H price
£36°86. Preliminary gircuit details in our
Qctober newsletter. Complete design,
pcb’s attractive veneered wooden cabi-
net available soon. [t's the most realistic-
sounding electronic piano we’ve ever
heard and inciudes simulated damping,
loud and soft pedals. Full
details in our newsletters.
(All prices include V.AT.
and p & p.)

SWITCHES

We stock a wide range of switches
including a really low-priced high
quality interlocking push-button
switch system which is extremely
versatile. We've got tosgle
switches, slide switches, push
switches, rotary switches—there
are dozens to choose from, but
1it's only a tiny part of our fantastic
range.

PEDAL UNIT

A completely self-contained pedal unit.
13-note. 2-Octave range. 4 organ stops.
It can be added to any organ. A really
unusual extra is the bass guitar stop
which uses four envelope shapers to
give a real bass guitar sound. A must
for the solo guitarist. Full construction
details in our catalogue—post the
coupon below. now!

SYNTHESISER

The International 4600 Synthesiser. A very
comprehensive unit. Over 400 sold. We
stock all the parts costing less than £500
including fully punched and printed metal-
work and a smart teak cabinet. Far less
than half what you'd pay for a ready made

synthesiser of equal quality. Specification

on request. Full construction details in
our construction bdok £1:50. (All prices
include V.A.T. and p & p.)

INTEGRATED
CIRCUITS

Our bi-monthly newsiatter keeps you up to dote with latest

L .th =]

Over 35 pages in our catalogue devoted
to hundreds of useful IC's. All with
data, pin connections and many with

guaranteed prices — our latest special offers ~
details of new projects and new lines. Send 30p
for the naxt six issues {5p discount voucher with each copy).

applications circuits and Drojects to
build. Post the coupon now!

POST THIS COUPON NOW FOR YOUR COPY OF OUR

IT'S AFANTASTIC BESTSELLER! CATALOGUE PRICE G0p

216 big (11" x 8”) pages! Over a thousand
ilustrations! Over 30 pages of complete
projects to build! Thousands and thousands of
useful components described and illustrated!

No wonder it's a bestseller!
DON'T MISS OUT! SEND 60p NOW!

MAPLIN ELECTRONIC SUPPLIES
P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR
Telephone: Southend {0702) 715155
Shop: 284, London Road, Westcliff-on-Sea, Essex
{Ciosed on Monday! Telephione. Southend (0702) 715157

Please rush me a copy of your 216 page catalogue
| enclose 60p, but understand that if | am not completely
satisfied | may return the catalogue to you within
14 days and have my 60p refunded immediately.

NAME

]
|  ADDRESS
]
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