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ELECTRONIC IGNITION
KIT

TOTAL ENERGY DISCHARGE electronic
ignition gives all the well known advantages of the best capacitive
discharge systems.

PEAK PERFORMANCE higher output voltage under. all
conditions.

IMPROVED ECONOMY no loss of ignition performance
between services.

FIRES FOULED SPARK PLUGS no other system can better the
capacitive discharge system's ability to fire fouled plugs.

ACCURATE TIMING prevents contact wear and arcing
by reducing load to a few volts and a fraction of an amp.

SMOOTH PERFORMANCE - immune to contact bounce and
similar effects which can cause loss of power and roughness.

PLUS
SUPER POWER SPARK - 3Y times the energy of ordinary

capacitive systems - 3)/ times the power of inductive systems.

OPTIMUM SPARK DURATION 3 times the duration of ordinary
capacitive systems - essential for use on modern cars with weak fuel
mixtures.

BETTER STARTING full spark power even with low
battery.

CORRECT SPARK POLARITY unlike most ordinary C.D. systems
the correct output polarity is maintained to avoid increased stress on the
H.T. system and operate all voltage triggered tachometers.

L.E.D. STATIC TIMING LIGHT for accurate setting of the engine's
most important adjustment.

LOW RADIO INTERFERENCE fully suppressed supply and absence
of inverter 'spikes' on the output reduces iriterference to a minimal level.

DESIGNED IN RELIABILITY an inherently more reliable circuit
combined with top quality components plus the 'ultimate insurance'
of a changeover switch to revert instantly back to standard ignition.

IN KIT FORM it provides a top performance
electronic ignition system at less than half the price of competing ready -
built systems. The kit includes everything needed, even a length of solder
and a tiny tube of heatsink compound. Detailed easy -to -follow instructions,
complete with circuit diagram, are provided - all you need is a small
soldering iron and a few basic tools.

AS REVIEWED IN
ELECTRONICS TODAY INTERNATIONALJUNE '81 ISSUE
and EVERYDAY ELECTRONICS DECEMBER '81 ISSUE

FITS ALL NEGATIVE EARTH VEHICLES,
6 or 12 volt, with or without ballast

DIMENSIONS: Length 12.5 cm
Width 8.9 cm
Height 4.3 cm
Lead length 100.0 cm

TECHNICAL DETAILS
The basic function of a spark ignition system is often lost among claims
for longer 'burn times' and other marketing fantasies. It is only necessary
to consider that, even in a small engine, the burning hie! releases over
5000 times the energy of the spark, to realise that the spark is only a
trigger for the combustion. Once the fuel is ignited the spark is insignificant
and has no effect on the rate of combustion. The essential function of the
spark is to start that combustion as quickly as possible and that requires
a high power spark.

The traditional capacitive discharge system has this high power spark
but, due to it's very short spark duration and consequential low spark
energy, is incompatible with the weak air/fuel mixtures used in modern
cars. Because of this most manufacturers have abandoned capacitive
discharge in favour of the cheaper inductive system with it's low power
but very long duration spark which guarantees that sooner or later the fuel
will ignite. However, a spark lasting 2000pS at 2000 rev/min. spans 24
degrees and 'later' could mean the actual fuel ignition point is retarded
by this amount.

The solution is a very high power, medium duration, spark generated by
the TOTAL ENERGY DISCHARGE system. This gives ignition of the
weakest mixtures with the minimum of timing delay and variation for a
smooth efficient engine.

SUPER POWER DISCHARGE CIRCUIT A brand new technique
prevents energy being reflected back to the storage capacitor, giving 3%
times the spark energy and 3 times the spark duration of ordinary C.D.
systems, generating a spark powerful enough to cause rapid ignition of
even the weakest fuel mixtures without the ignition delay associated with
lower power 'long burn' inductive systems.

HIGH EFFICIENCY INVERTER A high power, regulated inverter
provides a 370 volt energy source - powerful enough to store twice the
energy of other designs and regulated to provide sufficient output even
with a battery down to 4 volts.

PRECISION SPARK TIMING CIRCUIT This circuit removes all
unwanted signals caused by contact volt drop, contact shuffle, contact
bounce, and external transients which, in many designs, can cause timing
errors or damaging un-timed sparks. Only at the correct and precise
contact opening is a spark produced. Contact wear is almost eliminated
by reducing the contact breaker current to a low level just sufficient to
keep the contacts clean.

OPERATES ALL VOLTAGE IMPULSE TACHOMETERS
Some older current impulse types (Smiths pre '74) require an adaptor
PRICE £2.95

TYPICAL SPECIFICATION

TOTAL ORDINARY
ENERGY CAPACITIVE

STANDARD CAR KIT £15.90 DISCHARGE DISCHARGE

ASSEMBLED AND TESTED £26.70 PLUS £1
SPARK POWER (PEAK) 140 W 90 W

SPARK ENERGY 36 mJ 10 mJ

TWIN OUTPUT KIT £24.55 U.K. P. & P. (STORED ENERGY)

SPARK DURATION
135 mJ 65 mJ

500 NS 160pS
For MOTOR CYCLES and CARS with twin ignition systems OUTPUT VOLTAGE (LOAD 50pF
ASSEMBLED AND TESTED £36.45

Prices include V.A.T.
EQUIVALENT TO CLEAN PLUGS) 38 KV 26 KV

OUTPUT VOLTAGE (LOAD 50pF + 500 Kfl

ELECTRONIZE DESIGN Dept. C EQUIVALENT TO DIRTY PLUGS)

VOLTAGE RISE TIME TO 20 KV
26 KV 17 KV

Goods normally despatched within 7 days (Load 50pF) 25 NS 30

Magnus Road, Wilnecote, BARCLAYCARD
pS

TOTAL ENERGY 'DISCHARGE should not be confused with low power
VISATamworth. B77 5BY inductive systems or hybrid so called reactive systems.

Phone 0827.281000
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ELECTRONIC
HOBBIES FAIR
ROLL UP! ROLL UP!
It's the greatest show for
all enthusiasts
Turn to page 805 for
full details
and
Your 50p Coupon
Alexandra Pavilion,
London
November 18, 19, 20 and 21
Electronics Hobbies Fair is sponsored by Everyday
Electronics, Practical Electronics ano Practical
Wireless and is organised by 1PC Exhibitions Ltd.

IPC Magazines Limited 1982. Copyright in all
drawings, photographs and articles published in
EVERYDAY ELECTRONICS is fully protected,
and reproduction or imitations in whole or in part
are expressly forbidden.

PROJECTS
EXTRA RAM FOR ZX81 by K. Depledge G3 PAN
Modifications to ZX81 and 2K Ram Pack
SECURITY VARI-LIGHT by A. R. Winstanley
Confuse the would-be prowler
CAR INDICATOR ALARM by A. Robson
A novel sound alarm for the motorist
VELOCITY MEASURER
by B. Dhanda, M. Finnemore & M. Stollery
Uses Doppler effect to compute object speed
ELECTRONIC V/I METER by D. J. Edwards
High performance, high input impedance voltmeter
5V REGULATED SUPPLY by F. G. Rayer
Simple power unit for logic circuits

SERIES
INTRODUCING ELECTRONICS by George Hylton
Part 3: Coils and Inductance
AUTOMOTIVE ELECTRONICS by J. B. Dance M.Sc
Developments in microprocessor systems for cars
THE ELECTRONICS OF INFORMATION TECHNOLOGY
by T. E. lvall
Part 2: Energy Converters; Analogue to Digital Conversion
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EDITORIAL
Electronic Hobbies Fair
BRIGHT IDEAS
Readers' Hints and Tips
JACK PLUG AND FAMILY
Cartoon
COUNTER INTELLIGENCE by Paul Young
A retailer comments
PLEASE TAKE NOTE
P.A. System, Combination Lock, Sound Splitter
EVERYDAY NEWS
What's happening in the world of electronics
SCHOOLS COMPETITION
Details of SEDAC 1983
EXAMINATION PROJECTS by C. Bowes
Practical aspects of circuit design and construction
FOR YOUR ENTERTAINMENT by Barry Fox
Advertorial, The Microcomputer Boom
RADIO WORLD by Pat Hawker G3VA
Racalex '82, Transglobe Communications, Exit VHF Television
SQUARE ONE
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IT'S AS EASY AS A,B,C... TWO FABULOUS OFFERS FROM

Exec

z,vz.c,e

k\e.'N6'

15")was

oc.s iN"JS
Seetko'0Wuo

As used in the
Cambridge Learning Booklet \\

A EXP 650 For microprocessor chips. £3.75
B EXP 300 The most widely sold breadboard in the UK;

for the serious hobbyist.£6.00
C EXP 600.6" centre channel makes this the

Microprocessor Breadboard. £6.60
D EXP 4B An extra 4 bus -bars in one unit. £2.40
E EXP 325 Built in bus -bars accepts 8, 14, 16 and up to 22

pin ICS. £1.65
F EXP 350 270 contact points, ideal for working with up

to 3 x 14 pin DIPS. £3.30
G PB6 Professional breadboard in easily assembled kit

form. £9.75 (Not illustrated.)
H PB 100 Kit form breadboard recommended for students

and educational uses. £12.50 (Not illustrated.)

& ITS AS EASY AS 1,2,3 with THE EXPERIMENTOR SYSTEM

SCRATCHBOARD

-BREADBOARD

-MATCHBOARD

1. EXP 300PC which includes one item. A matchboard
predrilled PCB -E1.20

2. EXP 302 which includes three items. Three 50 -sheet
scrarchboard workpads - E1.50

3. EXP 303 which includes three items. Two rnatchboards and
an EXP 300 snideness breadboard - £7.60

4. EXP 304 which includes four items. Two rnatchboards and
EXP 300 breadboard and a scratchboard workpad - E8.70

The above prices do not include P&P and 15% VAT

TOMORROW'S TOOLS TODAY
GLOBAL SPECIALTIES CORPORATION G.S.C. (U.K.) Limited, Dept.4H.

Unit 1, Shire Hill Industrial Estate,
Saffron Walden, Essex CB1 1 3AQ.
Tel: Saffron Walden (0799) 21682.
Telex: 81 7477.r

NAME

ADDRESS

I enclose cheque/PO for £
or debit my Barclaycard, Access, American Express card

No.' Exp date
or Tel: 10799) 21682 with your card number and your orderlwill be in the
post immediately.

A EXP 650
£5.17

Qnty. Regd. B EXP 300
£8.05

(linty. Reqd.

C EXP 600
£6.74

Qnty. Regd. D EXP 4B
£3.62

Only. Regd.

E EXP 325
£2.76

Qnty. Regd. F EXP 350
£4.65

Qnty Reqd.

G PB6
£12.36

Doty. Regd. H PB 100
C15.52

Onty. Regd.

Experimentor System

1 EXP 300 PC
£2.25

Qnty. Reqd. 2 EXP 302
£2.58

Qnty. Reqd.

3 EXP 303 Qnty. Reqd. 4 EXP 304 Qnty. Reqd.
£9.40 £11.15

FREE catalogtie
tick box 1:1

Global Specialties Corporation (UK) Limited, Dept.4H.
Unit 1, Shire Hill Industrial Estate, Saffron Walden Fsspx C811 3AQ

Boxed prices include P & P and 15% VAT

TESTER 20
201(o/V a.c. & d.c.

THE IDEAL
INSTRUMENT

FOR THE
CONSTRUCTOR

With protective diodes
and quick -acting 1.25A
fuse.

ONLY £29.75
inc. VAT, P&P, complete with
carrying case, leads and instructions.

The best instrument for the workshop, school, toolbox, TV shop and
anywhere accurate information is needed quickly and simply.
Accuracy: d.c. ranges and U 2% a.c. 3% (of f.s.d.)
40 ranges: d.c. V 100mV, 1.0V, 3.0V. 10V, 30V, 100V, 300V, 1000V.

d.c. 150µA, 100i4A, 30014A, 1.0mA, 3mA, 10mA, 30mA,
100mA, 1A, 10A.
a.c. V 10V, 30V, 100V, 300V, 1000V.
a.c. I 3mA, 10mA, 30mA, 100mA, 1 OA, 10A.
U 0 -5 -OW, 0-50k0, 0-500k0, 5M0, 50M0.
dB from -10 to +61 in 5 ranges.

Dimensions: 105 130 40mm.

TESTER 50
39 ranges
50ks-2/V a.c. and d.c.
With protective diodes
and quick -acting 1 -25A
fuse.
THE
PROFESSIONAL
SOLUTION
TO GENERAL
MEASUREMENT
PROBLEMS

ONLY £36.30
incl. VAT, P&P, complete with

carrying case, leads and instructions.
Goods normally by return of post.

The best instrument for the workshop, school, toolbox, TV shop and
anywhere accurate measurement is needed quickly and simply.
Accuracy: 50k11/V, a.c. and d.c.
39 ranges: d.c. V 150mV, 1V, 3V, 10V, 30V, 100V, 300V, 1000V;

d.c. 120µA, 100$1A, 300/1A, 1mA, 3mA, 10mA, 30mA,
100mA, 1A, 3A.
a.c. V 10V, 30V, 100V, 300V, 1000V;
a.c. I 3mA, 10mA, 30mA, 100mA, 1A, 3A.
Ohms 5k0, 50k0, 50010, 5MS2, 50M0.
dB from -10 to +61 in 5 ranges.

Dimensions: 105 130 ' 40mm.

For details of these and the many other instruments in the Alcon range,
including multimeters, components measuring, automotive and elec-
tronic instruments, please write or telephone:

N Instruments Ltd.
19 MULBERRY WALK  LONDON SW3 6DZ  TEL. 01-352 1897  TELEX. 918867

110
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SUPERIOR DUALITY CARBON
FILM RESISTORS. HI STAR
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255447 140
255448 199
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7 457 404
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BF 470 MP
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order by phone quoting Access, Visa or American Expiess
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7460 1,-

741585 480
741586 16P
70790 240
77592 250
741693 24
/4795 4
740696 No
747107 200
7415109 701 3 Wu,

& SpeCtrigs m 68 25 144
Ferric
640,, so,, ion 253250 360 ACI 32 39p 815584 159 , MJ15004 5.55

104517 22p 624 Senes
3 3 82V 150

T0410104 2.26
344

7470 .
7472 7416112 22p

stock Please
phone

7
M

READS
1/351/ 17
22/35V 174

613 63 250
103 16 144
100 25 lip
100 40 2211
100 63 254
,00 100 93p
220 10 114

250m1 PAO,
il 60

ETCH RESIST
TRANSFERS

I Thm lines
2 Th.cit lines

2143251 384
253439 Sip
293440 84
2N344I 1 25
253442 1 35
25372510T 2 40
253444 1 70

,,n
AC' 5' -'
AC152 46p....,AC153 4,-.Y."
41153K 14
ACI76 27974
Ad17511 T"'
AC187 25p

BC55813 16p
BC5581 170.
BC559 14.14JE340
815598 14
BC559C 170
81560 32p1
acssor 7.

MJI5015 2.46
MJ15016 3.34

5317
MJE350 160

, MJE2955 99P
MJE3055 68p
MPS405 Z3p

195172 34
114176 944
105400 124
195401 134
155402 1447
155403 1SP
1551104 169
155405 170

TDA1022 '1'71041024 1.19
7042610 3 90
70426114 2 SO
7,4170 1.69
U44180 1.69
UL112003 614

4049 220
50

40,, 41P
40,7 40
poso
4064

4
ap-.4- '

4
-4-54.

934

7473
277474 204

7475 25p
7476 294

7480 pp
7481 1,19
7482 ft,

;:11_:111531 f:
776122 70
7411123 36o
7415124 89p
7415125 24P
7417126 25p

2 5 Wen
524 Series
7 5 75V 1.10

NEW OPTO
DEVICES33 1374 170

47/35V 14
68'36V 1;01 0/ 3V 1,P

220 16 170
770 25 129
no 40 254
no 63 304

3 Thin bends
4 Thick bends
5 on_ 7.,a,
6 Tranpsto7

253445 480
253446 609
253447 572
753448 6 56

ACI137K 280
41188 250
AC188K 46p
ACY 17 700

,,,,, 16p
8,47, 160
BCY72 14'175412

- -

MPS406 24
44054,0 nip

24

155406 14
155407 190
155408 2119

UPC57512 2.45
UPC1156 2.75
XR2206 2.112

7414 27

1199
4069 4.35
4060 429
4083 761,

7483 294
7084 gip
7405 Oft

204

7415132 39P
7415136 290
7415138 32A
7415139 34

,...,404
44,,,n4,,,,,,Row.

2 2/16V 17p
2 2/35V 24
3.3/35V UP
4 7/164 120

220 17 pp
37 , 14
333 25 224

7 00,4 , 60.44

8 0 1" edge cons

253468 1 00
253512 I 06

253553,6, 212

...A1239 o 24
AF240 1 00
AF 2798 759

80131 44p
0732 44p
.0,35 44
85136 40p

MPS413 464
MPS414 46p
MPS416 300
MPSA18 65p

1145024 52p
155625 600
155626 524
114627 64

G.
y ,1400.
Large diffused

74419 2.25
ZN1034 1.99
2141040 6.0
21622 1394

40. 22p
2.4940, 14

7486
7489 120
7490 24
7491

7415145 70,,
7415147 I 57
711148 4

4 7/ 351/ 24P
6 8/25V 26p
6.8/351/ 254
10/16V 264

330 63 34
470 16 220
470 25 21.
470 40 34

63 430

9 Matture
Any sheet of
.00 30.
5e1 of 13 sheets

_.
253638 350
7536384 370

253694 300
253702 1011

*12790 754
AL 102 27AU110 2 20

230

90137 420
81738 390
,0139 3,
130140 ,.fl

4PSA20 417
495442 494
MP5443 4114
mpsA55 204

1544 10P
84102 254
BA115 25P
134133 4017

1 . 50.
850 Op 7p
Gso 164 124
ysp 160 14
snws

rr 6 33 890
40,9 13p
4070 13p

4071 134

4.27A
130

7492 2,4
7493 2Sp

1484 3114,

7495 ap

7411151 Alp
7415153 91,,
7415154 794
747155 290

CPUs
1801

10/354 349
15/10V 24

470
470 1013 We
107 16 MP

13 no
PHOTO
SENSITIVE PCB

253703 104

753204 '00

BC107 100

EIC1074 up
8C1078 120

2;3.,,
i.-;,-
.44
67.

MPS456 304
4 P54.65 404
4064.66 470

0A138 309
B4142 209

.11used
R20 40 10
620 1247 100

26504 171:::
6502
6800

.

2.74

13p
4075 134
4076 464

7496 We
7497 4,0,4

74100 op
7415156 34
7405157 27P
7405158 28P15/16V 304

15/25V 310
14, 75 3,
1000 40 44

,,,,..,,,

Glass For 7179
253705 10P
2143706 100

81108 100
BC1084 124

852394
130239C 64 6'71A7 450

M06492 70
B4144 150
B4155 154

II213 12p 70
1.1 r 0 1-

6802 2.10
950

4077 134
4078 13p

74104 500
74105 54

7415160 360
7416161 3422/16V 209

22/V 324
33/10V 319
4716 3V 43p
10013V 371

P71117.0-
14471or

10041 51330 74

Fully onc10444
PINK Pre-sets

E 3 Series
171(7 104

"1' V." "1'Mono Moroi 149

1C071 63 IMP
nap- 16 400
2200 25 6317
2200 40 700
2200 63 134
4700 16 2517
4700 25 Mg

Wire & Cable
Paces per mane

&bid Hool, up
wore

Any coiour Sp

Mains SoaMer
C.'. ice.moi
1-onn 1 amp 140

results
sprawng Eapose
to UV
Single Pawl
100 . 160 1.56
100.220 1.00

203 - 114 1.46
233 220 3.90
Double sided
100 , /60 1.65
i 00 ., 220 2.15
203 114 2.21
233 - 220 4 56fp
"".' '"

4800. '''' n01.7

253707 109
2537013 100
253709 10p
253710 lop
7N37.1
2N3712 2100,
768713 ' TY203714 2.98
253715 3 31
253716 3 60
253819 214
253820 70
253821 17
253822 900
253823 MP
253824 r "
2N3860

ec10138 120ppBC108C 1-8C109 10pp,,,,.. .
- i;.,,'"

8-C'P1C '"1"
81140 Zlp
8041 VP
BCI42 734
81143 340
131147 100
BC1474 10p
BC147B 1008C147C 20p4010800
8,148 10pBC14134 12ADC0817
EIC1480

,,,!
''''"

1302404 59p
190240C 734
1302414 410

130241C 67p
80242A 64
610242C 700

243A 72p
80243C 85P
5 IC:',244A 820
:0244C 1 00
1317454 114
131)245C 1.30
0024671 1 7
BD246C 1 50
80249A 2 00
80249C 2.31
80250* 2 11

LPPSA93 3°P
84,81-01 420
4 PS151 480
MPSUO1 W.,
44 P1125 1.32
MPS1105 550
407_11106 560
4P51.107 750
MP5051 1184
MPSU55 930
MPSU56 54
MPSU57 1.213

0C20 2.30
0C22 2.00
0C23 2.00
0C25 2 50

84156 34
BA157 250
134158 300
Bp 5, 3277
14182 409
BA201 104
BA202 26p
134316 250
64317 269
9437 300
BAVIO 14
84419 15p,4
BP/49 154
84%13 100
04410 114

pp 70, 22p
6,0 2, PSe

y/ p 27,3 2.0Large ctear70
R1 12P 1011

5C 17p 139
ysc op mo
s 65.151
Large'1''000

6, ,,,,,
85U lb 14G5U 4 34
.,45G

Tr. co..,netY.,f
PG \ 01 034 MP

pn",(g
- - - - 3.40
8060
80804

10.46

130854 3.46
8900 57-715

21.00
SCMP1 17.46
29DA 2.46

LOGIC ICs
including

COMPUTER
SUPPORT

22.60
ADC0616 14.10

10.M
415-2376 5.10

4081 179

14;:i 12P

4086 7117
4089 1.50
4093 1011
4094 4
,04,

444
4096 94
4097 146
4098 4Ogg 90P

For hoghtor
numbners tn 40

Series. subetitute
741 for 40

74107
74109 ...22°

74110 ..7:

74116 1,
74118 Gp
74119 7,0
74120
74121

t
Se"74122

74123
74125 ..,,,-.

74126 .,_,-.Y4

74128 .444.7

74132 2!P
74136

77:11;: It
7416164 100
7416165 5920

7415168 84P
747169 4
77,VITI7A '4'
7415174 4
7415175 390
7415181 94
7417183 1 79
7417190 34
7415191 4
77792 70
74151937416193 34

standard Vert
174

Standard Manz
17p

Tw.n 2, 74169
3 Core 2'5 atop

,
3 Core amp alp

$00tum

HYdraw71k 50Orni 2.50

31P
25387 94
2538774

2513902 62

BC1481 1300,4g 74, ,70
:n14.: 130

BD250C 2.46
1313437 gip
80438 5114

0C213
' 'Y

0129 2.36
0C35 7-7

7P

F14126 20p
BY27 22p801301

S2p
BY182 1 16

LINEAR IC.
45103 2.20p 7
Al;.00TI i.66

1047555 70
INS1671 20.00
1551771 20.00
R0251311 6 98

Dr/iaP174 49
- 741107

45 CMOS

74,7
772 17I74143 2 45
74144 2.1002,

7416194 32p
7415195 320
7415196 44
741_5197 48p

Thurnbwheel or
Sprn2114 for

Standard Pre
pp

40)8 0011 -..

C2110 or Eq...
P4.4 ... .464

Radial

3 Core mp630
564

Solid MuHicor
4 Core 330
8 Core 394
2 Co,e /1P

50 Core 107

DALO ETCH
RESIST PEN

spare nth 400

ANTES
SOLDERING
'PONS
C240115WI 450

293903 159253904p416
2r,..,,,399gs,

,,...--
.".254030 444

254031 '54254032 64
544

-254031

BC152. 34
BC153 230
BC154 27p
BCI57 Ilp,3,, .7.
8C1578 134.,,,.
-I"' 1°P
BC1584 12ji

8044010439
77,4.

ii64, 919
80442) 44
100529 1.20

302,132 'i,,
6,0536 74

K:; 704
oct. .---0070

74-1'0c71

--'0072
oc,32 ....57

01820 .4.4-t-

w,....-..

1341884 65p
89206 Mo
BY207 360
BY223 1.66

8"7 "PBY299 55p
1422361 1.0
0410 74

ATpp 1320 2.20

^01 758 97
411 1270 7.28

4034'910 8.1'413.8912 5.59
CA3048 2_99
CA304 3.21

00251301 7.50
SA45000 3.00
SA45010 7.10
SAA5012 7.10
SA45020 5 7G.44,30 97
sAA,44. m.p,

47 6114
se4503 Y."'

4507 37
4500 1 9
4510
4611 484_4511 .,-4
4514

24.5
74147

7.7447'

74148 -..AP
74150

pp.
,,,,--71.61
-;4:

'6162 774 154
71156 47:

-....444.

7415221 SOP
7415240 56
7411211 5899

7417242 560
7417243 560
741727 600
7415245 700
7415247 509

Leeds
lOnF 14F.
22n1. 33nF

Screened G61
Smola 144

27p

X25 125W1 4 M
.n star. 1 86
C240 Element

43p
254239 1 00
254240 3 00

L

471586 130
BC59 110
BC, 59A 12

94
80538-- sop
00539 an.'- ---"

0183
4,;".TIP294, pp-'

229C -Yr-TIP304

0447 20p
07190 109
0491

143059 180
143060 4.5
C4309040 170

15,
SA4970 II.M
54.45057 .2
TMS64311 1

1 I/4515 c,,4516

457
a.;

1.1. `1.4
74157
74159 .11.

74/7248 559
7416249 550
775251 300

471. 68n1
104F 94

Mini Single 120
Mini Stereo 150 X25 Element 2 05

2114347 2 2a

25435' 1 7
21/4400 15p

8,169s ,3:
811591 184

BD539C 1.10
130540 864
805401 1.20

rp
101_10C,,,

7171

0495 200
04200 200
04202 204

CA 31301 14
C.4.1130T 140

8126 1.7
8128 , 3,

4519
4.427

4520

44_4

;:1.6.1 -44
74162 4114

7417253 34
7415257 24

1500F. 2200F.
114

330n1 474F UM
680nF. 1pF 244
1 541.2 201 444

Verobeard 0.1-
Copper Clad
2 5 r 3 5 74
2 5 7, 5 ...

4 Core 4 Screens
7p

4 cop I ,,,44,,
pp

8 Core 610
12 Core 1113.

77 C275°2 7." 7P17311471
No6 Kgel 464,

8'14 0251750 ISmalll 64,pp. 64

254401 27p
2144402 3017

FY...
254409 360
254410 42rt
254427 790
254440 12

254870 804
254871 50P

81160 42P
BC161 4
BC167 lop

ne., V ' 170-
1,16,8 -84
811688 100
81168C 10p
4,169 ,04

- ,EIC16913 Op

80675 74
8076 779806776

704
80678 14.3.

135711 1.32

8D712 1'3280014 1.36
1.7

13E432 3.47

TIP311 384
111424 34
TIP32C 7
TIP33.4
TIP33C RIP
TIP344 74p
TIP34C NO
TIP354 1.012

119350 1.25

1."1406 4
CA31401 4
.4777 2.417
144137 2.54
LC717 3.20
LC71 30 3.20
11351 47p
7353

--""IF.
44_717

95 ,',.
-.."81,7 1.35

811695 93,4
131796 1 20
81LS97

9011
81L598 1.20
6522 119
6532 5""
8154 97

.,4-1.7"4521
444-YY.

4526
1.74,4_

,1Z; 4.....Y.11.

"'"F
:534

1104
4.28

4536 2,694
4638
4539

2
4543 4617

74163 OP
74164 A,
74165 ...,
74166 a"
2.,20 ,:li
,,, , 7, , 7,441i- T.,

--"74174 640...T':

7175258 34
74.7259 56p
7416261 1.0
747266 18P
74 LS273 80411152]5 27
7416279 34
010E280 1.00
741728 44
74 LS249 4.70

DIACS
17100 40p
572 p....

TY"'
THYRISTORS
4. 8 & 12 Amp
. Ton,

Su.. A - 1004
R 2004

p.p. cp...
501-2 9 05, op

5052119e1 654
SOLDER 1259rns
18 swg Z15

43 7Z Z 75 ...77
- I - - W2 5 . 17 2.50
375 17 17
4 79 x 17 4.20

75n UHF 39.
75f1 VHF 269.444, c, ,c_
30011 "41 tn,

22 9.90 3'M
VALVES

D486/87,802
1.32

2N4898
2144901 1 69
2N4902 3 52
241903 3.24

SC I69C It
rk1,777,. 76,9
9,,,,, 7p
8C178 160

eur54 .i.00
0.20

:...GI:yt 17
0,57 626
9ny58 615

TIP364 1.5
Tip35c 1.30
TIMIA 404
TiP41C 550

1117424 54

C 3000
D 4001/

4 600V

T11174 79

70
15357

14,47173485 QD
7134911 1.16

tr1135gt 1119)

8155 3.19
DIOACTC 2.115
D3OADART 8.00

2804910 2.a

4

4155
2,..5

4656
=04

4564 1

00.-
,--''74177

74178 2,
74180 :7.
74181 'pp-

7115290 44
747293 40,7

;VIZ:: :::
741799 150

Rainbow
Ribbon

no .74.
24 Way 164..,,,
"" -61

EGGS.? 1.22
ECC83 1.22
ECC84 1.22

1.01)
E [131 2.89
E184 2.50

VO Board 1.50
Dip Board 3.25
7,40 Cutler 1.15
Pin 4747' 1 7
100 P,ns .50
Verobloc 3 70

254904 2 75
2114905 3 2:
2144906 3 4
254907 3 20
254908 3 70
254909 250

Ficl 78A 24p
BC17813 264
BC179 20p
811794 26p
BC19713 254
1311791 Z70

13F194 120
8E195 i20
8F196 1220
BF 197 ,2,,
8E198 ,6,,
8E199 ,5.

TIP42C 55p
71049 1.2o
TIP50 1 40
TIP53 1 57
TIP54 '88TIPI10 7417

1111068 47p7315081 //036p
44 T111060 79

T1110664.0

TIC1164 56p

1,3800114 74
1.111.30148 1 SO
LM AN 2 26
143815 1.0
16138214 1.12
1143831 3.40

25425E8 3.7/
VOLTAGE.

REGULATORS

4569 96,
458.
4565 79k0

MEMORIES

74182
@674184

74185 4601"'"
76'" .1.!,
74188 4,...-:

71190 Y.".

7415323 198
741724 1.6
741.535 1.5
7415326 130
775327 2 31
3417347 950

- Posdw
100mA

7131.054 309 47/74191
/1T2'4

Vero Wiring
Pen Spoot 3.00

POWERFET K166 10.75
KT88 12.50

254918 950
2549,9 1 28

8C1B2 109 B F200 1.4 TIP112 444
T1P115

T1111613 MP 1 43845 1 40 781124 304
Me

.7477
747348 1.00r

Spare Spooi 72.
AMP MODULES

FROM PC900 1,76 254920 I 34
811824 12p
8C18213 134

10724) 320

BF225.1 36p
810

TIP117 964
134 TIC 1161 710

TIC1160 73p
4.43136141 114

7438654 1.20
781154 30p
781244 304

2 1.362111 IL 17074193
'

pp
W 747352 4

747353 79Combs 00

BOOKS In° VATI
Post inc prices

PANTECHNIC
now .44464
born 1050014

PC034 3.00
PC035 140
PCC89 1.89
PCF86 2.30

2114921 56p
254922 694
2144923 960
2145086 70

BC1821. 1..
BC1821.4 13p
8118713 ,4,,

100

81200 34
01241 7,,
1312444 369
B1244E1 390

TIP120 94
TiP122 73p
TIP125 1.20
TIP127 1.27

TIC1164 14

1111264 724
1111268 72p

...43,.. 7.43
LA4391/160 1.70
L51391580 1 93

147 70220
705T 37
78121 30p

2114 120004980
2532
2708 25

74194 4.4-
4,....Y.'

-"TY
7417 4
7477

..
7415362 725
7417365 29g7

7417366 290
Towers
Transistor

Manual 17771ei
0.50

111 Data 3.95
Data conversion

4 50
Volt Reg Data

3 "interface Data
3 95

Memory app,

PFA 100 16
PFA 200 n.55
7.000 rrIF BOV

4

ICE

MULTI-
METERS

Mitr01151ao
016 CO

00 PCF201 3.00
PCF801 2.57
PCF802 2.11

10 PCL82 1.80
PCL85 2 20
PC186 Z10
010305 2.20
PD510 4.95
PF1200 2.99
P1504 2 11
pL ,04 2 34
PL109 7 75

2550137 390
214088 374
25579 370
255190 66p
205191 70p
255193 904
255194 710
295209 24P
255245 170
2115246 4017
255247 45p
214524 49

BC 183
811834 1Ip
BC 1830 120

BC 183C 134
811831 100
EIC1831.4 13p
1718318
BC I83LC 14p
01184 104
BC 187 12p
811841 13p
BC1841 10p

1347

72454 309
BF24513 51p
7246 52p
BF246.4 39p
of 2468 539
1312474 540
72478 554
17254 70
81255 42p
012564 34
BF2568 44
BF256C

TIP130 1.50
T1P132 1.60
710135 1.60
17137 1.7
TIP140 1.04
11P145TI2 1.04

P14 1.19
T1P147 In
TIP2955

.,,,_,TIP3055 ,00
11643 lop

544

.
24 TIC126C 73p

TIC 1260 77;.._
T1112684 P44
TRIACS

Texas 400V
70220 Case
TIC206D1441 14
TIC2251)16A) 74
71122601878M
T11236011241

17

1472301 1.21
1772304 40p
LM725C51 3.40
L472504 3 19
74733 690
14741CH 914
1.1.474101 14
147410414 87,
1474715 694
LM1174801 100
1-474804 350
1-4130314 1 29

78151 le..4
76241 364

Negative
1044 7092

79105 7.
79102 7.
79116 1,

1 Amp 70220
79051

44:p979121
79151 pp
79141

44°

27161541 1113.,
.4' '
cr.c,4°44

7.,- 54
41161200ml 754
4118 3 125
4164 4.50
52 760

611614 4.4
3.36

6810 97
30

77=9 ::.

74198 ;47.

74199 74,
....--..74221 AP

740 TTL
70H00 1.45
74001 1.46
741404 115
74005 1.45
741410 1.46
74411 1.45
74H20 1.45

7415367 24
747368 29p
747373 59p
/4L6378 09
7415386 1 14

7415390 460
7416393 420
7411395 Up
7416396 TN
741E398 2.0R
7411399 1.91
7405445 Sp

446Audio Radio
Supenes16808

case
0702 4.17
P488 1.62

255249 480
255266 2.01

171947
BC1847 144
[K1136 249

112p

01257 34
8E258

T1S45
T1S46

ppp

TIS47 404

111246716AI
1.22

L413045 2 50
LMI305N 3.10

ZERO
INSERTION 747289 3.7741430

70421 1.45
1.46

74LS490 2.20
7415540 1.40

61,4 450 PY5004 2.63 255293 589 0C187 248
37p

2/100 350
T IC253012041 L413075 2.75 D1L SOCKETS 7415188 2 Mk 74,140 1.66 7415641 118p

Special 'unman
,4nr16.0, 746

pocket size
Multimeter

616 7 7
6527 2 59

255294 1 29
255295 I 37 BC207 19p

(7208 19,7

115884 620 17
11126313125AI

111

1413105 1.45
L5113305 2.26

240^ .14

401:19
5 7

747287 3.05
7415288 2.a,

77151 1.76
74853 186
71054 1.46

741647 1.0
74L 5641 1.81

61/6 2 59' EIC209 190
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BI-PAK AUDIO THE
PROFESSIONAL

APPROACH

L

HIGH QUALITY MODULES FOR STEREO

MONO AND OTHER AUDIO EQUIPMENT

BI PAK Audio Modules we famous lar tree variety, quality of deur and ruggedness For over 10 years 81 PAX have

been waders to wontedly's, of huh quality ruder equipment throughout the world to date. well over 100,000

modules have been sold Ibis is why damning amateur enthusiasts and professionals aide cost on using 131 PAK

mettles an Men equipment

They know that every item n designed and tested to do the rob for which n is Intended before n leases the tamer(

Whatever you we bulldog there Is a /A of module in the BI PAK range to not your every need.

AUDIO AMPLIFIERS
510 watts IRMSI

ALA 5 wan Audio Amp Module 2230v supply 6257
ALIA 710 wan Audio Amp. Module 7232v
supply

£4.16.

POWER
SUPPLIES

PS12 24v Supply Suit 2 xA110 2 a ALM 2 a 41.30

PA125453 E115. SPM80 33v Stabilised supply Suit 2 a.

ALSO PA100 to 15 watts ECK SP%112045 45v transformer repunng only the addition of two Electrobta

Sablised supply Suit. 2 a ALSO P0100 to 25 capacitors to complete the power sup*.

watts E8.311 SPM12055 55v Stabised supply Suit 2 a ALSO PA2110 E6.30

SPM12905 Etbr Stabrised supply Suit. 2 a AL129 PA2011 1 a AL250

SG33 154315 Stabilised power supply for 2 a 4E100 61811 E110.

AUDIO AMPLIFIERS
157535 watts IRMSI

4160 1515 wan Audio Amp Module 3650v

uppir £5.15.
0180 35 watt Autho Amp Module £8.07

MINIATURE FM
TRANSMITTER
Frog 95-106MHz. Range: mile
Size: 45 - 20mm. Add: 9v bath.
Not licenced in U.K. ONLYIdeal for: 007 -M15 -FBI -Ch A -
KGB -ETC. E5-50

MAGNETIC CARTRIDGE
PRE -AMPLIFIER
Enjoy the quaky of a magnorc cartridge with you

ceramic equipment using the MPA30 which is a quality

prthamp enabling magnetic cartridges to be used where

I acilmes exist for cerarrac caithdges only With a

DIN Input socket Et full. easy to follow nstructons

FRAN Stereo Mag Cartridge, Pre -amp

- input 15mv Output 100rrry

Transformers are not included with

power suadies SPM120 Range

also require reservoir and output capacitors

TRANSFORMERS
2014 1.7 amp 35v scat SPMBO E4.90. 2035 2 amp

55v 1165. 2036 750mA flu Suit PS12 OCR. 2040 1.5

amp 045r 55e Suit SPM120:45 SPM120155Y 5.45.

2041 2 amp 0.55 Suit SPM120155

SPM12055v ELIA. 2039 1 amp 0250 Suit Stereo

33 13.50. 2043 150mA 15615v Suit 5830 ELK

ACCESSORIES
139 Teak Cabinet Suit Stereo 30 320 a 235 

Shorn £7.00. 140 Teak Cabinet Suit S1A15 425 a 210

95rnm £9.50 FP100 front Panel for PA100 b

PANG £1.80. BP100 Back Panel for PA100

PA203 E1.60. GEICHFP Front Panel for one

GE100Mall £175.TC60 Kit of Parts including Teak

Cabinet chews, sockets Er knobs etc Ito house STA15

Amplrferi E17.511 P5250 Consists 1 capacitor 6 4

diodes for constructing unstabilned power supply for

L1t250 to 125 watts a%

SPM120 a a fixed voltage

stabiliser with an output voltage of

tither 45v. 55r, or fifirr. Designed for we In

audio applIcations, the stabiliser which parades outpin

currents up to 2.54 operates direct from a mans

V

MONO PRE -AMPLIFIERS
MM100 suitable for disco sue. 114M1006 suitable for

guitar preatter Tar.
The AIM100 and MMTOOG mono pre arnplrfiers are

compatble with the ALK AL80 AL120 and AL250 power

ampMers and then associated power supplies

MA1100 Supply voltage 40150 inputs Tape Meg P U

Microphone Mae output 500nw E1213. MIM100G Supply

voltage 4065v inputs 2 Guitars, Microphones Max output

500mv

£12.43.

AUDIO AMPLIFIER
Audio Amplrfier. 51:111 PATS, nob Integra/ heat sok and

short cacao protection

Inurduced to fulnl the demand la a huh protected

cower amp., capable to throng high thready speaker

systems at up to 50w with dstcsbon levels below 05%

Ideal for domesbc use. Discos, PA, systems, electrode

pagans. etc. The generously rated corroonents wscre

continuous operation at high

output levels. AL120 50 wan

Audio Amp Module

5117% sup*

£13.14.

STEREO
PRE -AMPLIFIERS

PA12 Supply voltage 72-32v inpid sensithaty 303mv Suit.

AL104120IAL30 10155. PA100 Supply voltage 3055v

inputs. Tape Tuner Hag P U Suit AL6014.180 E17.85.

PAM Supply voltage 35.7% inputs, Tape Tuner Meg

P.U.Suit AL8044.1201A1250 £1124.

1E100 MKII
10 Channel

Monogrepha

[quaker. v.*
Only I55mm a 65mm x 50mm including the 10x 10( 45mm

slider potenoometers and knobs which are mounted

al a board above the araitry. In the range of 3145 to

19104 you can cut and boost ±12dB with the 12 sliders,

each with frequency marked on the count board. The

cEloo uses anclude mixere PA systems and discos. It

MN also enprove the sound reproduction of your exisbng

audio equipment. Power supply fa 6E100 ad 5030.
Together with Transiormer no 2041

GEM MKII 10 Channel monographic
LEqualiser with sitters it Knobs £20.00.

BI-PAK 's COMPLETELY NEW CATALOGUE
Completely ie designed lull ol the type of componeets you :equine plus wine

very interesting ones you will soon be using and of coerce the largest range of

semiconductors for the Roraima and Professional you could hope to hind

There are no wasted pager. ol useless Ink:matron so often included in

Catalogues published nowadays lust solid !acts u e {trice destitution and

individual features of what we have available But remember. Bi Palos poky

has always been to sell goality components al compefilive threes and THAT

WE STILL 00.

81 PAK'S COMP? 1111* NEW CATALOGUI is now available to you You will be

amazed how much you can save when you shop lot I tedium(' Component, with

a Hi Pak Catalogue Have one by you all the time Parr to boy HI PAK

To receive your copy send 75p plus 25p p&p

BI -KITS
STA5 5 watts per channel Stereo Amphfier Kit cons:song

of 2 a AL70 amplifers I a PA12 preamplifier I: PS12

power supply 1 e 2036 tyansforrrer and necessary wirang

dagram 019.52. STAIO 10 watts per channel Stereo

Arnader Kit consisting of 2 e 4130 enlargers 1 a PA12

preampbfer 1 a PSI2 power supply I x 2E135

transformer and necessay wring dagrams 1200I

BI-PAK

STA15 15 watts pet channel Stereo AmpMier Kit

consefing of 2 a 0160 amplifiers 1 a PA100 pre amplifer

1 a SPM60 power supply 1 r 2034 bansformer 2 x

couphng capacitors foe 13 ohms 470 mid 50v and

necessary wring diagram 036.76. STA25 25 vans pet

channel Stereo Amplifier Kit cones -hog al 2 a ALM

anpktiers I a PAM) preamphher I a SPMI20145 power

Send your orders to Dept EEI2 81 PAN Po BOX 6 WARE HEATS

SHOP Al 3 BALOOCA ST WARE REVS

TERMS CASH WITH ORDER SAME DAY DESPATCH ACCESS

BARCLAYCARD ALSO ACCEPTED 111 1092013182 GIRO 388 7006

ADD 15% VAT AND 75p PER ORDER POSTAGE A PACKING

AUDIO AMPLIFIER
125 watts "1ST AL250

A power muffler prondng an output of up to 125w

OHS, into a 4 ohm load. Four 115w transistors in the

output stage makes n extremely rugged while damage

horn incorrect or short crew loads ts prevented by a

four tranostor protecoon drain. For use in many

appleabons such as asap units, sound reinforcement

systems, backgrand music players etc

01.150 125 wan hide Amp £19.60.
Module 5600v

The PA2130 s basically our popular PA100, modificatons

being made to make it compatible with the highs

output amplifiers i.e. AL170 b 4250 The wit boasts so

push button selectors guying a chorce of 3 inputs, 2

fibers, for both doh and low frequences and a stereo or

mono button, at confining to qve a top quality stereo

preampifier and tone control.

PUSH
BUTTON
STEREO FM
TUNER
Fried with Phase locked loop decoder

S453 Nodes instant programme selecton at the touch

of a button ensuring actuate tuning of 4 preselected

station, any of which may be altered as often as you

choose, imply by changing the smogs of the preset
camas Features include PET input
stage. Vartca) diode

MINN,

£19.00.

REGULATED
VARIABLE

STABILISED POWER SUPPLY
Variable from 230 volts and 02 Amps Kit includes: -

1 - VPS30 Module. 1 - 25 volt 2 amp tranfamet
1 - 65th 2 Pane/ Meter 1 - 62 amp r Panel Meier.

- 410 ohm vnrewound potentiometer, 1 - 4117 ohm

wirewound potenoometer Wring Dtagrarn

included VPS11 KIT uo.

SIREN ALARM MODULE
American Poke type screamer powered horn any 12

volt supply into 4 or 8 akin speaker Ideal for car bugler

alarm, freezer breakdown and other security

Mimes 6P124 5 watt IN max -
Siren Alarm Module £185.

supply I a 2010 trawfarrer 2 s coupling

avacw, to, g ohms 470 mfd 45v 1 x reservoe

cal/wrier, 2700 mfd ND, and necessary wring [fathom
£45.75. STA35 35 watts per channel Stereo Amplifier Kit conostmg of 2 y

AL80 waddlers 1 a SK112055 power supply 1 a PA2013 preampifier 1 x

7035 transfamet 1 x coreeng capacitors 470 mfd al 513ii foe 8 ohms 1 a

reseavou capanta 7200 mid 100v and necessary wiring degram E45.76

Use your credit card. Ring us on Ware 3102 NOW and

pt put ache even faster. Goods normally sent 2nd

Class Mail

Remember you must add VIR at 15% to pew ceder

Total. Postage add 7So pee Total order
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BI-PAK BARGAINS
5121 SCREWDRIVER SET
6 precision screwdrivers in hinged plastic
case. Sizes -0 8. 1 4. 2. 2 4,

2 9 and 3 8mm £175
5131 NUT DRIVER SET
5 precision nut drivers in hinged plastic case
With turning rod 21.75
Sizes - 3. 3 5 4. 4.5 and 5mm

5141 TOOL SET
5 precision instruments in hinged plastic case
Crosspoint (Phillips! screwdrivers -
H 0 and H 1 Hex key wrenches -
I 5 2 and 2 5mm £1.75

5151 WRENCH SET
5 precision wrenches in hinged plastic case.
Sizes. - 4. 4 5. 5. 5 5 and 6mm. 21.75

BUY ALL FOUR SETS 5121- 5T5 I and gel

HEX KEY SET FREE
HEX KEY SET ON RING.

Sizes 1 5. 2. 2 5. 3.
4 5. 5 5 and 6mm
Made of hardened steel

HX/ 1 £1.25

MINI VICE
This small cast iron quality made vice will
clamp on to any bench or table having a max
thickness of 11/2" The 21/2 " jaws open to max
of 1Ve Approx size 80 x 120 x 66mm
81-Pak's Mini Vice at
a Mini Price only

£2,50
ORDER NO SX82

BI-PAK SOLDER -
DESOLDER KIT
Kit comprises ORDER NO SX80

I High Duality 40 watt General Purpose
Lightweight Soldering Iron 240v mains inc[

3/16" (4.7mm) bit.
1 Quality Desoldenng pump High Suction with
automatic ejection. Knurled, anti -corrosive
casing and teflon nozzle
1.5 metres of De -soldering braid on plastic
dispenser.
-2 yds (1 83m) Resin Cored Solder on Card
1 Heat Shunt tool tweezer Type.
Total Retail Value over 212.00
OUR SPECIAL KIT PRICE 213.95

"IRRESISTABLE
RESISTOR BARGAINS"

Pak No.

Silo
Qta'
400

Elescnetion Pone
Mixed -Ali Type- Resistors LI

5211 400 Preformed IS watt Carbon
Resistors LI

S212 200 4 wall Carbon Resistors LI
5213 200 l watt Carbon Resistors LI
SX14 ISO 1/2 watt Resistors 22 ohm -

2m2 Mixed LI
S215 100 I and 2 watt Resistors 22

ohm7m2 Mixed LI
Pubs SX1715 contain a range of Carbon Film Resistors
of assorted values from 22 ohms to 2.1 meg Save
pounds on these resistor yaks and have a lull range to
cover your protects

`'Quantities approzimate count by weight

25 pieces of Audio Plugs, Sockets and Con-
. vectors to include -DIN 180°-240° Milne

3-6 Pin. Speakers, Phono, Jack Stereo
and Mono etc Valued at well over £3 normal Order
No. SX25.

Our Priced .50 per pak.
Guaranteed to save you money.

SX26 3 Prs of 6 pin 240° DIN Plugs and
Chassis Sockets 50p

SX27A 60 Assorted Polystyrene Bead
Capacitors Type 9500 Series PPO £1.00

SX28A 50 Assorted Silver Mica Caps.
5.60-150p F £1.00

SX29A 50 Assorted Silver Mica Caps.
180pF-4700pF £1.00

SX30A 50 High Voltage Disc Ceramics 750v
min up to 8KV Assorted useful values E1.00

SX31A 50 Wirewound 9 watt (avg) Resistors
Assorted values `ohm -12K £1.00

TheThird and
. 'I Fourth Hand...
I of you always need

but have never got until now
This helpful unit with Rod mounted

horizontally on Heavy Base. Crocodile clips
attached to rod ends. Six ball 8 socket joints
give infinite variation and positions through
360° also available attached to Rod a 2'h dram
magnifier giving 2 5 x magnification. Helping
hand unit available with or without magnifier
Our Price with magnifier as illustrated ORDER
NO 1402 25.50
Without magnifier ORDER NO T400 04.75

BI-PAK PCB ETCHANT
AND DRILL KIT
Complete PCB Kit comprises
1 Expo Mini Drill 10 00ORPM 12v DC incl 3
collets 8:1 x 1mm Twist bit
1 Sheet PCB Transfers 210mm x 150mm
1 Etch Resist Pen

1 1/2Ib pack FERRIC CHLORIDE crystals

3 sheets copper clad board
2 sheets Fibreglass copper clad board
Full instructions for making your own PCB.

boards.

Retail Value over 215.00
OUR BI-PAK SPECIAL KIT PRICE 29.25
ORDER NO SX 81

TECASBOTY
The Electronic Components and Semiconductor Bargain of Me Year A host of Electronic

components including potentiometers - rotary and slider. presets - horizontal and vertical

Resistors of mixed values 22ohms to 2M2 - 1,8 to 2 Was A comprehensive range of

capacitors including electrolytic and polyester types plus disc ceramics etcetera
Audio plugs and sockets of various types plus switches. fuses, heatsinks, wire. nuts bolts,

gromets. cable clips and Nes. knobs and P C Board. Then add to that 100 Semiconductors

lo include transistors, diodes, SCR's oplo's, all of which am current everyday usable devices.

In all a Fantastic Parcel. No rubbish all identifiable and valued in current catalogues at well

over f25 00 Our Fight Against Inflation Price -
- Beat the Budget

- Down with Depression JUST £6.50.

BI -PA
KSend your orders to Dept EE 12 131PAK PO B01 6 WARE HERTS

SHOP AT 3 BALDOCK Si WARE HERTS

TERMS. CASH WITH ORDER SAME DAY DESPATCH. ACCESS

BARCLAYCARD:0.SO ACCEPTED tEl (092013182 GIRO 388 7006

ADD 15% VAT AND 75p PER ORDER POSTAGE AND PACKING

"CAPABLE
CAPACITOR PARS"

PA No. Qty Description Price
5X16 250 Capacitors Mixed Types LI
SW 200 Ceramic Capacitors Miniature

Hued LI
Slit 100 Mixed Ceramics lel 560 El
5019 100 Mixed Ceramics661pf 0.5m1 LI
5120 100 Assorted Polyester/ Polystyrene

Capacitors C1

5X21 60 Mixed C280 type capacitors
metal foil El

5X22 100 Electrolytics all sorts El
5X23 SO Quality Electrolytics

50 1000mf El
SX24 20 Tantalum Beads. mixed LI

LQuantIlles approximate. count by weight

Slot
5042
5143
5146

$147

5149

Sue

BARGAINS
20 x Large 2" RED LED L1

20 small 125 Red LED -s El
10 Rectangular Green LED -s 2 L1

30 Assorted Zener Diodes
250mw 2 watt mixed voltages
all coded New LI
4 Black Instrument
Knobs -winged with pointer Tx 
Standard screw Fit size 29 x
20mm 504
20 Assorted Slider Knobs.
Black/Chrome etc El

12 Neons and Filament Lamps. Low
voltage and mains - various types
and colours - some panel mounting LIA

USX
6 Black Heatsink will fit 10.3 and

10-220 Ready drilled. Half price

value L1

SX53 I Power finned Healsink. This heatunk

gives the greatest possible heat dissipation

in the smallest space owing to its unique

staggered fin design. pre drilled

10-3 Size 45mm squarex 20mm high 40p

S154 TO -66 size.35mma30mmx 12mm. 35p

5/55 1 Heat Efficiency Power Finned Heatsink

90mm x 80mm a 35mm High. Drilled to

lake up to 4x

i0.3 devices

E130 each

rhOGRAMMABLE UNIJUNCTION TRANSISTOR
"PUT' case TO106 plastic MEU22 Similar to
2N6027/6028 PNPN Silicon
Price: 1-9 10-49 50-99 100+ Normal Retail
Each: 200180 15p 13D Price £0.35 each

SX33A.6 small (min (SDST7GRDT Toggle
Switches 240v 5amp £1.00

SX35A 6 small (min) Rocker Switches
240v 5amp £1.00

SX32 A 12,Assorted Jack & Phono plugs.
sockets and adaptors, 2.5m,
3.5mm and standard sizes £1.00

SX71 50 BC108 "Fallouts" Manufac-
turers out of spec on volts or
gain You test. £1.00

SX72 A mixed bundle of Copper clad
Board Fibre glass and paper.
Single and double sided. A
fantastic bargain

I
£1.00

SX38 100 Silicon NPN Transistors -all
perfect Coded mixed types with
data and eqvt sheet. No rejects.
Real value. £3.00

SX39 100 Silicon PNP Transistors -
all perfect. Coded mixed types
with data and eqvt. sheet. No
rejects. Fantastic value.

2N3055 The best known Power Transistors in the
World - 2N3055 NPN 115w.
Our 81.PAK Special Offer Price:
10 MI SO off 100 aH
£3.50 £16.00 130.00

80312 COMPLIMENTARY PNP POWER -
TRANSISTORS: TO 2N3055.

Equivalent M12955 - BD312 - T03
SPECIAL PRICE E0.70 and /

10 Mt [LSO

BRAND NEW LCD
DISPLAY MULTITESTER.
RE 188m

LCD 10 MEGOHM INPUT IMPEDANCE
*31/2 digit  16 ranges plus hFE test facility for
PNP and NPN transistors Auto zero. auto
polarity Single-handed. pushbutton
operation 'Over range indication  12 5mm

1/2 -inch) large LCD readout  Diode check
Fust circuit protection Test leads. battery
and instructions included.
Max indication 1999 or - 1999
Polarity indication Negative only.

Positive readings appear
without + sign

input impedance 10 Megohms

Zero adjust Automatic

Sampling time 250 milliseconds
Temperature range - 5°C to 50°C
Power Supply 1 x PP3 or equivalent 90

battery

Consumption 20mW

Size 155 x 88431mm
RANGES

DC Voltage 0.200mV
0-2.20-200-1000V Acc. 0.8%
AC Voltage 0.200-1000V
Acc 1.2% DC Current 0-200uA
0-2-20-200mA 0-10 A Acc 1.2% .5 ,Z

Resistance 0.2-20-200K ohms
0-2 Megohms Acc 1% fill)BI-PAK VERY LOWEST POSS PRICE

£35.00 each

r SINGLE SIDED FIBREGLASS
BOARD

Order No. Pieces Size Sq.Ins. Pile*
FBI 4 9 x 234" 100 £1.50
FI12 3 I I x 3" 100 L1.50

FB3 4 13 x 3" 156 L2.00

DOUBLE SIDED FIBREGLASS
BOARD

FB4 2 Phil" 110 E2.00

SILICON POWER TRANSISTORS- 703

NPN like 2N3055 - but not full spec
100 watts 50V min
10 for L1.50 - Very Good Value
100s of uses - no duds
Order No. 5X90L._

5 watt `RMS) Audio Amp
High Quality audio amplifier Module Ideal for use in
record players. tape recorders, stereo amps and
cassette players. etc Full data and back up diagrams
with each module

Specification
 Max Power Supply 30v Power Output 5 watts
RMS  Load Impedance 8-16 ohms  Frequency
response 50liz to 25KHz-3db Sensitivity 70 my
for full output* Input Impedance 50k ohms* Size
85 x 64 x 30mm  Total Harmonic

distortion less than -5%
BI-PAK'S give away price

£2.25
Yea amid not Build one
No Me poke.

r MORE BARGAINS!

S15I 60 metres PVC covered Hook-up
wire single and stranded. Mined
colours.

SX58 25 Assorted TIL Gates 7400
Series 7401.7460

5159 10 Assorted Ilip Flops and MSI

S160 20 Assorted Slider
Potentiometers

SX62 40 Assorted Pre Sets Nor/Vert
etc

5X/9 10 Reed Switches - glass type
3 Micro Switches - with lever

El

£1

LI

LI

El

El

Use row ciedit Laid Ring us on Ware 3181 NOW and

get your older even taste, Goods normally sent 2nd

Clan Mad

Remember you must add VAT al 15' to you, or de,

total Postage add 75p er Total nide.
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GREENWELD
4430 MILLBROOK ROAD, SOUTHAMPTON SO1 OHX
All prices include VAT -just add Sop post. Tel (0703) 772501

NEW GOODIES JUST
ARRIVED!!!

C12 BDX88A Darlington Power T03 PNP
60V 12A 117W Hfe 750 6A 75p.

C13 Nixie-Siernes 21.41336K, 14mrn digit
height, overall 25mm. Wire ended 50p

C14 BY212-750 power switching rect, 800V
4A. 4 for £1 50.

C15 GRO5R 50V 5A switching rect. 4 for
50p.

C16 21 PT5 50y 20A rect, 75p.
C17 KBLO4 4A 400V bridge, 50p.
C18 BS1 1A 100V bridge 5 for £1.

PREVIOUS MONTHS
NEW ITEMS

Cl 7912K (T03 Case), 75p.
C2 3 579545MHz Xtal HC6U case, 50p.
C3 40 DIL LP skts., 10/£2, 100rE16.
C4 25 -way screened cable 7/0.2, 50p/

metre.
C5 Reed switches, 20rnm body, SP make,

20/£1.
C6 12V reed relay, SP break, 40p.
CO 68A00 CPU, £1.50.
C9 UDN6116A display driver, 50p.
CIO Speedbloc ribbon cable:

10 -way 30p/m; 20 -way, 80p/m; 40 -way,
£1 .20/rn.

N1 6085A CPU, £3.50.
N2 MC14175. 50p.
N3 LM380, 55p.
N4 1000uF 16V Ax. 15p.
N5 6850, 100p.
N6 MM5290, 50p.
N7 MM2114, 60p.

1982/3 CATALOGUE
Bigger! Better!! Buy one!!!

Only 75p Inc. post -Look what you gel!!
* Vouchers worth 60P.
* 1st class reply paid envelope.
* Wholesale list for bulk buyers.
* Bargain List with hundreds of surplus

lines.
* Huge range of components.
* Low, low prices.

Sent free to schools, colleges, etc.

LIE DETECTOR
Not a toy, this precision instrument was
originally part of an "Open University"
course, used to measure a change in
emotional balance, or as a lie detector.
Full details of how to use it are given, and
a circuit diagram. Supplied complete with
probes, leads and conductive jelly.
Needs 2 4)V batts. Overall size 155x 100x
100mm, Only £7.05 -worth that for the
case and meter alone!!

COMPONENT PACKS
K503 150 wirewound resistors from 1W TO
12W, with a good range of values. £1.75.
K505 20 assorted potentiometers, all types
including single, ganged, rotary and
slider. £1.70.
K514 100 silver mica caps from 5pF to a
few thousand pF. Tolerances from 1% to
10%. £2.00.
K520 Switch pack -20 different rocker,
slide, rotary, toggle, push, micro, etc.
Only E2.00.

1000 RESISTORS L2.50
We've just purchased another 5 million
preformed resistors, and can make a
similar offer to that made two years ago,
at the same price!!! K523-1000 mixed
1 to 4W 5% carbon film resistors,
preformed for PCB mntg. Enormous range
of preferred values. 1000 for £2.50; 5000
£10; 20k £36.

30 Solderless
Breadboard
Projects - Book 1

BRAND NEW
VEROBLOC KIT!!!

Just published by Babani, Mr R. A. Pen -
folds new book, "30 SOLDERLESS
BREADBOARD PROJECTS" -this book
features 30 different projects for assembly
on a Verobloc, and the kit contains all
parts necessary to make:

Audio Amplifiers
Light & Dark Activated Switches S
Alarms
Timers
Metronome
Oscillators & Tone Generators
Warbling Door Buzzer
Two -Tone Train Horn
Touch Switch
Reaction Game
Sound Activated Switch
Radio Receivers
Fuzz Unit... + lots morel!

The introduction shows all the different
components and explains how to use the
breadboard. The Verobloc layout is shown
for every project together with the circuit
diagram and an explanation of how it
works. Ideal for beginners in electronics,
but also suitable for more advanced stu-
dents.
The complete kit is contained in an attrac-
tive plastic case, which can be divided up
into 15 compartments in which your com-
ponents may be stored.
Complete Kit, including book, Verobloc &
all parts 1E24. 95 ; Book only £2.25; Kit with-
out Verobloc £20.45.

5mm RED LED SCOOP
Another company gone bust -to your
advantage!! We've bought all their 5mm
red LED's -GI type MV5754, and offer
them as follows:
25 £1  95; 100 f.6 -00; 250 £1354;
lk £39-50; 5k EBB. Add 30% for 2 -part
clip if required.

TIL302 7-SEG DISPLAY
027in red common anode. Only 65p.

1 N4007 1000V 1A RECTS
Motorola bandoliered-lowest ever price!!
100 £2.95; 300 £11.50; 1k £27; 3k E72;
10k E220.

DISC CERAMICS
0.22uF 12V 9mm dia. Ideal for decoupling.
100 for E2' 75; 1000 £2000.
0. 5uF 12V 15mm dia. 100£1 50;1000E12.00
Pack of disc ceramics, assorted values and
voltages -200 for £1-00.

SWITCH BARGAIN
Push -on, push -off "table lamp" type, rated
2A 250V ac. 10p ea, 15 for £1, 100 for £5.

DISPLAYS
8 and 9 digit 7 -segment bubble type for
above chips -most have minor faults dud
segment etc. Mixture of 2 or 3 different
types with data. 5 for E1 00.

NOW
REDUCED
TO £3.95

ELECTRO-DIAL
Electrical combination lock -for maximum
security -pick proof. 1 million combina-
tions!! Dial is turned to the right to one
number, left to a second number, then
right again to a third number. Only when
this has been completed in the correct
sequence will the electrical contacts close.
These can be used to operate a relay or
solenoid. Overall dia. 65mm t 60mm deep.
Only £3 95.

STABILIZED PSU PANEL
A199 A versatile stabilized power supply
with both voltage (0-30V) and current
(20mA-2A) fully variable. Many uses Inc.
bench PSU, Ni-cad charger, gen. purpose
testing. Panel ready built, tented and
calibrated. £7.75. Suitable transformer
and pots, £6.00. Full data supplied.

HEAT SINKS
Redpoint 4W type drilled for 2 x T03.
Size 130 x 100 x 32. £250.

766

PLASTIC CASES

This attractive and durable range of small beige plastic cases offer a
choice of front panels; grey plastic(P), silver metallised plastic(M) and
aluminium(A) each secured by four self tapping screws (supplied).
The case sides have moulded slots for PCB location and mouldings
on two faces tilt the case by 10°. Vertically or desk style.

TYPE EXTERNAL
DIMENSIONS P

PRICE EACH
M A

10 85 x 60 x 40 0 99 116 122
20 110 x 75 x 50 1 20 1.49 1.72
30 155 x 95 x 60 2.10 2 51 2.74

SPECIAL OFFER Dpdt. C/Off, Chrome Dolly
only 99p Miniature Toggle Switch
including VAT and P&P

Mair Order only. Al I prices include VAT and P&P. Send large SAE for Catalogue of boxes,
knobs, power supplies (from 5A to 150A), AC/DC controllers and more.

DEPT. EE12, 2 THE WILLOWS,
HERSTMONCEUX, East Sussex,
BN27 4LE. TEL. 0323 832571.

TITAN TRANSFORMERS AND COMPONENTS
CENTRAL HALL CHAMBERS,

GRIMSBY DN32 7EG
Mail Order only - Prices include I5% VAT
Inverters -high quality frequency stable 12/24 volts DC. to
240V AC at 100, 250, 500, 1,000 VA.
Voltage Stabilisers -Coarse or fine regulation. High speed

Null switching 170/260V/50Hz. IOOVA to 5KVA plus other
sizes.

Adaptors-Switchable 6-7.5-9V 300MA unregulated.
6-7.5-9V 250 MA regulated.

Batteries Substitute -For Christmas toys
Battery chargers -2 volts & 6 volts, power supplies and a

full range of transformers.
BRIDGES, CAPACITORS ETC.

Send S.A.E. for details of product you ore interested in.

DESOLDERING TOOL. Make life easy with this superb anodised high suction
desoldering tool. Essential for desoldering multi -lead devices from transistors to ICs.
Especially handy for the experimentor and service engineer, eliminating damage to PCBs
and components. £445 + VAT. SPARE TEFLON NOSE 85p + VAT.
JAPANESE TRANSISTORS: Equivalents available for most types. Please enquire.
LOW COST VERSTALIVE MULTIMETER
THE MIGHTY MINI MULTI -TESTER. 2,000 ohms per volt.
Ideal for the beginner and service engineer (fits into shirt
pocket). DC & AC voltage ranges: 10v, 50v, 250v, 1,000v.
DC current ranges 100mA. Resistance: 2 ranges 0-1Mohm
(60 Ohms centre scale). Decibels: -10 to +22db. Mirror Arc
scale. Overload protection. Complete with battery, leads and
instructions. £5-65 + VAT.
ORDER FORM (no need to cut magazine -order on plain paperr."....allals.,......
Name
Address

Desoldering tools at £4.45 - £
Spare Teflon noses at 85p = £
Mighty Mini Testers at £5 65 - £

Postage, packing and insurance at 60p per
one device, 25p for each additional device

Sub total
Add 15% VAT

I enclose cheque no./P.O. no
Alternatively please credit my VISA/ACCESS/AMERICAN EXPRESS no
Signature
This offer applies to UK only. Please allow 7-10 days delivery. Overseas customers please
do not add VAT but allow to cover postage. TRADE ENQUIRIES WELCOME.

CRICKLEWOOD ELECTRONICS LTD.
40 Cricklewood Broadway, London NW2 lET. Tel: 01.452 0161 Telex 914977



The Jupiter Ace uses FORTH
The Jupiter Ace personal computer runs in FORTH, an easily
understood language, typically four times as compact and ten

times as fast as BASIC. Before the Ace all personal computers
used BASIC and FORTH was only available to a privileged few.

The Jupiter Ace also features a full-size moving -key keyboard,
high -resolution graphics, sound, floating point arithmetic, a fast
and reliable cassette interface and 3K of RAM.

Available soon
Plug -on parallel printer interface.
For around £20.00 this will connect your Jupiter Ace to
anything from high-speed dot matrix to letter -quality daisy

wheel printers.
Plug -on 16K Memory Expansion
For around £30.00 you will increase the memory of your Jupiter

Ace to 19K giving you instant access to enormous amounts of
information.
Software

A catalogue will be sent with every machines, and includes, initially,
programs for education and entertainment.

inclusive
price
For f89.95 you receive

your Jupiter Ace, a mains
adaptor, all the leads
needed to connect to most

cassette recorders and T.V.s
(colour or black and white), a
software catalogue and a

manual.
The manual is a complete
introduction to the world of

personal computing and a
course in FORTH programming
on the Ace.

Even if you are a complete
newcomer to computers, the
manual will guide you step by step

from first principles to confident
programming.

The price includes postage, packing
and V.A.T.

The Jupiter Ace is backed by a full 12
month warranty.

The Jupiter Ace is available only by mail order.
Please allow up to 28 days for delivery.

Send,cheque or postal order with the form to:-
JUPITER CANTAB. 22 FOXHOLLOW

BAR HILL. CAMBRIDGE CB3 8EP

Technical Information
Hardware

Z80A running at 3.25 MHz.
8K bytes ROM
3K bytes RAM

Keyboard 40 Moving -key keyboard with auto repeat on every key and
Caps Lock.
Screen Memory mapped 32 column x 24 line flicker -free display with
upper and lower case ascii character set.
Graphics Chunky graphics (64 x 46 pixels) may be plotted. unplotted
or over -plotted (XOR operation). Also, the entire character set (128
characters and their video inverses) may be redefined allowing intricate
shapes to be drawn with a resolution equivalent to 256 x 192 pixels.
Sound Internal loudspeaker may be programmed to operate over the
entire audio spectrum.
Cassette Programs and data in the compact dictionary format may be
saved, verified. loaded and merged. Blocks of memory can be saved.
verified, loaded and relocated. All tape files are named. Running at 1500
baud, the Ace will connect to most portable tape recorders.
Expansion Port Contains D.C. power rails and full 280 Address, data
and control signals. May be used to connect extra memory and other
peripherals. IN and OUT words allow port -based peripherals to be
addressed.
Data Structures Integer, Floating point and String data may be held
as constants, variables or arrays with multiple dimensions and mixed
data types. There are no restrictions on navnes.
Control Structures IF -ELSE -THEN. DO -LOOP DO -*LOOP,
BEGIN -WHILE -REPEAT, BEGIN -UNTIL, all may be mixed and nested
to any depth.

The Jupiter Ace closely follows the FORTH 79 standard with extensions
for floating point. sound and cassette. It has a unique and remarkable
editor that allows you to list and alter words that have been previously
compiled into the dictionary. This avoids the need to store screens of
source. allowing the dictionary itself to be saved on cassette.
Comprehensive error checking removes the worry of accidentally
crashing your programs.

Nom Imp vim
ORDER NOW! Please send me:-

 JUPITER ACE MICROCOMPUTER(S) @ £89.95.

Name. Mr/Mrs/Miss I t

Address

J t I 1

I I I

1
I I 111111111111

I I IEE

I I

Designed by
Jupiter Cantab
Computer Designers
Steven Vickers and Richard
Altwasser played a major
role in creating the
ZX Spectrum and then
formed Jupiter Cantab to
develop advanced ideas in
personal computing. The
Ace is the result, another
all -British computer to lead
the world.
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ENFIELD ELECTRONICS
q 7

3o

This 3i inch super horn (Flush
Flange) piezo ceramic tweeter
converts electrical energy into
acoustic energy at an efficiency
in excess of 50%, a level not
possible with any other type of
loudspeaker. Economy is added
to high efficiency by the elimina-
tion of crossover networks,
because the unit rejects low
frequency power. It has a high
impedance of over 1,000 ohms at

I kHz and 20 ohms at 40 kHz and
it presents no added load to the
amplifier.
A Super Special Offer of L4.65

Order No L052

WHEN ORDERING, PLEASE ALLOW 11

1 Digital Multitester
Portable 32 digit compact -sized multi -
tester. Incorporates latest IC and display
technology achieves lowest possible
component count.
General spec.: operating temperature
0°C -50"C, storage temperature -IWC to
50°C, input impedance 10 megohms (DC/
AC voltage), polarity-autopolarity (-)
sign when minus.
Complete with carrier case. L44-50.
Order No. KD 556.

For up to the minute
prices please ring: -
01 -3464873.
Please add If VAT

LI -0(1 p & p per
item ordered.

DAYS FOR DELIVERY.

High Velocity Super H -Fidelity 10"

Stereo Headphones
with std super thin diaphragm. Incredibly
light -luxurious comfort. Specs: Sen-
sitivity 103DB at 1,000HZ, Frequency
Range 20-20,000HZ, Maximum Input
200MW. Ultra light -weight -only Soz.
less chord. Complete with 10ft coil cord.
Only E495 Order No. LE 720.

Universal NI -CAD, battery charger. All
plastic case with lift up lid. Charge/Test
switch. LED indicators at each of the five
charging points.
Charges:- PP3 (9V), U12 (I -5V penlite).
Ull (1.511"C"), U2 (I .51/ "D"), Power: -
220 -240V AC, Dims:- 210 100 . 50mm.
Knock down price only while stocks last.

only E6.00
Order No. MW 398

Altai Multitester & Transistor Tester
DC volts 0-1v-Sv-2.5v-10v-S0v-250v-1000v ± 3%

.4 AC volts 0 -10v -50v -250v -1000v *3%
DC current 0-50uA-2.5mA-25mA-0.25A
Resistance:
Minimum 0.2-2-200-200k ohms
Midscale 20 -200 -20k -200k ohms
Maximum 2k -20k -2m -20m ohms
As a transistor tester
Leakage current 0-150uA at Xlk range

0-15mA at X10 range
0-150mA at XI range

Price £14.95
Order No YN 360TR Order No. MHD-3

IDEX
stereo headphone

Sensitivity 98dB at
I kHz with I mw.
Frequency response
20-25,000 Hz. Im-
pedance 35 ohms. 19
Maximum input 0.4
watts. 7ft cord with
3.5 stereo phone
plug.

Price L7 - SO

AS YOU HAVE SEEN FROM OUR PREVIOUS ADVERTISEMENTS, WE STOCK A VAST RANGE OF PRODUCTS -GIVE US A RING FOR
`YOUR NEEDS -WE STOCK EVERYTHING FOR THE ELECTRONICS ENTHUSIAST AT VERY COMPETITIVE PRICES.

208 Baker Street, Enfield, Middlesex.
01-366 1873.

BARG AWARD

EUROPA ELECTRONICS
Mail Order to: 160 High Road, Willesden Green, London NW10.

Tel: 01-459-2480

(PL
VOLTAGE REGULATORS

ASTIC) TO220
5V 1A 7805 40p

12V 1A 7812 40p
15V 1A 7815 40p
18V 1A 7818 009
24V 1A 7824 40p

l 7905 45P
I 7912 45.

7915 45n-7918 45.
7924 45p

TRANSIS
TORS

AD161 42p
A DI62 42p
BC107 10p
BC108B 12p

4000

4000 10p
4001 10p
4002 12p
4006 sop
4007 14p
4008 36p
4009 24p
4010 24p
4011 11p
4012 16p
4013 20p
4014 45p
4015 40p
4016 20p
4017 32p
4018 45p
4019 25p
4020 48p
4021 40p
4022 45p
4023 13p
4024 32p
4025 13p
4026 80p
4027 20p
4028 40p
4029 05p
4030 15p
4037 110p
4038 1109
4040 40p
4041 40p
4042 40p
4043 40p
4044 40p
4045 105p

CMOS
4046
4047

SOP
45p

4048 50p
4049 24p
4050 2.4051
4052 609:"
4068 "
4069 149
4070 i4;;
4071 14p
4072
4073 149
4075
4076 40

4077
4078 169
4081 4,
4082 '''
4086 55.
4089 125
4093 24.
4094 .p,..

4095
.7';',.,'

4096 ..,0"p

4501
4502
4503 642',..

4504 70r,
.,0"04506 .;',.,4507 IT'4510

.4511
4512
4518 r.,
4520 ;?,,...-'

TTL
74 74LS

Series
7400 119 Ilp
7401 1Ip 11p
7402 11p 11p
7403 12p 12p
7404 12p 12p
7408 14p 12p

7410 14p 13p
741170

7412 20p 12p
7413 20p 25p
7414 20p 30p
7420 16p 13p
7427 22p 129
7428 zap 14p
7430 15p 12p
7447 35p 35p
7448 40p 45p
7450 16p ISP
7474 20p 16p

5

77447;1131' gra
7485 60p 48p
7490 25p 28p
7491 35p asp
7492 25p 32p
7493 259 23p
7494 35p -
7495 35p 40p
7596 40p 909
74107 22p 45p
74121 27p -

40p 36p
74123 40p 38p
74160 60p 40p

489 40p
74162 48p 40p
74163 48p 40p
74164 48p 45p
74165 48p 60p
74166 48p 52p
74190 50p 36p

50p 369
74192 500 109
74193 50p 369
74194 45p 36p
74195 46p 36p
74196 46p 60p
74197 46p 48p
74365 40 32n

P -
74366 00p 32p
74367 40p 32p
74368 509 50P
74390 99p 46p_,,, .

''P P74490 120p 200p

Retail Shop: North Parade Electronics, 12 North Parade,
Mollison Way, Edgware, Middlesex.

Send for a free list of our large range items.i9.
OPTO ELECTRONICS
2N577 45p

ORP6O
12

OCP71 tsop 120.
ORP12 120p TIL78 55.

BC109 10p
BC109C 12p
BC177 16p
Bc178 16p
BC179 20p
BC182L 10p
BC183L 10pof

Post & Packing: Add 50p to all orders under £5.
VAT: All UK orders add 15% to total cost including p. & p.
All devices are new, full spec and guaranteed.

LEDS 3,,
Red 11p
Green 14p
Yellow 14p

gipp-i inclup.

clip
12p
14p
14p

BC184L 10p
BC212L 10p
BC213L 10p
BC214L 10p
BC547 12p
BC548 12p
BC549C 14p
BC556 15p

ELECTROLYTIC CAPACITORS
(Axial 0. Radial) Values in uf.
63V: 1, 2 2, 3.3, 4 7, 6'8, 10 6p; 15, 22, 33 Op.

SCRs
Thyristors

TRIACS
3A/100V 48

7 Segment Displays
TIL321 tiSp DL704 99.
TIL322 115p DL70728:' '

BC557 15p
BC558 15p
00559 15p
BEY50 23p

25V, 47, 10089; 220, 33012p.
16V: 47014p; 1000 20p.
10V: 100015p; 220025p.

5A/400V 40
5A/600C 49
8A/300V 60

3A/400V 56
8A/100V 60
8A/400V 69
8A/800V 115

DIODES BRIDGE
0A47 Ilp RECTIFIERS
0A90 9p 1A 50V igp

BFY51 23p
BFY52 23p
TIP29A 32.
TIP30A 35.

POLYESTER CAPACITORS (Radial Lead) 250V.
10n, 15n, 22n, 33n, 47n 6p; 68n, 100n $p; 150n, 220n, 330n
'10P: 470n 15p; 680n 20p; 1000n 25p.

8A/400V 75
8A/1300V 98
2N4444 130
2N5062 32
2N5064 35

12A/100V 78
12A/400V 82
12A/800V 135
16A/100V 103

0A91 9p
0A200 9p
0A202 9p
1N914 4p

1A 100V 20,
IA 400V 25 ,
2A 100y30p
2A 400V ,

TIP3I A 38p
TIP32A 38p
TIP33A 65p
TIP34A 74.
T1P41 A 50p

MYLAR FILM CAPACITORS (Radial Lead) 100V
1n, 1n5, 2n2, 3n3, 4n7, 608.100 $p; 15n, 22n, 33n, 47n Sp.

BT106 150
C108D 38
TIC44 24
TIC45

16A/400V 105
25/4/400V 185
25A/800V 295
25A/1000V 430

1N916 7p
1N4148 4p
1N4001 Sp
1N4004 Sp

2ENER74122
DIODES
2-7-33V

TIP42A 55p
TIS43 329
2N2646 45p

LINEAR
741 14p
748 36p
CA3019 110p
CA3046 70p
CA3048 220p
CA3059 285p
CA3060 250p
CA3080E 72p
CA3086 48p
CA3130E 90p
CA3130T 110p
CA3140T 90p
CA3140E 50p
CA3160E 100p
CA3161E 150p
CA3162E 450p
CA3189E 3009
CA3240E 1109
CA328,0G 200p
LM301A 25p
LM310 120p
LM311 70p
LM318 150p

IC's
LM319 2

LM324 10
LM334Z 90
LM335Z 140
LM339 50
LM348 65
NE531 140
NE544 150
NE555 16
NE556 45
NE564 420
NE565 120
NE566 155
NE567 140
NE570 410p
NE571 400
NE592 609
NE5534P 110
N E 5534 A P

1209
TBA810 95'"""
TB A820 80.
ZN423 135p
ZN425E 350.

CERAMIC CAPACITORS 50V. (Radial Lead). T1C47 3529gp30A/400V 52
T283300 12

1N4007 7p 400vrW741612N2904 28p
2N2905 26p

220f -47,0000f E12 Values 4p each. 2N2906 26p
2N2907 26.

POTENTIOMETERS:
Carbon track, 0.25W log 6 linear
5K -2M single gang 30p
5K -2M single gang D/P switch 78p
5K -2M dual ...,

SWITCHES Special
Slide IA
DPDT 14p offer

DIL SOCKETS
Low Profile

Op I 20 pin2N3702
740 0p10, 10p I 24 pin 2

22.74191
16 pin 10p 40 pin n

-

2N3053 26p
2N3055 489

10p
2N3703 10.
2N3704 10p
2N3705 10p
2N3706 10.gang stereo '''" DPDT c/ofl iSp 2N3707 10p

PRESET POTENTIOMETERS
Horizontal ,S, Vertical

0- 1W 100R-1 Meg 7P() 25W 100R-1 Meg 10P

for Xmas
Subminlature Toggle
SPST on/oli 54p free 10p
SP clover 609
DPDT

759 resistors

VEROBOARDS Olin
clad plain

,

21 31' 739
2> - 5" 83p -
31 . 31"

339 -
2N37013 10.
2N3709 10p
2N3819 22p
2N3903 15 
2N3904 159
2N3905 15.

RESISTORS 5% Carbon Film
E12 values.

0-25W 1R-5MI 1p
0.5W 1R -5M1 1-5p

DPDT c/011 M5

Push Button for £1
Push to Make 11p purchase
Push to Break 25p

3! 5" 959 9.
31 , 17" 325p 211.
4; 18'' 425p -Pkt of 100 pins
Spot face cutter 118,
Pin insertion tool 162.

2N3906 15p
2N5457 30p
2N5458 30p
2N5459 30.
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SUPER HI -Fl SPEAKER
CABINETS
Made for an expensive HiFi outfit
- will suit any decor. Resonance
free. Cut-outs for 615" woofer and
TX" tweeter. The front material is
Dacron. The completed unit is most
pleasing. Supplied in pairs, price
£6.90 per pair (this is probably less
than the original cost of one
cabinet) carriage £3.00 the pair.

GOODMANS SPEAKERS
67" 8 ohm 25 watt £4.50. 2b" 8 ohm
tweeter. £2.50. No extra for postage if
ordered with cabinets. Xover £1.50.

UNIVAC KEYBOARD BARGAIN
50 keys together with 5 mini-
ature toggle switches all
mounted on a p.c.b. together
with 12 i.c.'s many tran-
sistors and other parts.
£13.50 1- £2.00 post.
This is far less than the
value of the switches alone:
Diagram of this keyboard
is available separately for El.

VENNER TIME SWITCH
Mains operated with 20 amp switch, one
on and one off per 24 hrs. repeats daily
automatically correcting for the lengthen-
ing or shortening day. An expensive time
switch but you can have it for only E2.95.
These are without case but we can supply
a plastic base £1.75 or metal case £2.95.
Also available is adaptor kit to convert
this into a normal 24 hr. time switch
but with the added advantage of up to
12 on/offs per 24 hrs. This makes an

ideal controller for the immersion heater.
Price of adaptor kit is £2.30.

THERMOSTAT ASSORTMENT
10 different thermostats. 7 bimetal types and 3 liquid types.
There are the current stats which will open the switch to protect
devices against overload, short circuits, etc., or when fitted say
in front of the element of a blow heater, the heat would trip
the stat if the blower fuses: appliance stets, one for high temp-
eratures, others adjustable over a range of temperatures which
could include 0 - 100°C. There is also a thermostatic pod which
can be immersed, an oven stat, a calibrated boiler stat, finally an
ice stat which, fitted to our waterproof heater element, up in the
loft could protect your pipes from freezing. Separately, these
thermostats could cost around £15.00 - however, you can have
the parcel for £2.50.

TREMENDOUS OFFER!
Your Chance of a lifetime

We have to clear a big store. 100 tons of stock must go. 10
kilo parcel of unused parts. Minimum 1,000 items includes
panel meters, timers thermal trips, relays, switches,
motors drills, taps and dies, tools, thermostats, coils,
condensers, resistors, etc. etc. Individually these must
cost in excess of £100.

YOURS FOR ONLY £11.50 plus £3.00 post..

EXTRACTOR FAN
Mains operated - ex -computer
5"VVoods extractor 4" x 4" Muffin 115v.

£5.75, Post £1.25. £4.50. Post 75p.
5" Plannair extractor 4" x 4" Muffin 230v.

E6.50. Post £1.25 £5.75. Post 75p.

TSEAT BELT REMINDER
Buzzer sounds when you switch on ignition - stops when you
handle seat belt - Complete kit £3.00.

r . 4
4 (1 4 .125', 7;

8 POWERFUL
BATTERY MOTORS
fall different)
For models, maccanos, drills,
remote control planes, boats,
etc. £2.95.

INSTRUMENT BOX WITH KEY
Very strongly made (ply -wood sides with hard board top and
bottom). This is black grained effect, vinyl covered, very pleasing
appearance. Internal dimensions 12Yr" long, 4'4" wide, 6" deep.
Ideal for carrying your multi range meter and small tools and for
keeping them in a safe place. £2.30. Post paid if ordered with
other goods, otherwise E1.00.

COMPUTER DESK
Size approx 4'x 2'x 2'6" high. These
were made for hard work, the top
being formica covered. Suitable for
housing instruments or for use as
office desks. Beautifully made, these
cost over £100 each, our price only
£11.50 each, however, you must
arrange to collect.

MINI MONO AMP on p.c.b., size 4"x 2"
approx. Fitted volume control and a hole
for a tone control should you require
it. The amplifier has three
transistors and we estimate
the output to be 3W rms.
More technical data will be
included with the amplifier.
Brand new, perfect condition,
offered at the very low price of
£1.15 each, or 10 for £10.00.

TERRIFIC
VALUE KITS !

3 CHANNEL SOUND TO LIGHT KIT

lao04,41a
Complete kit of parts fora three channel sound to light unit
controlling over 2000 watts of lighting. Use this at home if you
wish but it is plenty rugged enough for disco work. The unit is
housed in an attractive two tone metal case and has controls for
each channel, and a master on/off. The audio input and output
are by '4" sockets and three panel mounting fuse holders provide
thynstor protection. A four -pin plug and socket facilitate ease of
connecting lamps. Special price is £14.95 in kit form or E25.00
assembled and tested.

TANGENTIAL BLOW HEATER
2.5 Kw quiet,

efficient instant
heating from
230/240 volt
mains. Kit consists
of blower as
illustrated, 2.5 Kw
element, control switch and data all for £4.95. post £1.50.

CAR STARTER AND CHARGER KIT
In an emergency you can start car off mains or bring your
battery up to full charge in a couple of hours. The kit corn.
prises'. 250 watt mains transformer, 40 amp bridge rectifier,
start/charge switch and full instructions. You can assemble this
in the evening, box it up or leave it on the shelf in the garage,
whichever suits you best. Price E12.50 + £3.00 post.

6 WAVEBAND SHORTWAVE RADIO KIT
Bandspread covering 13.5 to 32 metres. Based on circuit which
appeared in Radio Constructor. Complete kit includes case
materials, six transistors and diodes, condensers, resistors, induct-
ors, switches, etc. Nothing else to buy if you have an amplifier to
connect it to or a pair of high resistance headphones.
Price £11.95.

MEDIUM & 2 SHORT WAVE CRYSTAL RADIO
All the parts to make up the beginners model. Price [2.30. Crystal
earpiece 65p. High resistance headphones (gives best results) £3.75
kit includes chassis and front, but not case.

TRANSMITTER SURVEILLANCE
Tiny, easily hidden but which will enable conversation to be
picked up with FM radio. Can be made in a matchbox - all
electronic parts and circuit. £2.30. (not licenceable in the U.K.)

RADIO MIKE
Ideal for discos and garden parties, allows complete freedom of
movement. Play through FM radio or tuner amp. £6.90 comp.
kit. (not licenceable in the U.K.).

FM RECEIVER
Made up and working, complete with scale and pointer needs
only headphones, ideal for use with our surveillance transmitter
or radio mike. £5.85. or kit of parts £3.95.

3 - 30v VARIABLE VOLTAGE POWER SUPPLY
UNIT
With 1 amp DC output, for use on the bench, students,
inventors. service engineers, etc. Automatic short circuit
and overload protection. In case with a volt meter on the
front panel. Complete kit £13.80

INTERRUPTED BEAM
This kit enables you to make a switch that will trigger when a
steady beam of infra red or ordinary light is broken. Main com-
ponents - relay, photo transistor, resistors and caps, etc.
Circuit diagram but no case. Price E2.30

IONISER KIT
Refresh your home, office, shop, work room, etc. with a
negative ION generator. Makes you feel better and
work harder - complete mains operated kit, case included
£11.95 plus £2.00 post.

RADIO STETHOSCOPE
Easy to fault find start at the aerial and work towards the
speaker when signal stops you have found the fault. Complete
kit £4.95.

MUGGER DETERRENT
A high -note bleeper, push latching switch, plastic case and battery
connector. Will scare away any villain and bring help, £2.50
complete kit.

MORSE TRAINER Complete kit for only £2.99.

DRILL SPEED CONTROLLER Complete kit for 0.95.

INVISIBLE AND SILENT SENTINEL
Ultra sonic beam when broken could warn you of visitor - two
complete kits - transmitter & receiver & relay, to operate light
or bell E9.50.

BURGLAR ALARM
Complete kit includes 6" external alarm bell, mains power unit,
control box with keyswitch, 10 window/door switches, 100 yards
of wire. With instructions £29.50.

J. BULL (Electrical) Ltd.
(Dept. EE), 34 36 AMERICA LANE,

HAYWARDS HEATH, SUSSEX RH16 30U
Established
30 YEARS

MAIL ORDER TERMS: Cash, P.O.or cheque with order. Orders under
E10.add 60p service charge. Monthly account orders accepted from schools
and public companies. Access & Barclaycard orders phone Heywerds flea.
(0444( 454563. Bulk orders: Write for Quote. Delivery be return.

Shop open 9.00 - 5.30, mon - friday.

STEREO HEADPHONES
Very good quality. 8 ohm, padded,
terminating with standard '4"
jack plug. E2.99 plus 60p post.

-TIME SWITCH BARGAIN
Large clear mains frequency controlled clock,
which will always show you the correct time
I start and stop switches with dials. Corn-

) plete with knobs FOR ONLY £2.50.

ROPE LIGHT
4 sets of coloured lamps in translucent plastic tube arranged to
give the appearance of a running or travelling light. With variable
speed control box, ideal for disco or shop window display.
Complete, made up, ready to plug into mains. £36.00 -+ £2 post.

ZX81 OWNERS
Make yourself a lull
size keyboard! Key
switches complete with
plain caps. 6 for £1.15.
Easily divisible,

c DELAY SWITCH
Mains operated - delay can be
accurately set with pointers knob
for periods of up to 2b hrs. 2
contacts suitable to switch 10 amps
- second contact opens a few
minutes after the 1st. E1.95.

ROTARY WAFER SWITCHES
5 amp silver plated contacts. X" shaft. 1" dia. wafer.
Single wafer types, 29p each, as follows
1 pole 12 way 2 pole 6 way 3 pole 4 way
4 pole 3 way 6 pole 2 way 4 pole 3 way
Two wafer type, 59p each, as follows
2 pole 12 way 4 pole 5 way 4 pole 6 way
6 pole 2 way 8 pole 3 way 12 pole 2 way
3 wafer types 99p each,
9 pole 4 way 6 pole 5 way 6 Pole 6 way

12p 3 way 18p 2 way

LEVEL METER
Size approximately '4" square.
scaled signal and power but cover
easily removable for resealing.
Sensitivity 200uA. 60p

WATERPROOF HEATING WIRE
60 ohms per yard, this is a heating element wound on a fibre glass
coil and then covered with p.v.c. Dozens of uses - around water
pipes, under grow boxes in gloves and socks.

COMPUTER PRINTER FOR ONLY £4.95
Japanese made Epson 310 - has a self starting brushless drive motor.
Complete with electronics - uses plain paper. Brand new with data.
ONLY E4.95 plus E1.25 Post.

12v MOTOR BY SMITHS
Made for use in cars, these are series
wound and they become more
powerful as load increases. Size
3X" long by 3" dia. These have
a good length of '4" spindle -
price £3.45.
Ditto, but double ended £4.25.
Ditto, but permanent magnet
& various spindle sizes £3.75.

STROBE LIGHT
Bright flash ideal for disco, speed variable 1 to 20 flashes per sec.
Mains operated - made up ready to work £14.95 -h £1.50 post.

EXTRA POWERFUL 12v MOTOR
Made to work battery lawnmower, this probably develops up to
'4 h.p., so it could be used to power a go.kart or to drive a
compressor, etc. etc. £6.90 £1.50 post.
(This is easily reversible with our reversible switch . Price £1.151.

GO KART MOTOR
24 Volt operated easily vary speed and reverse - terrific power.
Price E9.50 £1.50 post.

SPIT MOTORS
These are powerful mains operated
induction motors with gear box

el - .. attached. The final shaft is a '4" rod
r=1IT! with square hole, so you have °Item-

' alive couplingmethods - final speed
is approx. 5 revs/min, price £5.50. -
Similar motors with final speeds of
80, 100, 160 & 200r.p.rn. same price,

REVERSIBLE MOTOR WITH CONTROL GEAR
Made by the famous Framco Company this is a very robust motor,
size approximately 74" long, 3%" dia. 3/8" shaft, Tremendously
Powerful motor, almost impossible to stop. Ideal for operating
stage curtains, sliding doors, ventilators etc., even garage doors if
adequately counter -balanced. We offer the motor complete with
control gear as follows:

1 Framco motor with gear box 1 x 100w auto transformer
1 manual reversing and on/off switch 2 limit stop switches
1 push to start switch 1 circuit diag. of connections.
£19.50 plus postage £2.50.
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WATFORD ELECTRONICS
33 CARDIFF ROAD, WATFORD, HERTS., ENGLAND

MAIL ORDER, CALLERS WELCOME. Tel. Watford 4038816

ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED ORDERS
DISPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASHICHEOUM
P.O.. OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL
INSTITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY
WELCOME. PEP ADD 50p TO ALL CASH ORDERS. OVERSEAS ORDERS POST-
AGE AT COST. AIR/SURFACE. (ACCESS order@ by tIphon welcome).

VATExport orders no V.A.T. Applicable to U.K. Customers only. Unless stated otherwise
all prices are exclusive of V.A.T. Please add 15% to total cost including P A P.

W stock many more Rome. It pays to vinit us. W are situated behind Watford Football
Ground. Nearest Underground/SR Station: Watford High Street. Open Monday to
Saturday COO am -6.80 pm. Ample Free Car Parking pac available.

POLYESTER CAPACITORS: Axial lead type (Values are In nn
400V : I nF, tn6, 2n2, 303, 407, On8 11p1 10n, 15n, 18n, 22n 12p; 33n, 47n, 68n 180; 100n, 150n
201 220n 3001 3300 426; 470n 52p; 6800 550t Sip; 24(2 820 ; 407 85p.
180V lOnF, 12n, 100n 110; 150n, 220n 17p; 330n, 470n 3001 0800 380; 10F 42p; 1u5 40p; 292
lip; 497 Sip. 10011V: I nF 17p; 10nF 30p; 15nF lop; 22n 34p; 33n 42p; 47n, 100n 55p.

POLYESTER RADIAL LEAD CAPACITORS (211V)
lOnF, IOn, 22n, 2/n ilp; 33n, 470, Min, 100n 7p; 150n, 220010p; 330n,
470n 170; 680n lip; 10 23bil9640P1 2112 411P.

Teach -in 11 all parts
available.

ELECTROLYTIC CAPACITORS: (Values in /IF) SOOV: 10oF 52p; 47 786; 113V: 0.47,1.0.
1 5,2 2,3 3,4 789;1010p:15, 22129;33159;4712p; 6820p; 10019p; 220210; 100070p; 2200
99P; 50V: 68 20p; 100170; 220 24p; 40V 6 8, 15p; 22 9p; 33 12p; 330, 470 32p; 1000 48p; 2200
906; 25V: 1 5, 4 7, 10, 22, 47 tp; 10011p; 15012p; 220 150; 330 22p; 470 25p; 680, 1000 34p;
1500 42p; 2200 50p; 3300 7110; 4700 92p; 16V: 2.5, 40 Sp; 47 68, 1009p; 125 120; 22013p; 330

ii47E0N2r 6A8:k 3A4t1;71a 17:064U°:°232101(3 232: 31.-14 71:1911;1 ; ,P 701 245p. 50V: 22001109; 3300
154p. 40V: 4700 160p. 25V: 2200 90p; 3300 98p; 4000, 4700 Up; 10,000 320p; 15,000 345p.

TANTALUM Bead Capacitors POTENTIOMETIRS: (ROTARY)
35V: 0 1µ, 0 22, 0 33 19p; 047, Carbon Track. 0-25W Log & 0.11W
0 NE 1 0, 1 5 111p; 2 2, 33 111p; Linear Value.
4 7, 8 0 22p; 10 25p. t5V ; 2.2, 8000,1 Kan( (Lin. only) Single 30p
3 3 111p; 4 7, 6.8, 10 lip; 15 356; 51(-11 M D single gong 300
22 3001 33, 47 409; 100 75p. 11K -21A (2 single with OP switch 780
NV 15, 22 260 ; 33, 47 3.5p ; 100 55p. IIK-2 Mn double gang 890

MVLAR FILM CAPACITORS
INV: 1nF, 2n, 4n, 4n7, 10n lip;
11InF, 22n, 30n, '400, 47n 7p; 550,
100n, 200n Op. 4700/INIV

MINIATURE TYPE TRIMMERS
4-80, 2-10pF Xp; 2-25pF, 5415pF
NM; 10-118pF 35p.

COMPRESSION TRIMMERS
3-409F, 10-800F 20p; 20-250oF 28p;
100-5iOpF 311p; 400-12509F Up.

SLIDER POTENTIOMETER
0.28W to and linear values 60mm
SK ()-5000 n single gong 78p
106 0-5000 0 duel gang 11010
Salt Stick Graduated Bezels MP

PRESET POTENTIOMETERS
Vertical & Horizontal
0-1W 50 C1-5100 Miniature 7p
0-25W 100 C1-3  3M n Hertz lap
0-25W 200 C1-4 7M0 Vert lip

POLYSTYRENE CAPACITORS RESISTORS: Carbon Film, High
106P to 1nF Sp; 1 5nF to 12nF 10p. StabIll1Y,

Tele
Low Noise, Miniature
5%.SILVER MICA: 2pF, 3.3, 4 7. Rangefono. Val. 1-09 100+

11.5. 81, 10, 12, If, 18, 22, 27, 33. -4M7 Ett IP
39, 47, 50, 50, 68, 75, 82, 85, 100, w 202-4M7 Eli 11. 1p
IN, 150, 180 15p. 200, 220, 250, W 202-10M Eli fp 4p

NO, 820 21p. 1000, 1200, 1500, lye
2 Metal Film 100-1M fp 4p

Metal Film 510-1M So 110
1000 260. 3300, 4700 4100. 100+ price applies to Resistors of

each value not mixed.CERAMIC CAPACITORS: 50V LCD DISPLAYS0 MP to lOnF 4p; 22n to 100n 7p.
TOS 812 or 813 gas and smoke 131 DWI 4959

EURO BREADBOARD 4.5.14. I detector 575p. Socket for above Up.

OPTO
ELECTRONICS
LEDs plus clips
TIL209 Red 3mm 10
711.211 Grn 3mm 14
TIL212 Yellow 14
-2" Red 12

2"Yellow Glos. 14
Liquors LED 29
Triangle LED 18
OCP71 Its
ORP12 70
ORPO1
2N5777 45
7 Sag Displays
111.321 C An 0" 111
TIL322 C Cth 5" 111
DL704 C Cth 3" 11
D1.707 C.A. 3" 11
FNI:1351 or 500 IN
MANNA° 171
-3" Green C.A. 11
IL74

5ILD74 90
TIL82 Inf. Red 52
TILTS detector 54

85
TIL100
Bargraph Red.
Ten segment 221p

VOLTAGE REGULATORS SWITCHES
SLIDE WV: TOGGLE 2A 250VIA T03 +ve -ye330IA OPDT 14p SPST

5V 7805 1459 7005 2200 . . IA DP c/off. lip DPDT 449
iSV 7512 1459 7912 2209 tpeciat 0A DPDT lip 1111,111.MIN
11)./ 7818 I45p 7915 2209 Offer18V 7818 1450 - 200101.1

PUSH BUTTON SP changeover 8110
IA 10220 Plastic Casing RAM Latching or SPST on/off Hp

5V 7805 409 7805 459 for Momentary. DPDT 6 ta . 71p
1tV 7012 409 7912 45p BBC

MICRO SPST C/Over 99 p DPDT c/o 810
11V 7515 409 7015 45P 4816 AP DPDT C/Over 145p DPDT Blued 1450
18V 7815 40p 7918 4Sp
24V 7824 409 7924 459 120ns SWITCHES Miniature Non -Locking
110mA 1092 Plastic Casing E2 25 Push to Make 159 Push to Break 200

6V 781.05 30p 7I7L05 sop ROCKER: SPST on/off 10A 250V 210
IV 70L02 300 ROCKER: Illumlnted °PST
11V 7111.82 309 - Lights when on: 10A 210V Up

11V 781.12 30p 79L72 609 ROTARY: (ADJUSTABLE STOP) 1 polls/
ISV 78L15 30p 79L15 sop 2-12 way 2912-6W, 3p/2 -4W, 49/2-3W. 450

781105+5V/54 ROTARY: Maln 250V AC, 4 Amp lip
723 3E LM317P 99 556
CA3085 OS LM323K 500 78HG 5A +8V
LM305H 140 to +25V 599 IDIL SOCKETS (Low Profile - Texas)
LM309K 135 TAA650 56 79HG OA -2.25 8 pin 1191 14 pin 10p; 10 pin 10p; 18 pin 160;
1-M317K 229 TDA1412 160 to -24V Hip 10 pin 21/15; 04 pin Sip; MI pin 21p; 40 pin 300.

2)(111 18K RAM pack. DIODES
16K RAM Pack, Fully built & tested. 44119 n
Plugs straight on to your zxel. SA100 11

Only 417.35 BY1211 11
BY1117 11
CR033 296

We stock a wide selection of Com- OAI 411

peter ICs, Printers, Floppy Disc 0A47 I
Drives, BBC Micro upgrade Klte, 0470 I
Micro peripherals, Books etc. at was I
very competitive prices. 0481 1

049111 1

0490
DINCO COILS R1372 145p 0491
DP' VALVE TYPE RFC 5 140P 04911

Range 1 to 5 IL, RFC 7 (199-1H)1116 04101)
Rd., Yl. Wht.122p IFT 13; 14: 10; OMNI
6-7 B.Y.R. 1010 16;17 1296 NO14
16 Green 1569 IFT 18/1-8 1350 N11111

'T' 1 to 5 BI., YI., IFT 18/485 11126 N4001/2
Rd., Wht. 150p TOC 1 125p N4003
BOA Valve Holder MWOFR 122p N4004/5

6013 MW/LW 5FR 1546 04400517
N4148
944

VEROBOARDS 1" COPPER 3A/100V I
clad plain clad boards 3A/400V 1

4i

2 x 3r 1110p - Fibreglass 3A11100V 1

2 x 1" Sip - 6 x 6" Np 34/1000V30
x 37" 91p - 6 x 12" lillp 6A/400VS0p
x 5" I05p 87p S.R.B.P.
x 17" 3110p 232p 9.5 x 8 950
x 17" 470p - We stock aPkt. of 100 pins 511p Ferric Chlo-

Spot Face Cutter 135p ride 1 lb. wid selection
Anhydr. 1956 of Electronic

Pin Insertion Tool Rooks and
1716 Oslo Pen Np Magazinss

ZBNIRS
Rona* 1V7 to
31V 400mW

2, sash
Rano. SVB to
83V. 1 IIW

lip each

NOISE
Diode 190

O RISON
RECTIFIERS
141110V 11
1A/100V 20
141200V U
1A/400V 29
1A/000V
241110V
IA/200V 45
2A/400V 46
2A/600V 61
1A/100V 83
G A /400V 95
10A/200V 215
10A/100V 2118

25A/200V 215
25A/600V 395
B Y164 51
VM18 DIL SS

DIAC
3171 25

S CRs
ThyrIstore
5A/100V 41
14/1100V 48
141300V 56
8A/400V 71
84/1100V 95
12A/100V 78
12A/400V 85
12A/800V 181
15A1700V II/
2 444 130
2045042 32
111044

C10110 31
TIC.44 24
TIC.45 20
TIC47 35

TRIACS
34/100V 48
34/400V 14
SA/100V 10
SA/400V 41
S A/100V 115
1/A1100V 78
12A/400V 82
12A1800V 135
10A/100V 103
16A/400V 105
25A/400V 155
25A/800V loi
25A/1000V NO
30A/400V 525
T280000 120

TTL T4 74141 55
74142 175

7401 11 74143 210
7402 11 74144 210

7403 12 74145 50

7404 13 74147 75
7405 1$ 74148 60
7406 20 74150 50
7407 20 74151 40
7408 14 74153 40
7409 14 74154 55
7410 14 74155 40
7411 11 74156 40
7412 111 74157 30
7413 111 74159 00

7414 20 74160

1
7416 20 74161
7417 24 74162 40
7420 15 74163 40

7421 20 74164 40

7422 20 74165 48
7423 21 74166 48
7425 22 74167 150
7426 22 74170 125
7427 22 74172 250
7428 25 74173 60
7430 14 74174 54

7432 20 74175 19

7433 22 74176 40

7437 25 74177 45
7438 18 74178 80
7440 IS 74179 80
7441 SS 74180 44
7442 32 74181 50

7443 14 74182 62
7444 90 74184 90
7445 55 74185 95
7446 74188 250

35 74190 48
7448 40 74191 46
7450 10 74192 46
7451 14

74LS7453 16
7454 16 LSOO 11
7460 II LSO1 11

7470 36 LSO2 11

7472 24 LSO3 12
7473 24 LSO4 12
7474 20 L905 13

7475 25 LSO8 12
7476 25 LSO9 12

7480 40 LS10 13

7481
7482
7483
7484
7485
7486
7489
7490
7491
7492
7493
7494
7495
7496
7497

128
05
311

711

60
211

170
29

1:
25
35
35
35
90

gi1;
LSI3
LS14
LS15
LS20
LS21
LS22
LS26
LS27
LS28
LS30
LS32
LS33
LS37

13
12
20
26
13
13
12
12
14
12
14
12
13
14
14

74100
74104
74105
74107
74109

60
SO
55
20
25

LS38
LS40
LS42
LS47
LS48
LS49

15
13
25
35
45
SO

74110 35 LS51 14
74111 55 LS54 14
74112 170 I.555 14
74116 SO LS63 120
74118 55 1.571 13
74110 60 LS74 II
74120 80 LS75 20
74121 25 LS76 18
74122 35 LS78 15
74123 35 LS83 36
74125 35 LS85 42
74126 35 LS86 16
74128 35 LS90 24
74132 28 LS91 60
74138 28 LS92 32

Transistors
AC125/6 35
AC127/8 35

AC141/2 30
AC176 28
ACY17118 79
A CY19/20 75
ACY21/22 75
AD181/2 42
AF118 90
AF139
AF178 75
AF239 55
15C107 Is
BC107B 12

BC108 111

BC105B 12
BC108C 12
EIC109 16
BC109B 11
BC109C 11
BC117/8 20
BC140 31
BC141/3 SS
13C147/ I
BC148C 11
BC149 9
BC1S3/4 27
BC157/8 10
BC159 11
BC160 46
BC161/8 15
EIC189C II
BC170 16
BC172/3 11

BC177/8 16
BCI 79/81 20
BCI82/3 10
BC184 15
BC182L 10
BC183L 10
BC184L 10
BC186/7 26
BC212/3 19
BC212L 10
BC213L 10
BC214 10
BC214L 10

I -S93 23
LS95 40
LS96 95
LS107 40
LS109 23
LS112 22
LS113 16
LS114 22
LSI22 31
LS123 36
LS124 90
LS125 24
LS126 25
LS132 SS
LS133 30
LS136 24
LS138 25
LS139 29
LS145 76
LS151 411

LS153 49
LS155 30
LS156 40
LS157 27
LS158 30
15160 32
LS161 35
LS162 3S
LS163 35
LS184 40
LSI65 50
1$188 52
15170 70
LS173 55
LS174 50
LS175 10
LS181 90
LS183 180
LS190 36
LS191 36
LS192 X
LS193 37
LS104 33
LS195 33
LS196 45
LS197 45
LS200 275
LS221 55
LS240 55
LS241 55
LS242 55
LS243 55
LS244 55
LS245 79
LS251 32
LS253 32
LS257 30
LS258 3S
LS259 SS
LS261 100
LS261) 18
LS273 54
L5275 125
LS279 30
LS280 90
LS283 40
LS290 51
LS293 MI
LS295 75
LS298 SO
LS299 150
LS323 160
1-5365 28
LS366 32
LS387 21
LS373 60
LS374 65
LS375 58
LS377 ES
LS378 SO
LS379 118
LS390 44
LS393 42
LS688 125
LS689 120
LS870 100
LS673 5511

CMOS
4000 10
4001 10
4002 12
4006 50
4007 14
4008 32

24
24
10

::?:
4011
4012
4013
4014
4015
4016
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030
4031
4032
4033
4034
4035
4036
4037
4038
4039
4040
4041
4042
4043
4044
4046
4047
4048
4049
4050
4051
4052
4053
4054
4055
4056
4060
4063
4068
4068
4069
4070
4071
4072
4073
4075
4076
4077
4078
4081
4082
4085
4086
4089
4093
4094
4095
4096
4097
4098
4099
4411
4412
4501
4502
4503
4517
4508
4510
4511

12:

46
4D
20
32

1:
42
40
40
13
32

20
39
45
IS

125
80

125
140

45
275
110
110
290

40
40
40
40
40
45
40
40
25
25
45 LC7137
60 ICM7215
SO ICM7224
85 1CM7555
15 LA3350
85 LA4031P
45 LA4032
85 LC7120
24 LC7130
14 LC7137
13 LF347
13 LF351
13 LF353
13 LF355
13 LF356
13 LF357
46 1.1110
13 UA301 A
15 MOST
13 LM311H
13 1.14318
50 LM324
52 LM334Z

125
20 LM339
70 LM348
75 LM349
70 LM358

190 LM377
75 LM379
75 LM380

690 LM3.81N
790 LM382

20 LM384
60 LM386

4512 42 LM394CH 299
4514 125 1.M39)9N 55
4515 125 LM3 125911
4516 65 1.443911 200
4518 40 LM3915 355
4519 30 1.443916 250
4520 70 LM13600 110

MC1303 la
MC1304P 250
t.

LINEAR IC's 4401488 55

1511

55
702
709C 8 pin

55

55

741 8 pin733

45 MC1496L
741 42319353121

310

255
70710.

7538747C

in 55 MC3340
748C 8 pin 35 MC3401

120
90

105 MC3403
95
75

810 159
212111:3002: .74 MMFCC3480540

95 150
75

2715-5V

NE5534
2252708 ", NE543
210

4115-15004
NE544

ig NE555 15
4111-20014

NE5560
111
456118-1500 39r7:

NE

AV -5-1230 450 NE561 395
4Io NE582 10CA3011

120
420

CA3014

iCA301'2 NE564

155CA3018 56 NE556
N NE557 145CA3019

210 NE57
410
400

225

CA3023

70 SAB3209 425

69

C

SR 5C840183 6 D

CCC AAAA 3 03°33g 9884 9°60 EAE

215 SAB3210 325
0 371 SG3402 295

S4276023 350
CA3130

466 S47766:870 400' 250
CAA311:00 0

" 7SAP86712290
ON
150

ICL8038CC

TBA120

305 TA7204

7.4: TA7222
...: TA7310
..

150
200

10

150
150

335

91

711

30
300 TDA810 95
340 TBA820 80
395 too15 TDA1004

TDA1008 30
TDA1022 499
TDA1024 115
TDA1490 325

SOS

40
98

295

24
105

24
go TL0133CN 75

128 TL084CN 90

94
115
150
175
450

75
145
115
148
N

35 LM387 119
35 LM389 05

130 LM1458 35
LM2917 195

45 LM3900 50

UA2240 120
UAA170 175
UPC575 350
UPC1182 330
UPC1156H 290
UPC1366 195
UPC1025H 375
XR2206 304
Z8OACPU4M 300
ZN414 00
ZN423 138
ZN424 130
ZN425E 345
ZN426E 3011

ZNIO34 200

B C236 10
BC237/8 14
BC30713 15
BC3088 16
BC327/8 15
B C441 34
BC461 34
BC477/8 10
BC516/7 45
8C547/8 12
1110549C 14
B C457/8 IS
SC589 111

BCY70/71 IS
BCY72 24
130131/2 46
50133 MI
liD135 49
50135/7 411

B D1311/9 441

111)140 40
8D144/5 1111

80517 7S

130895A 125
B 0896A 125
BF115 35
11F1117 29
6E177 25
13E178 30
6E180 Si
6E194/5 12
BF11115/7 12
BF198/9 15
BF200 30
BF224 25
BF244/5 25
BF244B 30
BF256 35
5E257/8 3i
BF259
BF274 :2
BF336 40
BF451 35
BF594 30
BFR39/40 23
BFR41179 23
BFR80/81 25
8FR98 105

BFX29/84 23
BFX85/1311

BFX87/8 28
SFV50 23
BFY5I/52 23
EIFY56 32
15FY64 35
BFY81 1211

BRY39 40
BSX20 20
B SYO5A 25
BU105 170
B U205 IN
BU208 206
MJ2955 70
MJE340 54

MJE370/71 1111
MJE2955 99
MJE3055 79
MPF102 40
MPF103/104 30
MPF105 30
MPF106 10
MPSA05 25
MPSA05 25
MPSA12 32
MPSA 55 to
MPS A 56 30
MPSA 70 30
MPSU013 SS

0C23/25 1711
0C28 2211
0C35/36 220
0C41/42 75
0C44 75
0C45 40

0070/71 10
0072/74 58
OCT5/76 SO

°C81/82 SO

0083/84 40
0C170/1 SO

0C200 50
TIP29A 12
TIP29C Si
TIP30A 35
TIP30C 37
TIP31A 30

TIP31C
TIP32A
T1P32C
7IP33A
TIP33C
T1P34A
TIP34C

37
38
42
65
78
74
II

214897
204/598

214699
21.006A
2N708
204118
2041131 2

TIP3SA III 2041303
TIP35C 128 2N1304/5

TIPNIA
T1PNC

131
140

2N1611B
2N2219A

TIP41A
TIP4IB

50
52

2N2220A
2N2221A
2N2222ATIPI2A SS 2N2369A

TIP42B 58
2422046

TIP120 71 2042904/5
TIP121 73 2N2906A
TIP141
TIP142

105
195 2042906/7

2N2925G
TIPI47 120 2043053
TIP2955 2043054
TIP3055
TIS43
TIS44/45

N
32
45

2043055
2043442
2043663TISNA

TIS90
TIS91

50
31
32

2043702/3
2N3704/5
2N3700/7
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ZTX107/8 11 2043820
ZTX100 12 2N3022/3
ZTX300 13 2043866
ZTX301 '2 15 2N3903/4
ZTX303 25 2043905/6
ZTX304 17 2044037
ZTX314 25 2044058
ZTX320/6 30 2N4081/2
ZTX500 14 2N4427
ZTX501/502 15 2044859
ZTX503 18 2044871
ZTX504 25 2045172
ZTX531 25 2045170
ZTX550 25 2045101
2N696 30 2045305
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65
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211
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45
28

26
16
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1

10
10
10
1

10
176
115
216

22
38
45
la
38
15

18
10
66
76
S5
15
45
75
24

2045457/8 30
2NS459 30
2N5485 10
2040042 750
2N5777 45
2046027 22
2SA636 250
2SA671 250
2SA715 50
23C495/6 70
2SC1679 190
28C1000 115

2SC1162 30
2SC1172 125
2SC1173 121
2SC1061 250
2SC1306 100
2SC1307 150
2SC1449 85
2SC1678 1411

2SC1023 05
2SC1945 221
2SCI953 98
2SC1957 II
2SC1989 140
2SC2028 85
2SC2029 2111

2SC2078 170
2SC2011 16
2SC2314 85
2SC2314 85
2SC2547 30
2SC1079 les
2SD234 75
2SK45 90
2SK2118 225
2SJ83 225
2SJ85 225
3N125 III
304140 112
4031 SS
40361/2 79
40408 95
40411 280
40467 95
40594 90
40603 90
40673
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ELECTRONIC HOBBIES FAIR

WHEN
THIS issue Of EVERYDAY ELECTRONICS appears the Electronics

Hobbies Fair will already be in full swing. Even so, there is
probably time to alert the new or casual reader to what promises to
be the greatest exhibition of its kind ever staged in the UK.

The Electronic Hobbies Fair runs for four days: Thursday 18th through
to Sunday 21st November. The venue is Alexandra Pavilion-a unique
and remarkable structure first opened in December, 1981. It is set in
the midst of beautiful parkland on a high prominence in North London.
British Rail are offering special rate return tickets inclusive of admission,
and these can be obtained from main line stations throughout the UK.
A free bus service operates between the Alexandra Palace BR station and
the exhibition complex. The London Underground station Wood Green
on the Piccadilly Line is nearby.

Inside the Alexandra Pavilion visitors will have much to explore
among the stands occupied by component and equipment suppliers and
other traders. There will be names familiar to readers of this magazine,
also some perhaps not so well known, but all catering for the needs of
the hobbyist, whatever his or her particular field of interest.

Visitors will find the EVERYDAY ELEernoNics stand and those of our
fellow sponsors Practical Electronics and Practical Wireless in the
rotunda located towards the back of the hall. Don't fail to look us up.

Encircling the rotunda are a score or more stands housing a variety
of special attractions. These include displays by well-known amateur
organisations devoted to particular aspects or applications of electronics.
In contrast to this mix of essentially hobbyist activity the Royal Signals
add an impressive and highly professinal display of the modern
army's communication equipment (and specialist personnel) while
several commercial organisations provide demonstrations of exciting
developments, including reception of USSR TV via satellite, electric
cars and holography.

A further link between the hobbyist area and the electronics industry
is well illustrated at the SEDAC stand, where this year's prizewinning
projects designed and built by school pupils are on display. The
generosity of our co-sponsor Mullard Ltd., has resulted in doubling the
value of prizes for the 1983 Schools Electronic Design Award Competition.
In order to allow visiting school children or teachers who might not
have been previously aware of this national competition, the closing
date for registration has been extended to December 15th, 1982. The
absence of school girls from the previous contest finalists has been
remarked upon before. May we now urge members of the fair sex to
show that electronics is not exclusively for males, by submitting their
entries in strength this time!

Readers' Enquiries
We cannot undertake to answer readers' letters requesting modifications,

designs or information on commercial equipment or subjects not published
by us. All letters requiring a personal reply should be accompanied by a
stamped self-addressed envelope.

We cannot undertake to engage in discussions on the telephone.

Component Supplies
Readers should note that we do not supply electronic components for

building the projects featured in EVERYDAY ELECTRONICS, but these
requirements can be met by our advertisers.

All reasonable precautions are taken to ensure that the advice and data
given to readers are reliable. We cannot however guarantee it, and we
cannot accept legal responsibility for it. Prices quoted are those current
as we go to press.

Back Issues
Certain back issues of EVERYDAY ELECTRONICS are available

worldwide price £1  00 inclusive of postageand packing per copy. Enquiries
with remittance should be sent to Post Sales Department, IPC Magazines
Ltd., Lavington House, 25 Lavington Street, London SE1 OPF. In the event
of non -availability remittances will be returned.
Binders

Binders to hold one volume (12 issues) are available from the above
address for £4.60 inclusive of postage and packing worldwide.
Please state which Volume.
Subscriptions

Annual subscription for delivery direct to any address in the UK: £1200.
Overseas: £1300. Cheques should be made payable to IPC Magazines
Ltd., and sent to Room 2613, Kings Reach Tower, Stamford Street,
London SE1 9LS.
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EXTRA Ram
FOR THp19.POIR ZX81

I T is possible to add a further 3K
of RAM to your ZX81 using the 2K

Ram Pack published in EE April 82
plus one more chip, two diodes, one
resistor, a run of the mill npn tran-
sistor and a 24 -way d.i.l. socket. Con-
servative cost about £7 but with, for
many, a potential additional saving
of two of the 2114 memory chips
specified for the 2K Ram Pack.

A quick scan of the April issue
and, having long ago given best to
the professionals in PCB production,
off went the order for a board and
2 x 2114 RAM Chips. Why only two,
read on and all will be revealed.

THE ZX81

The ZX81 internal 1K of RAM
comes in one of two types, one using
a 4118 1K x 8 bit RAM chip, the other

as two 1K x 4 bit 2114 memory chips.
The writers experience is that most
kits contain the 2114. However, the
p.c.b. is printed and drilled for both.

Now, the 2114s cost about £1 each
retail (if you shop around) and the
4118 about £4. (Maybe Sinclair were
looking after the pennies when they
designed in 2114 i.c.s but needed the
protection of dual type sourcing and
therefore kept the ability to also use
the 4118). Now the 6116 cmos RAM
chip is available. This is a 2K x 8 bit
device which is pin compatible with
the 4118 and can be purchased at
around £6. With minor modifications
to the ZX81 board, £6 can give you
a 2K RAM computer.

GETTING IT TOGETHER
The 6116 modification had been

built into the author's ZX81 for some
months, replacing 2114 chips, but the
April issue of EE got the cogs mesh-
ing-why not 2K more and use up
those redundant 2114s. Surely it
couldn't be too difficult. It wasn't.

The first thing to do was build the
2K Ram Pack and check it was work-
ing. This done, after a long wait for
the 23 -way connector, power up and
RAMTOPS: Print Peek 16388+ 256*
Peek 16389 NEWLINE-sure enough
the answer came back 19456-it
worked first time.

Just a moment though, something
amiss, the modified ZX81 had 2048
bytes (actually slightly less but this
was a Ramtops test) giving 18432-
add 2048 bytes from the 2K Ram
Pack and the answer should have
been 20480. Some memory had been
paralleled!

Re -reading the April project shows
the 2K Ram Pack starting address is
16384 (that's normal enough) and
"the decoding is required to enable
the Ram Pack to be positioned 1K
beyond this address"-we need the
position to be 2K beyond 16384-so
how?

Fig. 1(a). Circuitry around the decoder i.c. in the 2K Ram Pack showing
lines to IC5 to be interrupted.

NOT USED

7

9

10

11

12

13

16

14

16

07

06

05

04

03

02

01

VCC
AO

1

Al
3

A2
105

74LS 138

o EN1

o_ri'D 5.5, EN2
zo
w EN 3

GND

A10

All

MREO

A14

C

16

C
15

C

12

RAMC

OV GND

C

C

C
SKla SKIb

772 Everyday Electronics, December 1982



e b c

0 0.)

TR1

PIN VIEW

TR1 ABOVE
TRACKS

RI

IC 5 0
12

13

14

15

16

DI BREAKS

O
Fig. 2. Where the additional components are to be mounted on the
trackside of the p.c.b. of the 2K Ram Pack. Note the breaks made in the
tracks.

MODIFYING THE 2K RAM PACK
Reference to the 74LS138 control

chip shows QO directly controlling
RAM -67 to ZX81 internal memory and
Q1 and Q2 controlling input to the
two 1K stores in the Ram Pack.

To allow for the expanded internal
(6116) memory we need use Q2 and
Q3 for the Ram Pack memory and
ensure QO and Q1 control (inhibit)
RAW.; in the 16-18K address fields.

To reach this end Q2 (pin 13)
needs no alteration, but Q3 (pin 12)
needs to feed (pin 8) on IC1 and
IC2 and the Q1 (pin 14) disconnected
from these r7 pins.

This leaves Q1 and QO. QO needs to
have direct RAK-.7 control removed
and, together with QI, brought under
sequential control, that is,

Fig. 1(b). Decoder circuitry with the additional
Pack to be used with a 2K (internal) ZX81.

Z80
CPU

(internal) Q1=--2ndK (internal) Q2=
3rdK and Q3=4thK. This can be
effected with two diodes, a resistor
and an npn transistor wired in the
emitter follower mode.

The resultant changes can be seen
clearly by comparing Fig. la (original
circuit) and Fig. lb (modified) with
required track cuts.

To carry out the mod carefully
refer to Fig. 2 where, for clarity, IC5
(74LS138) is reproduced with pins
1 to 8 blanked out and pins 12, 13,
14, 15 and 16 identified. Trace pin
15 track and cut where shown. Next
trace pin 14 track and likewise cut
as shown. Before proceding further
check with an ohmmeter that each
cut has really open circuited the
tracks-don't leave it to an eyesight
test.

components added to allow the 2K Ram
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4118 AND 6116 POSITION

Fig. 3. The ZX81 Ram area. The 6116 (2K
8 static RAM) is to be fitted in a socket

sited at pin locations 1 to 24 (in box shown)
with the 2114s removed.

Next, using a fine tipped soldering
iron solder an insulated wire link
from pin 12 to the far side of the
pin 14 track. Then solder the cathodes
of the 1N4148 diodes (banded end)
to the tracks of pins 14 and 15
respectively. Now form the leads of
the transistor (any of the ZTX108/
BC108 family will do as long as the
lead configuration matches the board
requirement - the author used
BC457). Solder the collector to the
+5 volt rail, solder the emitter to
the RAMS side of the. QO cut track.
Now solder in the resistor, one. side
to the +5 volt rail and the other to
join with the con-unoned anodes of
the diodes and the transistor base
lead, made above and clear of the

COMPONENTS

For 2K Ram Pack Modifications
R1 2.7k1-2 S to 11,N carbon ±5%
D1,2 1N4148 small signal silicon

(2 off)
TR1 ZTX108, BC108, BC457 or

similar npn silicon type

For Modifications to ZX81
IC1 6116 2K x 8 bit RAM
24 -pin d.i.l. open type i.c. socket or
2 x 12 -way Soldercon pins.

Guidance only
Approx. cost
See page 826

£7
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board. Make sure all components are
located parallel with the p.c.b. so as
not to interefere with the fit of the
case. It is also a good idea to insert
p.v.c. insulating tape on the board
below the main "bridge" of com-
ponents to prevent accidental short-
ing to the tracks.

That completes the modification to
the Ram Pack and for those who
already have the 6H6 modified ZX81,
all that remains is to plug in, power
up, enter Ramtops and read 20480.
For others who wish to incorporate
the 6116 modification read on.

6116 MOD TO ZX81
First undo the ZX81 case following

the instructions given in the May
issue of EE (why not add the worth-
while Keyboard Beeper (May 1982,
EE) whilst you're at it).

Check the RAM chips for type, refer
to Fig. 3.

4118 RAM
If the 4118 is soldered directly to

your ZX81 p.c.b. we do not advise you
to remove it. The on -board 2K up-
grade is unfortunately, not possible
for you to implement.

First remove the 4118 chip from its
i.c. socket (preferably using an i.c.
extractor or with careful, gentle
leverage from a thin screwdriver).

Avoid touching the pins or work on
an earthed plate ensuring at least one
hand is in contact with the plate-
this is expensive cmos you're hand-
ling and it doesn't like bodystatic.
Immediately transfer the chip to the
piece of conductive foam or conduc-
tive plastic tubing-which is what
your 6116 and 2114s should have been
packed in.

Now locate both ends of the link
marked Ll on the board and cut off.
Solder a new link at the position
marked L2. Re -assemble into the case,
power up, run the Ramtops test to
read 18432.

2114 RAM
If your ZX81 is fitted with 2114s

then you have saved the cost of half
the 2114s for your 2K Ram Pack.
The ZX81 IC4a position has an 18 -way
d.i.l. holder containing one 2114 in-
side the drilled and marked 24 -way
area that is there to take a 4118.
Carefully extract the two 2114s. Do
not attempt to remove the holders.
Offer up a skeleton 24 -way d.i.l.
socket to position IC4. Some holders
only need the centre bar removed to
fit around the 2114 18 -way socket,
others may require cutting into two
strips. Solderon pins could be used
instead. Locate the holder into the
position on the board marked IC4
making sure you are within the 24 -pin

socket area and not the 28 -pin area
also marked. The old 2114 holder
will now be framed within the 24 -pin
socket. Solder the socket, cut the Ll
link and solder in the L2 link. Plug in
the 6116. Reassemble into the case,
power up, run Ramtops test to read
18432.

All that now remains is to bring
the modified 2K Ram. Pack to the
modified ZX81, check RAMTOPS
to read 20480.

THE FUTURE
For many who need more than a

4K memory, have another look at the
original 2K Ram Pack control chip
(IC5). Q4, Q5, Q6, Q7 are unused.
By lifting input. A2 from ground and
taking to address line Al2 you could
control a further 4K of RAM -or
even, with a little flair, inlet/outlet
ports.

NOTE
You will find that these additions

to your ZX81 enable you to use many
programs written specifically for use
when 16K Rampacks are attached.
However some clever games programs
use a mixture of BASIC and machine
code. In these cases it is as well to
remember the machine code will have
been allocated to specific addresses
which may not fit unmodified to your
4K machine. 11

PANEL LAMP COVER
Bearing in mind the cost of com-

mercially made panel lamps, I have
devised a simple substitute.

A cap off a Bic disposable razor
is the basis of the cover, see dia-
gram. To mount it on a panel or
board it is simply pushed or snapped
into a rectangular hole.

This idea has the advantage that
the lamps may be mounted verti-
cally or horizontally.

I. Petrie -Brown, Birkdale, Southport.

CAPS VERTICALLY AND
HORIZONTALLY
MOUNTED

}LEADS TO BULB
(STIFF WIRE)

JACK PLUG & FAMILY... BY DOUG BAKER

(SLIGHTLY FAULTY, SIR, SO I'M
LETTING THEM GO DEAD CHEAP

FAULTY
CALCULATORS

CHEAP!

HOW MUCH
ARE THEY?

WELL, I USED ONE TO WORK
OUT THE PRICE AND THEY' RE
THREE FOR 5 OR SIX FOR
30
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SECURITY V LIGHT

SECURITY

hours

bypass
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security

0 power

ke)
start reset timing timer

out

in

UM1111111111111N

BY A.R.WI NSTAN LEY

WE ARE constantly reminded that
burglaries on private homes

seem to be continuously on the in-
crease. Everyone can take obvious
precautions like locking doors and
windows, but the device to be de-
scribed here offers a more subtle
means of combating casual prowlers
and burglars.

It does this by tricking the would-
be prowler into believing that the
house is occupied at night, even
though the occupants are out.

The Security Vari-Light is a unit
designed for use with floor -standing
standard lights or table -top lamps,
therefore installation is very simple.
The Security Vari-Light operates the

lamp on a random cycle which has
been carefully designed to give a
realistic effect.

A timer circuit is incorporated so
that the system will switch on after
a predetermined delay of between
two to seven hours. Having lights
flashing on and off at four o'clock
in the morning could be deemed
counterproductive, as this may draw
attention to the house. The timer
will help to overcome this and can
be switched out if it is not required.

REPEATER
The system has been further de-

veloped and although this unit is
designed to control just one lamp,
by adopting a system of optical
links, "repeater" units can be em-
ployed to operate lights throughout
the house. The object in this re-
spect, is to avoid having to alter
any of the house's existing lighting
and wiring, in order to make instal-
lation an easy matter.

Furthermore, by employing opti-
cally -coupled repeater units to drive
other lights, mains wiring is avoided.
Instead, a light sensitive cell con-
nected to the repeater unit de-
tects when the "main" security light
is illuminated, and causes a second
lamp to light up. Indeed, by making
several photo -resistors "look at" the
main Security Vari-Light, almost any
number of secondary lamps could be
controlled in this manner.

CIRCUIT DESCRIPTION
Fig. 1 is the circuit diagram for

the Security Vari-Light and it can
be divided into two distinct sections,
the Timer/Power Supply section and
the Logic Control section, the latter
to be described first.

IC3 comprises two four -bit shift
registers, a cmos 4015 is used, and
by connecting the Q4 output of the
first shift register to the D input
of the second, a single eight -bit shift
register is formed. The moo( and
RESET pins for both registers are
connected in parallel for this appli-
cation.

ICI is a simple 555 astable multi -
vibrator which provides a low -
frequency clock signal, approximately
one clock pulse every ten minutes
is passed to the shift registers. An
EXCLUSIVE -OR gate, a cmos 4070
is the only other logic element and
this device contains four separate
gates, all of them utilised in the
circuit.

LOGIC CONTROL
The circuit operation is as follows.

Upon initial application of power, a
reset pulse is delivered by IC2d to
the shift registers, the outputs of
which are then cleared to zero.
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Simultaneously, the first positive
clock transition is despatched by ICI
but the effect of this upon the logic
circuit is cancelled by the switch -on
reset pulse.

Since the inputs of IC2b are at
logic zero, the output of IC2b is
also zero, remembering that IC2 is
an EXCLUSIVE -OR function. How-
ever, IC2c is connected as an inver-
ter since one input is permanently
wired to logic 1. The logic 0 genera-
ted by IC2b, then, is inverted by
IC2c to generate a logic 1 which
is injected into the DATA input of
IC3a.

In effect, IC2b and IC2c have com-
bined to form an EXCLUSIVE -NOR
gate which serves to "start up" the
shift registers and prevent them
from remaining at logic zero, as
detailed earlier. The pseudo -random
sequence will then follow on with
each successive positive clock pulse.

SHIFT REGISTER
The output from the shift register

is taken from the Q1 bit of IC3b
(pin 13) and it is here that the
pseudo -random pattern will be ob-
served. This is inverted by IC2a and
drives a high -gain transistor switch
comprising of TR1 and TR2, which

Fig. 1. Circuit diagram of the Security Vari-Light.

themselves complete the circuit to
the mains relay RLA.

Thus when the output of IC3b
(Q1) is low, which it is for the first
five steps of operation, then this is
inverted by IC2a to form a logic
one. This high signal activates the
relay RLA through the transistor
switch, so that the contacts RLA1
close and power is applied via the
mains socket SK1 to the mains
lamp, so the lamp illuminates.

Since the logic 0 output of the
shift register (Q1 of IC3b) is inever-
ted by IC2a to form a logic 1, this
means that the lamp will illuminate
immediately upon power switch on.
It will extinguish when a logic 1

eventually reaches pin 2 input of
IC2a.

After ten minutes or so, the clock
generator will deliver another posi-
tive -going pulse which will advance
the shift registers by one step. The
logic circuit will now generate the
pseudo -random sequence, the lamp
switching on and off accordingly.

TIMER CIRCUIT
A timer has been incorporated

which will operate the logic section
for a predetermined period, between
approximately two to seven hours,

and will then disconnect the lamp.
Thus the user can set the Security
Vari-Light to operate randomly for
a suitable period while he is away,
the device will then turn off auto-
matically.

The timer is formed by IC4, a
cmos 7555 connected as a mono -
stable. Timing is initiated by closing
S2 temporarily and the timer can be
reset by closing S3, if required.

TIMING PERIOD
The timer period is controlled by

resistors R6-12, and C5. By rotating
Si one may adjust the value of the
timing resistor network and thus the
timer period can be altered as re-
quired. One problem with a simple
circuit of this type is the leakage
current through the timing capacitor
C5. The long time constants which
are required imply that a large -value
capacitor is needed, specifically, an
electrolytic type. These have high
leakage currents which greatly affect
the accuracy of the timer. With C5
at 470,0, each 8.2 megohm timing
resistor corresponds to a delay of one
hour.

When the timer is initiated, pin
3 of IC4 goes high, and this is
buffered by TRI to drive the reed
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relay RLB and the TIMING l.e.d.
indicator, D3. The reed contacts
RLB1 then close and supply power
to the logic section.

This in turn activates the switch -
on reset circuit (IC2d) and then the
logic sequence starts up in the man-
ner described, causing the mains
lamp to operate in a pseudo -random
fashion.

If the timer is not needed, it can
be bypassed by setting S4 to OUT

which disconnects the timer circuitry
and provides power straight through
to the logic.

POWER SUPPLY
The power supply is a standard

type in which 240V a.c. is stepped
down by Ti to about 9V a.c., and
subsequently full -wave rectified by
D5-8 and smoothed by C7 to give
about 12V d.c. at no load. D2 is
the POWER l.e.d. and illuminates
when the Security Vari-Light is
switched in.

In the SECURITY mode, S5 (the
mode switch) passes mains current
through to Ti primary winding and
then the random logic sequence will
operate the mains lamp, and this
can then be timer -controlled if de-
sired. However, S5 can be moved to
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the BYPASS mode and this will supply
power to the lamp continually, by-
passing the electronics.

S5 is actually a centre -off type so
when in middle position, both the
electronics and the lamp will be
completely disconnected from the
mains supply.

MAINS
SUPPRESSOR

Finally, the
mains contacts of
RLA1 are pro-
tected by a sup-
pressor network,
Xl. This reduces
contact wear and
prevents mains
transients from
working through
the power supply
causing the logic
section to mal-
function. Protec-
tion of this
nature is in-
creased by the
mains transient
suppressor, RV1.

MAINS INPUT

N MAINS OUTPUT

However, the presence of X1 pro-
vides a route for mains power when
S5 is in the BYPASS mode, so even
though the electronics are discon-
nected, enough power may be trans-
mitted through X1 to operate the
cmos. As a result of this the light -
emitting diodes glow very dimly.
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PRINTED CIRCUIT BOARDS
Construction is relatively straight-

forward, because nearly all compo-
nents, including the mains relay, are
mounted on two specially -designed
printed circuit boards.

The first p.c.b., which carries the
power supply and timer section. is
shown in Fig. 2. This is mounted ver-
tically using metal brackets or plastic
vertical p.c.b. guides. Assembly of
components is as indicated in the

ov
(LOGIC PC.B.) 52/53

RId

54 (OUT) +ve (LOGIC P. C.B.)

TR3

R13

51(w) S3 D3k S2 SI(IN)

RLB

COIL

1.1

D2 k

9

11 9V 02a

O

O

O

diagram, noting that Veropins should
be used where flying leads are taken
off the board. Also an eight -pin d.i.l.
holder is used for IC4 to prevent
damage occurring to the i.c. when
soldering. The reed relay used is a
Maplin type FX51F, other makes
may not be compatible with the
holes in the p.c.b.

The arrangement of components
on the second board is illustrated in
Fig. 3. The relay for this layout is
a Maplin 5A mains relay type
YX98G, this will solder directly to
the circuit board. FS2 is a 20mm
p.c.b. mounting type, rated at 2A.

The integrated circuits IC2 and
IC3 are cmos devices and are par-
ticularly sensitive to static electri-
city. Do not remove the devices
from their conductive packing until
they can be inserted into their re-
spective holders on the board.

CASE
The case used on the prototype

was a plastic Verobox type 202-21311
which has dimensions 138 x 190 x
91mm. As mentioned earlier, it is
recommended to fix the timer p.c.b.
vertically to obtain the most com-
pact arrangement, layout is other-
wise not too critical. Keep the
lengths of mains wire to a minimum
and away from the mains inter -
wiring, this will ensure that no
problems are caused by mains inter-
ference.

The timing resistors R6-12 are
soldered directly to the tags of Si,
in accordance to Fig. 4. This dia-
gram details all necessary inter -
wiring and must be followed closely.

The earth input is connected to
the mounting frame of the trans-
former, and this is accomplished by
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+ve (TIMER R C.B.)
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SK1 LIVE

jidr-7104.4,

using a solder tag fixed under one
of the transformer mounting bolts.
It is essential that the front panel,
which is made of aluminium, is also
soundly earthed, remembering that it
is anodised, so this must be removed
at the earthing point.

It is of prime importance that
the three -core mains cable is pro-
perly secured so that it will not
pull out and for this, a cable re-
tention clip and grommet are uti-
lised.

SKI is a "Euro-Facility" 6A 250V
mains socket and is a clip -in type.
A suitable cutout (28 x 23mm) is
made in the top half of the case, at
the rear. It may be necessary to
secure the socket with an adhesive,
since the rather thick case wall may
prevent the socket from clipping
into position properly.

0 0 0

O

SECURITY

oV
(TIMER RC.B.)

FS1

VARKIGHT
Fig. 2. (opposite page) The component layout
and full size track artwork for the timer/power
supply printed circuit board. The four mounting
holes are for securing the board to the p.c.b.
brackets. These can be seen in the photograph
of the prototype also shown.

Fig. 3. (left) The Security Vari-Light main control
logic board component layout and full size track
artwork. This board is mounted on spacers off
the bottom of the case. Photograph (below)
shows the finished p.c.b. assembly from the
prototype model.

MAINS WIRING
All mains interwiring should be

completed using 24/0.2mm 6A wire.
This is thick enough to carry the
required current but can be soldered
to the small tags on the rear of
the mains ON /OFF switch, S5. Insu-
late each mains joint with 2mm bore
p.v.c. sleeving for additional safety.

The remainder of the interwiring
can be completed with standard
7/0.2mm wire. Use of several
colours assists with checking, later
on.

There are two light - emitting
diodes to be fixed to the front
panel, and this can be achieved with
two transparent lens -clips or the
standard black bezel clips.

To label the controls on the front
panel after the panel has been
drilled, use rub -down lettering

(available from stationers and some
component suppliers), after which
carefully apply several light coats
of protective clear lacquer. This will
help prevent the letters from lifting
off.

CHECKING
Check out very carefully all wiring

and soldering, prior to switching on.
Ensure that the mains plug is fitted
with a 3A fuse and then plug a
lamp (500W maximum power) into
SK1. With S5 at OFF (centre) and
S4 to TIMER IN, plug into the mains
and switch on by moving S5 to
SECURITY. This should cause the
POWER l.e.d. to light up. The TIMING
1.e.d. may or may not be alight,
but either way, pressing S2 will acti-
vate the timer and the mains lamp
should also light up. Pressing S3
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MAINS INPUT

COMPONENTS

Resistors
R1 6-8M0
R2, 3 1M0 (2 off)
R4 4.7k0
R5 15k0
R6-12 8.2M0 (7 off)
R13,14 47k0 (2 off)
R15, 16 4700 (2 off)
R17 10k0
All 1W carbon film ±5%

Capacitors
C1, 6 0.1/4F polyester C280 (2 off)
C2 100µF 25V elect, radial lead
C3 0.01/2F polyester C280
C4 1/rF 35V tantalum bead
C5 470/1F 25V elect, radial lead
C7 1,000µF 25V elect, radial lead

Semiconductors
D1, 4 1N4148 (2 oft)
D2, 3 TIL220 0.2in. red I.e.d. (2 off)
D5-8 W005 50V, 1A bridge rectifier
TR1, 3 BC108C silicon npn (2 off)
TR2 BFY52 silicon npn
IC1 555 timer
IC2 40708 CMOS quad 2 -input EXCLUSIVE -OR gate
IC3 4015B CMOS dual 4 -bit shift register
IC4 7555 CMOS timer

Switches
S1 2 -pole, 6 -way rotary
S2, 3 push -to -make momentary action (2 off) See
S4 so

S5 d.p.d.t. centre off miniature toggle
s.p.d.t. miniature toggle Shop

Miscellaneous Talk
RV1 240V mains transient suppressor Z250D page 826
X1 mains R -C contact suppressor
RL A miniature mains relay, 12V, 2050 coil, contacts rated at 240V, 5A
R LB encapsulated reed relay, 9-12V, 1k0 coil, 50V, 200mA contacts
FS1 20mm, 1 A fuse with chassis mounting holder
FS2 20mm, 2A fuse with p.c.b. mounting clips
T1 miniature mains transformer, 9V, 250mA secondary
SK1 mains panel mounting socket
PL1 shrouded pin mains plug (for SK1)
Case, Verobox 202-21311 size 138 :s( 190 >e. 91mm; single sided p.c.b.s. size
86 x 65mm and 105 x 50mm; 16 -pin d.i.l. holder; 14 -pin d.i.l. holder; 8 -pin d.i.l.
holder (2off); 24/0.2mm wire (for mains wiring); 7/0.2mm wire; P -clip; grommet;
knob; 3 -core mains cable; standard 3 -pin mains plug with 3A fuse; self ad-
hesive feet (4 off); Veropins; solder tags; mounting hardware (nuts, screws,
washers and p.c.b. bracket or guide).

TIMER
R C.B.

0

RV1

T1

P

L I

FRONT PANEL
EARTH

LOGIC P C.B.

1E

SKI

FS

NEUTRALNEUTRAL

FRONT
PANEL

S4

Fig. 4. Interwiring diagram. Note that resistors R6 and R7 are soldered onto two
unused switch tags on the unused half of Si. The front panel earth wire was
soldered to the metal case of S5.

IE 124

HOLE SIZES

A= 6 4mm
B= 10 mm

80

ALL DIMENSIONS IN mm

Fig. 5. Front panel drilling details.

£28
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should extinguish the lamp and the
TIMING indicator. This indicates that
the timer functions correctly. Fol-
low on by testing other functions.

Using a stopwatch, check the time

View inside the
finished prototype
model clearly show-
ing the mounting of
the mains socket
SKI, and how the
mains wiring is
separately held to-
gether with cable
ties.

period obtained with the timer set
to the two hour delay setting. The
result obtained will give a good indi-
cation of the accuracy that can be
expected on other settings.

If the timer is discovered to be
unacceptably inaccurate, the simplest
remedy is to change the value of
C5 accordingly. With the prototype,
the theoretical two hour delay came
out actually as more than 50 per
cent over this; C5 was reduced to
220,uF. The delay then was about
one and three-quarter hours, which
is more acceptable.

APPLICATION
With the model suitably tested

and functioning it can be pressed
into service. It is possible to use the
device with any mains lamp (or
number of lamps) totalling not more
than 500 watts.

Floor -standing spotlight units work
well as a deterrent if located in the
hallway or near to the entrance of a
room. )11

COUNTER MytgLLIGENCE
Component Buying

Following on from my October article, I

would like to add a few more, I hope
helpful, ideas on the subject of buying
components for various projects.

Many cu stomers come into a shop clutch-
ing their copy of EVERYDAY ELECTRONICS
open it at the required page, point to the
list of components and say "I would like
that lot". If this happens on a busy Satur-
day, then the retailer, who is probably
understaffed and has a shop full of
people to serve, will most likely ask you to
leave your list and come back later.

One cannot altogether blame him,
because a list of perhaps thirty or forty
varied items can take up to twentyfive
minutes to assemble, and if he stops to do
this, it is quite likely that several customers
will walk out. Remember, today is a buyers
market and the poor retailer does not wish
to lose a single customer.

Let me suggest how you can help him.
First of all, take your magazine and write
out your desired list again, re -arranging
the order. The reason for this is simple
enough, if you look at any list you will soon
notice that, for example, resistors might
be as follows: R1 1k52, R2 10kn, R3 4752,
R4 WO, R5 1id2, R6 3.9k12, R7 104d2 and
R8 4752.

It is not difficult to see how time con-
suming this is, because the assembler
has to keep returning to the same box.
The list should be set out as follows:
(2) 470, (2) 1 Id2, (1) 3.91d2, (2) 10k52, (1)1 Ma
The same treatment applies to capacitors
and other discrete components.

It is also helpful if the list can be priced,
if only approximately. In addition, make
sure you have enough money! Many is the
time I have spent half an hour compiling
an order, only to be informed that he or she
is short of the required amount by £1 .62,
and would I please suggest what should
be taken out of the parcel to make the
amount right!!! Perhaps I am getting

touchy (put it down to age) but this
behaviour tends to irritate me.

Lucky Dip
Still on the subject of components, I

would like to touch on values, because the
average reader is inhibited against altering
values even by the smallest amount.
Quite understandable, as the designer is
pictured as a chap in shirt sleeves with an
ice bag on his head, working a slide rule
which is red hot, until he finally deduces
that a certain capacitor should be 0-02µF.

In practice, Mr. Designer is sitting at his
bench lashing the project together and
finds he needs a capacitor. He dips his
hand into his junk box pulls out a 0.02µF
tries it, and Eureka-it works alright, so
a 0.02,uF it shall be.

The Reader than asks his supplier for
a 0.02µF, only to be told "I am sorry Sir,
the nearest I have is 0.022µF". The reader
quickly backs out of the shop, horrified at
the idea of altering Mr. X's design.

Don't be worried kind reader, it will not
make any difference. If the designer wants
you to stick closely to his values he will
make them close tolerance.

If you bear this in mind, you will find you
can substitute watt resistors for watt
and vice versa. With capacitors, you can
choose from electrolytics, tantulum, poly-
ester, polystyrene, polycarbonate, paper
and silver mica. The governing factors
here are physical size, and in the case of
close tolerance (1 per cent or 2 per cent)
you may be limited to polystyrene of
silver mica.

With capacitors, a higher voltage can
always be used, and I can best illustrate
the veracity of my facts by a true story.
Several years ago I asked a friend to
design a signal tracer and asked him to
make the tolerances as large as possible
so that I could select a component I had
in quantity.

When I received the design, the parts
list looked like this: C1, anything between
0.01µF and 0-1µF, any material, voltage
no lower than ten. C2, 0.01µF to 0.1pF.
R1, 10 to 10062, any wattage from i watt
upward. R2, 47ki2 to 470k12, again any
wattage, and so on through the list.

Obviously, the constructor will pick the
nearest value, but there is no need to be
worried about small deviations, and this
makes it much easier for your retailer to
supply your wants.

Computer People
I have been told by many people that if

you sit sipping a coffee outside the Cafe de
L'Opera in the Rue de la Paix in Paris, the
whole world will pass by. I thought I

would try it last year, until I found that the
coffee cost over £1 a cupll

However, I have been helping a friend
whose shop is not a million miles from
London W2, and I have found thatthe"all the
world" idea applies here. Every nationality
seems to pass by the door, many of them
would-be customers.

Unfortunately, until recently this shop
sold only computers and spares, and
computer language is quite unknown to
me. If a "floppy disc" walked right up to
me and looked me straight in the eye, I

wouldn't recognise it. In fact, I picture it
as a soggy grey pancake.

Even when asked for items we stock,
the language or accent makes for diffi-
culty. This is further compounded by being
slightly deaf (a legacy from the last War
and after, when I was trundling noisy
piston engined aircraft around the sky for
some ten years). The other day I was
asked for something which sounded like
"have you any spacer hooks" asking him
to repeat the question he said "No, Data
Books, you dummy"-Paul Young sinks
slowly to the floor.

All the same, it has been an invigorating
experience.
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THE direction indicator warning
buzzer/clicker on some cars is so

feint that it cannot always be heard
above the engine and road noises.
The result is that the indicator is
sometimes left on, creating a driv-
ing hazard.

The circuit described here uses
only a single i.c. (555 timer) in its
design to provide an audible signal
when the indicators are operated, of
sufficient loudness to be heard in
most driving conditions.

CIRCUIT DESCRIPTION
The full circuit diagram of the

Car Indicator Alarm is shown in Fig.
1. It uses a 555 timer i.c. in a rather
unconventional way. There are no
timing components in the circuit.
The threshold input (pin 6) is
strapped to the positive supply line.

When the car indicator is not
operating, PCC1 assumes a very
high resistance in its dark environ-
ment inside the case. PCC1 and RI
form a potential divider across the
supply lines to feed the trigger in-
put on IC1 (pin 2). With the value
for R1 as shown, this makes the
trigger voltage level low which
causes the output, pin 3, of IC1 to
go to approximately 12V. The relay
is thus not energised.

If the car indicator is now opera-
ted, LPI lights up in sympathy with
the indicator dash -mounted pilot
lamp. Light from LP1 reaches PCC1
and causes its resistance to substan-
tially reduce removing the trigger

on level from pin 2. IC1 output
drops to OV and so the relay be-
comes energised; RLA1 opens, the
relay becomes de -energised resulting

in RLA1 contacts (normally closed
type) closing again.

If LP1 is still on, the above cycle
repeats, and the relay contacts
"chatter". Thus there are bursts of
chatter each time LP1 illuminates.
The chatter rate is controlled by the
value of Cl, sometimes called a
slugging capacitor.

ASSEMBLY

Full assembly and interwiring de-
tails are provided in Fig. 2. Any
small plastic box may be used for
containing the circuit board and
other components. The container for
a 35mm film was found by the
author to be ideal for this.

Prepare the case to accept the
chosen lampholder and fix in place
on the blank end of the case as
near to the side as possible. Make
a small hole in the same end to
allow the four leads from the circuit
board to pass through to reach TB2.

Cut the 0.1in matrix stripboard to
size and make the necessary breaks
on the underside using a spot face
cutter or small drill bit (about 3mm
dia.). Assemble and solder IC1, RI
and the link wires. Attach suitable
lengths of flying leads - use insu-
lated stranded wiring. The insulation
colours of the wires from the board
to TB2 should be of different colours
for easy identification when wiring up.

The 1.d.r. is secured near to the
edge of the lid inside by a terminal

Fig. 1. The circuit diagram for the Car Indicator Alarm. The inset shows circuit modifica-
tion for use on cars fitted with two (Left and Right) dashboard indicator pilot lights.
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block. The leads from the terminal
block are threaded through the lid,
loop over the outside and pass in-
side to connect to the circuit board.

Blu-Tak or Plasticene may be used
to hold the board in position so that
it does not interrupt the optical path
between LP1 and PCC1.

Feed the four wires through the
case end and gently pull them
through while pushing the board
into the case. Apply some Blu-Tak
to board/case to hold the board firm
in the correct position.

Thread the remaining two board
wires through the lid of the case
and connect to TB1 as shown. Screw
PCC1 to TB1 and attach this assem-
bly to the lid using glue or Blu-Tak.
Clip the lid in position with PCC1
aligned with LP1. Plug the holes at
either end of the case. Connect the
six leads from the case to the ter-
minal strip, TB2.

The other case should be of me-
tallic material to help "amplify" the
relay chatter. Some brackets will
need to be constructed to securely
hold the relay and capacitor. The
size, shape and fixing will vary
according to the components and
box used. Always use shakeproof
washers with nuts and bolts for
fixings on cars as the vibrations pro-
duced could otherwise loosen nuts/
bolts. A rubber grommet must be
used fitted in the hole carrying
wiring to TB3. The latter should be
screwed to its case.

Fit the components and wire up
as shown using stranded wiring.

SOLDER
TAG

You should now have two units
each fitted with terminal blocks,
ready for installation in the car.

The metal box containing the
relay should be placed (not fixed)
close to the driver's seat. The other
unit can be mounted anywhere in
the car. The steering column was
found to be a convenient position
in the designers car. Insulating tape
was used to hold it secure.

Trace the leads of the indicator
pilot light(s) on the dashboard and
connect a pair of leads in parallel
with the existing lamp. Run these
leads to positions 5 and 6 on TB2.
If there are two pilot lamps, one
for each Left and Right, two diodes
will need to be included as shown
in the inset in Fig. 1. The diodes
are more conveniently attached at
TB2. This then requires three wires
to connect to TB2, see Fig. 3.

A good earth (chassis) connection
is required to connect to TB2/1.
This may be found under the dash-
board; any metal screw into the
metalwork will do, under which a
wire, or wire with solder tag may
be fitted.

Finally connect the positive supply
lead +12V to TB/2. This must be
made via an in -line fuse or a spare
fuse position that may be available
in the car fuse box. Fit a 1A fuse.
The ignition switch is a convenient
place to pick up the + 12V using a
spade terminal; there is usually a
free position to be found on the
switch that is "live" only when the
ignition switch is turned on.

+CHASSIS
VIA IGNITION

SWITCH FS1

IN -LINE
FUSE

INDICATOR
PILOT LAMP

Fig. 2. Shows the layout of the components
on the topside of the stripboard, breaks
to be made on the underside and com-
plete wiring to the car electrics and temote
relay box via screw terminal strips.

TB?
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/2 (10)

4..")

o
Al /6

RUBBER
GROMMET

COMPONENTS

R1 33k0 3W carbon +5%
C1 47µF 16V elect.
IC1 555 timer i.c.
PCCI ORP12 light dependent

resistor
RL A 180 ohm 12V relay with at

least one set of normally
closed contacts

LP1 12V 2.2W filament lamp
FS1 1 A, to suit holder (see

text)
TB1, 2, 3 cut from 12 -way 2A

screw terminal strip
Stripboard size 0.1 inch matrix,
10 strips x 16 holes; miniature
panel mounting lampholder for
LP1; aluminium for brackets;
metal box size 70 x 50 x 25mm
approx.; rubber grommet; solder
tag; nuts, bolts, shakeproof
washers, 6B A; plastic case-
35mm film case.

Approx. cost r. 6
Guidance only
See page 826

Wire the two units together to
almost complete the project. Use
lightweight automotive wiring for
all long runs of wiring between
unit and car/unit and sleeve or wrap
any exposed connections.

Operate the indicators with the
engine running. A chattering noise
burst should be heard to come from
the metal box each time the indica-
tor pilot lamp flashes on. Fix the
box in a suitable position for loud-
ness and convenience.

35rnm. FILM CASE
CONTAINER AND CAP
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Fig. 3. Modified wiring around TB2 for car
systems fitted with Left and Right dash-
board pilot indicators.
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A NEW SERIES FEATURING A TEARLESS
TOP TECHNIQUE BY GEORGE H
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ELECTRONICS
Part 3 COILS Et INDUCTANCE

I N 1819 the Danish physicist
Oersted discovered that electric

cultrents produce magnetic fields. To
be precise, he placed a compass
near a wire and found that the
compass needle moved when a
strong current was turned on.

It was soon realised that the mag-
netic effect of the current could be
multiplied by coiling the wire so
that the current passed through
many turns. A compass placed at
the centre of such a coil could then
indicate by its movement how much
current was flowing. This provided
researchers with a current indicator
or galvanometer.

Clearly, electricity and magnetism,
two apparently quite different things,
meet and interact in such electro-
magnetic circuits.

The trick of coiling up the wire
to intensify the magnetic effect is
exploited in a vast range of de-
vices, including dynamos, motors, al-
ternators and of course electro-
magnets. Loudspeakers and micro-
phones commonly contain both coils
and magnets. The "search heads" of
metal detectors contain coils; radio
and TV sets contain coils and so do
electric bells and telephones.

ELECTROMAGNETISM
DEMONSTRATED

Let's do some experiments. You'll
need a magnet. Any kind will do,
but if you have a choice a bar mag-
net is the most convenient. It should
be as powerful as possible.

You'll need a tube made of some
sort of insulating material, and wide
enough to let your magnet, or part
of it, pass inside. A cardboard
tube will do, or a plastic or glass
one. I borrowed a plastic hair roller
for my experiments.

You'll also need some iron nails
or bolts - about the same length
as your tube - and two lengths of
insulated wire each about three
metres.

The rest of the parts are left-
overs from earlier experiments.

Wind one length of wire into a
coil at one end of your insulating
tube. Leave a few inches of loose
wire at each end for connecting up,
see photograph. My coil has about
thirty turns on it but the exact
number is not important. The more
the better.

You are going to generate electri-
city by moving your magnet about

in and around the coil. How do you
know that you've succeeded? The
simplest way would be to connect
an electric lamp to the coil and
watch it light.

AMPLIFIER

Unfortunately the amount of
energy created by our very ineffi-
cient arrangement is much too
small. It will result in a few thou-
sandths of a volt at the coil ends.
We must amplify it.

To do so we adapt the two -
transistor amplifier used last month
for our experiments with capaci-
tance. Fig. 3.1 shows the new cir-
cuit. One resistance is changed and
the polarity of the 1000/4F is re-
versed.

One l.e.d. in the Indicator will
light all the time. Electricity genera-
ted in our coil will produce changes
in current which will make the
Le.d. flicker.

A home made coil for the experiment in
Fig. 3.1 made from 7/0.2 stranded p.v.c.
covered wire and a plastic hair roller.

Adding a second coil to the above and an
iron core in the form of 4 inch long nails.
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Plunging the end of a bar magnet
(or one leg of a horseshoe magnet)
into the coil quickly should produce
this effect. (With weak magnets the
flicker is small so watch carefully.)
If your magnet won't go into the
coil then move it quickly to and
fro past the outside, as close as
possible.

Note that the flicker goes in step
with the movement, and that there
is no flicker when the magnet is
stationary, however close to the coil
it may be.

Now hold the magnet steady in
the coil and remove the coil quickly.
Again, the 1.e.d. flickers. Evidently it
doesn't matter what we move
coil or magnet - so long as we
move something.

Michael Faraday, who discovered
this electromagnetic effect, deduced
that the key factor was to have an
electrical conductor (the coil) in a
changing magnetic field. Varying the

distance between coil and magnet
produces changes while the move-
ment is going on.

COIL CORES
Magnetic fields can pass through

the air but they prefer to pass
through iron. To concentrate the
field fill the tube with iron nails.
It doesn't matter if they are a bit
too long and stick out at the ends.
Moving the magnet near the coil or
the nails will produce an enhanced
flicker of the Indicator 1.e.d.

ELECTROMAGNETIC
COUPLINGS

It would be quite feasible to use
an electromagnet instead of the
permanent magnet, and wave it
around near the coil. However, there
is a more interesting possibility. If
you wind a second coil round the
same tube you can turn it into an

electromagnet by passing a current
through it (Fig. 3.2). The iron core
which you have given your coil will
conduct the magnetism from one
coil to the other.

Since the positions of the coils
are fixed it is no longer possible
to make electricity by movement, but
the essential condition - a chang-
ing field - can be produced in
another way.

At the instant the electromagnet
is switched on its field starts to
build up and to travel outwards.
The second coil feels this sudden
build-up of field and produces a
little pulse of voltage which can
be amplified to make the Indicator
flicker. As soon as the field has
built up to its steady value with
full current flowing in the electro-
magnet coil - which happens very
quickly in the present case - the
voltage pulse ceases. Steady fields
have no effect.
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10k11

Cl
1000pF

C).
(SEE TEXT)

L.E.D.
INDICATOR

TR1
BC107

R2 10kfl

TR2
BC107

R3
10012

Moving the magnet in and out of the coil.

Fig. 3.1 (a) top. Circuit diagram of an
amplifier for demonstrating electro-
magnetism and (b) right, the suggested
screw terminal block assembly. Tiny
voltages produced by a moving magnet
near the coil cause the Indicator lamp
to flicker.
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The easiest way to energise your
second coil is to connect a battery
to it. If you have an old, but not
dead 1.5V cell you can try it. But
don't use your 6V supply!

Your coil has a resistance of per-
haps a tenth of an ohm. Applying
6 volts should produce a current
of 60 amperes, in theory. In prac-
tice it will damage the battery,
which is not designed for such cur-
rents.

What's to be done? You could,
instead of connecting the coil
directly across the battery, inter-
pose a safety resistance big enough
to limit the current to a reasonable
amount such as 100mA. But there is
a neater way which gives bigger
currents.

We know that energy is only
transferred from one coil to the
other at the instant of switching on.

How to construct a single 1.5V cell holder
with terminal block and paper clips.

It hardly matters for how short a
time the coil is switched on.

Let's charge a capacitor (C2) to
6V via a resistance (R4) (Fig. 3.3)
and then discharge it through the
coil. This way we can apply the

Carrying out the experiment of Fig. 3.2.

full 6V, very briefly, without damag-
ing anything. The resistance can be
left connected so that the capacitor
recharges every time the coil is
disconnected.
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Fig. 3.2 (a) The circuit diagram for demon-
strating electromagnetic coupling and (b) the
suggested assembly on the screw terminal
blocks. Nails are tightly packed inside the
coil former to increase the effect.
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If we use a capacitance of 100/AF
and a resistance of 11d2 the time
constant of the circuit is a tenth of
a second so we don't have to hang
about waiting for the capacitor to
recharge before we can have an-
other go with the coil. Every time
you touch the free end of the coil
on point A you should see a flicker.
Remove the nails and the flickers
cease, showing that the iron core of

the coils really does couple them
together.

TRANSFORMERS
Our two -coil arrangement is a

crude form of electrical transformer.
If the "electromagnet" coil is sup-
plied with a changing current, the
resulting changing magnetic field in-
duces a voltage (an electromotive
force) in the other coil. If the

electromagnet coil were supplied
with a current that changed continu-
ally, for example, with alternating
current, then energy would be trans-
ferred to the other coil all the
time.

Common sense tells you that the
arrangement is reversible. You could
change your transformer connections,
driving your first coil and taking
energy out of your second one.
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A ci
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Making and breaking the supply to L2.

TR2
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R3
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Fig. 3.3 (a) The circuit diagram for illus-
trating the working of a transformer with
(b) the suggested layout and wiring details
on the terminal blocks. The electro-
magnetic coil is energised by discharging
a capacitorhrough it.
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This transformer is very ineffi-
cient. One reason is that nails are
not a good core material. I've been
calling them iron but they are really
mild steel. Real transformers use
special alloys.

Another reason is that our sort
of core is the wrong shape to con-
duct magnetism well. A cylindrical
core gives the equivalent of a bar
magnet (Fig. 3.4 a and b). The
magnetic field flows from North pole
to South pole through the air. It
would much rather flow through
some more iron (Fig. 3.4c).

Magnetism doesn't flow round and
round like a current but it is still
desirable to have a complete mag-
netic circuit of iron to couple the
coils more effectively.

In transformers the driven wind-
ing is called the primary and the
pickup winding is called the second-
ary. The voltage induced in the
secondary depends on the number
of turns. If the secondary has ten
times the turns of the primary it
produces ten times the voltage (but
only one tenth of the current).

To supply transistor circuits from
the mains a step-down transformer
is often used. This reduces the vol-
tage from, say the 240V a.c. of Bri-
tish mains to the 101/ or so needed
by a small transistor radio.

INDUCTANCE
The magnetic field round a coil

which is carrying a current is a
store of energy. If the current is
switched off the field collapses back
into the coil. As it does so, the coil
itself, being a conductor in a chang-
ing field, generates a voltage. The
size of this voltage depends on how
quickly the current falls: the faster
the greater.

In a motor car this fact is ex-
ploited (together with a step-up
action) to generate the tens of thou-
sands of volts needed for the igni-
tion of the fuel.

II

FIELD LINES

ttj

FIELD LINES IRON CORE

I

(a) (b) (c)

Fig. 3.4. Coil cores. In (a) and (b) coil and bar magnet produce similar fields.
In (c) the iron core gives an easy path from pole to pole. Little field now goes
through the air.

When the current is turned off
the polarity of the self-induced vol-
tage pulse is always in the direction
which tends to keep the current
flowing. In other words, the coil re-
sists any attempt to alter the cur-
rent. The effect is seen not just
with abrupt switch -offs but also
when the current changes more
slowly and smoothly. The voltage
across the coil always changes in
the way needed to keep the current
going.

This property of a coil is called
self-inductance - usually abbrevia-
ted to plain "inductance". To be
able to compare inductances, a unit
of inductance has been agreed upon.
The current is somehow made to
change at the rate of one ampere
per second. If the coil then gener-
ates an opposing voltage of one volt
it has one unit of inductance. This
unit is called a henry after an
American physicist.

The primaries of mains transfor-
mers have inductances of several
henries. Most other inductances are
much smaller. Your coils have in-
ductances of a few millionths of a
henry (microhenry, pH). Thou-
sandths of a henry are millihenries
(mH) and thousand -millionths are
nanohenries (nH).

When a.c. flows through a coil
the inductance continually opposes
the changing current. It behaves a

bit like a resistance. The effect can
be quoted in ohms but is actually
called an inductive reactance. The
reactance increases both with the
inductance and the frequency of the
current.

L/R TIME CONSTANT
It takes time for current to build

up or fade away in an inductance.
The time depends on how much re-
sistance there is in the circuit. Un-
like RC circuits, where the resis-
tance increases the charging time of
the capacitance, in LR circuits (L is
the usual symbol for inductance)
the resistance reduces the time con-
stant; that is, more resistance gives
faster charging and discharging. The
time constant is L/R seconds; for
example, 10H and 5ohms give 2
seconds.

DEVICES
A coil suspended in a magnetic

field moves when energised by cur-
rent. In a loudspeaker the move-
ment is arranged to move a dia-
phragm. In a moving coil meter it
turns the pointer.

The system works in reverse. Mov-
ing the diaphragm generates a vol-
tage in the coil. This is the prin-
ciple of the dynamic or moving -coil
microphone. In relays the movement
operates switch contacts.

To be continued
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Our Sister Publication

PRACTICAL ELECTRONICS

features the following projects
in the December issue, now on
sale:

Micrograsp Robot
with ZX81 interface.
Stylochord Mini Organ.

Microfile 8 page pull-out
microprocessor data.

Plus, more than 100 readers'
Bazaar advertisements.

PLUE
TAKE NOTE
PUBLIC ADDRESS SYSTEM
(May to August 1982)

June 1982, page 402. The resistor
R23 10 ohm should be rated at
2 watts.

COMBINATION LOCK
(October 1982)
Resistor R3 in Fig. 1 (page 700)
should be 820 ohms not as shown.
A 1N4001 diode should be inserted
between switch S1 and battery
positive. Cathode (k) to switch S1
and anode (a) to battery positive.

SOUND SPLITTER
(September 1982)

The circuit diagram, Fig 7, for the
Remixer Box shown on page 565
should be replaced with the circuit
below.he

wiring diagram Fig. 8 for this
unit is correct.
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THE widespread use of complex elec-
tronics in vehicles has not come

about nearly as rapidly as in the case
of some other products, such
as watches and cameras. Although
quite simple circuitry is adequate for
vehicle burglar alarms, ignition sys-
tems and other useful systems, very
rapid developments have taken place
within the past year or so involving
the use of far more complex elec-
tronics in cars. Many manufacturers
are already competing with one an-
other for a share of what is already
becoming a hicrative market-esti-
mated at £1,500 million by 1985.

DEDICATED MICRO SYSTEMS
It seems certain that dedicated

microcomputer systems designed espe-
cially for vehicle use will take over
from the general purpose micro-
processor chips which are already
being employed in some cars.

Microprocessors can be used to pro-
vide near -optimum control of the fuel -
air mixture for maximum economy

and minimum dangerous exhaust
emission together with automatic
advance and many other functions.
Electronically controlled anti -lock
braking systems are available, whilst
radar controlled monitoring of the
distance of the vehicle in front is
possible with either the operation of
a warning indicator or the automatic
application of the brakes under con-
ditions which may cause a collision;
external temperature indicators can
automatically provide for a greater
braking distance when external tem-
perature is below freezing point.

DASHBOARD SYSTEMS
Microprocessors are also used in

some advanced dashboard systems
which continually inform the driver
of the number of miles -per -gallon
being achieved by his vehicle in digits
(with an alternative display of km
per litre), the temperature outside
the vehicle, and automatically moni-
tor many functions such as the oil
pressure for guidance of the driver.

A microprocessor controlled moni-
toring system has even been de-
veloped which actually tells the driver
in electronically generated spoken
words if a fault is present (such as a
low brake fluid level) or if a poten-
tial problem is developing (such as a
low fuel level in the petrol tank).

OVERCOMING RESISTANCE
There has been some considerable

resistance to the use of complex
microelectronic systems in vehicles
where traditional systems are not
easily changed and where reliability
of complex equipment is a vital con-
sideration. Strangely enough much
of the incentive for the recent de-
velopment of microprocessor control
systems has come from the controls
to be introduced by many countries on
exhaust gas emission and on fuel con-
sumption as petrol becomes more
precious. Future legislation is most
easily met by the microprocessor con-
trol of vehicle engines.
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COMPUTER, COMMAND,
CONTROL

One of the most amazing recent de-
velopments was the announcement by
General Motors just over a year ago
that virtually all of their petrol -
driven cars built in the USA will be
fitted with a small digital computer
about the size of a textbook. General
Motors produce Chevrolet, Pontiac,
Oldsmobile, Buick and Cadillac cars;
their Delco Electronics Division has
now become the largest manufacturer
of computers in the world with a pro-
duction of over 20,000 electronic
vehicle control modules per day at its
Kokomo and Milwaukee plants.

The electronic control module or
on -board computer is known as the
"brain" of the computer, command
and control system used by General
Motors. It receives inputs from
various sensing elements in the
system and provides commands to
numerous actuator devices which con-
trol many operations in the vehicle,
such as the ignition timing, the idle
speed motor, the electro-mechanical
carburettor and so on. The sensing
elements update the computer every
100 milliseconds, while every 12.5
milliseconds the system monitors the
vehicle for critical emissions and
driveability information.

In addition, the electronic control
module has a limited system -
diagnostic capability. If certain system
malfunctions occur, the diagnostic

(above) The brain of the
General Motors Computer
Command Control (CCC)
emission system is this
Electronic Control Module
(ECM).

Slightly larger than a
paperback book, this micro-
computer receives data
from engine mounted sen-
sors at a rate up to 160
times per second. The
ECM will perform up to
350,000 calculations per
second.

(right) General Motors
Computer Command Con-
trol System

(Heading Photo) Each 1981 model General Motors automobile
equipped with the Computer Command Control system receives
a final check at the end of the assembly line. The automobile's
on -board computer is connected to the assembly plant's com-
puter to check engine function operations in the Computer
Command Control system.

The "shape of cars to come" is how Roger B. Smith, GM Chair-
man, describes the new experimental Aero 2000 four -seater car.
The driver need not take his eyes from the road to see car speed,
fuel supply and similar readings reflected in the windshield (top
left). Road maps can be called up on a television screen (top
right). Possible vehicle trouble spbts are analysed in a console
diagnostic centre (lower right). A 180 degree rearward projection
replaces the three rear view mirrors that are on most cars.

This is the "heart" of an Electronic Control
Module (ECM), or micro -computer, which
commands the functions of GM's 1981
emission control system. This chip is
programmed to receive input from engine -
mounted sensors throughout the Com-
puter Command Control (CCC) system.

GM COMPUTER COMMAND
CONTROL SYSTEM
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"check engine" light in the instru-
ment panel will be illuminated, alert-
ing the driver to the need for a
service. The computer also assists the
service technician in returning the
system to its normal operating con-
dition by isolating the general area
of the system where the malfunction
has occurred.

However, we shall see that in cer-
tain cars the computer, command and
control system can carry out many
other functions.

EXHAUST -OXYGEN SENSOR
About six years ago General Motors

introduced a catalytic converter emis-
sion controlling device; this has no
moving parts, requires no owner -
attention, but is designed to control
the amount of oxides of nitrogen in
the exhaust gas emissions as well as
the carbon monoxide and hydro-
carbons. The catalytic converters con-
tain platinum, palladium and rhodium
-all precious metals.

An oxygen sensor having a cone -
shaped zirconia ceramic body, coated
inside and outside with platinum, is
now mounted in the exhaust manifold
ahead of the catalytic converter. The
sensor inside surface is open to the
atmosphere and the outer surface
is exposed to exhaust gases.

The difference in the amount of
oxygen on these inner and outer sur-
faces generates a voltage signal which
is related to the engine air/fuel ratio
and this voltage is passed to the com-
puter system. The latter produces an
output signal which directs the car-
burettor to deliver a richer or leaner
mixture to the engine to optimise the
catalytic converter performance.

The computer system also receives
information about the cooling system
temperature, the crankshaft rotation
rate (r.p.m.), the throttle position and
the manifold pressure. In some
models an electronically controlled
exhaust gas recirculation system
further reduces the exhaust gas
emissions.

ELECTRONIC TIMING
General Motors employ electronic

spark timing systems in most of their
petrol -driven cars. The microproces-
sor system is used to optimise the
ignition timing and dwell angle which
are programmed functions of the
engine speed, the mechanical load on
the vehicle at the time, the coolant
temperature and various other sensor
signals.

The electronic ignition timing sys-
tem is said to improve spark control
flexibility and accuracy and this
results in improved fuel economy
while still maintaining the stringent
exhaust emission requirements and
providing good driving performance.

The ignition advance weights and
the vacuum advance mechanisms

employed in conventional petrol
engines are not required in the elec-
tronically timed engines. The distribu-
tor used in the system contains a new
module developed especially for the
purpose.

Even the idle speed is electronically
controlled to compensate for transient
load changes (such as air condition-
ing, power steering and transmission
engagement) which require power
under idling conditions. The control
system maintains low engine idling
speeds so as to minimise fuel con-
sumption under urban driving condi-
tions.

In addition, the idle speed con-
troller will automatically compensate
for altitude -sensitive speed changes,
and will increase the engine speed
when this is needed to compensate for
hot engine conditions or too low a
battery charging rate.

TORQUE CONVERTER CLUTCH
In 1981 General Motors introduced

microcomputer control of their
torque converter clutch which
receives commands for engagement
or disengagement as a function of the
gear select, vehicle speed, engine
load, coolant temperature, throttle
position and brake status.

It is claimed that this system pro-
vides the convenience of automatic
transmission with the engaged effi-
ciency of manual transmission. It
allows more operating regions where
the clutch can be engaged so as to
reduce fuel consumption.

FOUR, SIX OR EIGHT
CYLINDERS?

Perhaps the most remarkable
development using the General
Motors Computer, Command and
Control System is available in a
6 litre Cadillac V8 engine. This can
be automatically converted into a
6 cylinder 4.5 litre or into a 4
cylinder 3 litre engine when the full
power of the 6 litre engine is not
required for the particular driving
conditions being encountered at the
time. The number of cylinders is
selected so as to minimise fuel con-
sumption while providing the perfor-
mance demanded by the driver.

This type of variable capacity
engine is known as a modulated dis-
placement engine and is the first of
its type in the world. Digital fuel
injection is employed with an electro-
mechanical system of inlet and
exhaust valve control under computer
command.

The change from one mode of
operation to another is stated to be so
smooth that the occupants of the car
are unaware that it has happened and
there is no lag or drag. The change
is effected by a -valve selector unit
which employs a single solenoid to
simultaneously deactivate both valves

of a cylinder. Both valves then stay
closed so that the piston operates as
an almost ideal spring with the result-
ant losses virtually zero.

Cadillacs fitted with this V8-6-4
engine have a digital mile -per -gallon
readout which displays on demand
the instantaneous and average fuel
consumption accurate to 0.1 mile -per -
gallon, together with the anticipated
range based on the average fuel con-
sumption and the amount of fuel
remaining in the tank.

The number of cylinders being
actively used at any time is also dis-
played. This display enables the driver
to learn to optimise the fuel economy
of the vehicle and to learn to be a
more efficient driver, while he is free
to use full power when he is in a
hurry!

SELF -DIAGNOSIS

The computer, command and con-
trol system also provides a diagnos-
tic system for monitoring the engine
control system sensors and actuators
for proper operation. It will memor-
ise any malfunctions (including
temporary ones) and alert the driver
by means of an instrument panel
warning light.

If necessary, the system will substi-
tute nominal values for the signals
from critical sensors so as to allow
the car to be driven until repairs can
be made.

It also enables a service depart-
ment to "interrogate" the micro-
processor and obtain answers from a
digital display on the instrument
panel. When a serviceman grounds a
'trouble code' test lead terminal under
the dashboard, a light will flash a
unique code indicating the fault code
and the problem area. The serviceman
can then use his trouble -shooting
chart to find the defective component.

RELIABILITY
Many people think-often quite

rightly-that the more complex the
system, the more there is which is
likely to develop a fault. This is
especially important in vehicles where
a failure is far more of an inconveni-
ence than the failure of, say, a
domestic television receiver.

Each completed computer is there-
fore put through a complex eight
hour test extending over a wide
temperature range, with sample tests
from -40°C to +85°C. The warranty
on the computer, command and con-
trol system is for 50,000 miles or five
years, whichever occurs first.

Each vehicle produced receives its
final check at the end of the assembly
line with its own "on -board" computer
connected to the assembly plant's
computer, when many tests are
carried out and any necessary adjust-
ments made.
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EUROPEAN DEVELOPMENTS
In Europe the use of electronics in

cars has been relatively modest when
compared to the complex computer,
cormnand and control system just dis-
cussed. This is not really surprising,
since European cars are generally
considerably smaller, more efficient
and more economical-apart from the
fact that the USA semiconductor
industry is more highly developed.

Bayerische Motoren Werke AG
(BMW) of Germany has introduced
a microprocessor in its 55 series of
cars. They claim two unique develop-
ments, namely their service interval
indicator and the energy control dis-
play. The service interval indicator
was developed in order to replace the
conventional idea of servicing a
vehicle at fixed mileage intervals.

Sensors provide information about
the engine speed, the engine tempera-
ture and the distance travelled since
the last service together with the
time since the last service. The ser-
vice indicator remembers the load and
operating conditions of the engine
since the last service and computes
whether it is time for the car to be
serviced again.

As an example, one may mention
that the time during which the oil is
at a temperature of less than +55°C
is important, since there is extra wear
during this warm up period and dur-
ing this time the oil is degraded more
quickly than in a fully warmed -up
engine. Similarly extra wear occurs
at over 4,000r.p.m.

One type of display involves the
use of five green 1.e.d.s, one yellow
1.e.d. and three red I.e.d.s on the
instrument display. These indicators
advise the driver when an oil change
is required and when the vehicle re-
quires servicing.

IMPROVING DRIVING HABITS
The calculation is performed

according to a special formula derived
through extensive testing and which
gives a good indication of the actual
demands placed on an engine. It was
found that most drivers can expect
to have longer intervals between ser-
vicing with this system which offers
the driver the first opportunity of
influencing his car's service times
through his own driving habits.

When the car has been serviced,
the service interval indicator is reset
with a special key. The unit has a
back-up battery which will support
the indicator for a period of four
months, such as when the car is not
used and its battery has been removed
for charging.

The car uses an electronically con-
trolled injection system in which the
amount of fuel entering the cylinders
is accurately measured. This is com-
pared with the distance travelled
(using pulses derived from the
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Fig. 1. The Bosch L-Jetronic system used in the BMW series 5 models.

FUEL
INJECTORS

speedometer system) to give the
instantaneous fuel consumption.

FUEL INJECTION SYSTEM
In some of the BMW series, the

Bosch L-Jetronic system of fuel in-
jection is used (Fig. 1). Engine speed
is detected by a sensor adjacent to
the flywheel, the passage of each
tooth on the flywheel generating two
pulses. Thus the 232 pulses per revo-
lution using 116 teeth enables the
crankshaft angle to be determined
to within 1.55 degrees. The load on
the engine is found by a sensor which
measures the volumetric air flow into
the cylinders and the required timing
angle is calculated accurately. The
fuel injection time is calculated from
the air intake and engine coolant
temperatures, the throttle position
and the engine speed.

The control system can modify the
engine performance at certain speeds
using pre-programmed instructions.
For example, the engine speed sensor
can be used to shut off the fuel when
the engine speed exceeds 1200r.p.m.

The system will also provide a
mixture enriched by a factor of two

for cold starts, but as soon as the
engine fires, the mixture composition
is returned to its normal level during
warming up. Only when the engine
temperature reaches its normal work-
ing value is the normal air -to -fuel
ratio employed.

The on -board microcomputer: the SAB
80215 is a key device in providing the
driver with a variety of information. Such
as actual fuel consumption, as well as
time and average speed. It can be so
programmed that warning signal sounds
when a set speed is exceeded.
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Fig. 2. A block schematic diagram for the British Leyland reed switch
system.
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BRITISH LEYLAND
In the UK British Leyland has

been developing distributorless igni-
tion systems. One such system is
shown in Fig 3 in which pulses from
a camshaft synchroniser are fed to a
computer which in turn drives two
power amplifiers. The primary cur-
rent flows through the split -primary
of the ignition coil in a direction
which is dependent on the particular
power amplifier which is conducting
at the time.

According to the direction of the
primary current, two of the diodes
in the ignition coil secondary circuit
are biased to conduction. Two of the

1

\CAM SHAF T
SYNCHRONISER

sparking plugs are fired in series, but
only the one causes ignition of the
mixture. A disadvantage of this sys-
tem is that energy is wasted in the
firing of the second plug. At the next
part of the ignition cycle, the other
power amplifier conducts and the
other two plugs fire.

Fig. 2 shows another system in
which high voltage reed switches are
employed to control the firing of the
sparking plugs. Reed switches which
must withstand 30kV to 50kV are
not cheap and their life is not unlimi-
ted. However, only one power ampli-
fier is needed. In this system the
ignition coil current is first turned on,
the selected reed switch is then closed

l -12V

2
.L

V
1 2 3 4

and the spark occurs when the igni-
tion coil current is interrupted. The
reed switch opens only after the spark.

SPEAKING CAR
Toyota of Japan has introduced

what is said to be the first talking
car which contains a speaking moni-
tor system that tells the driver if
his seatbelt is unfastened, the lights
are left on or if any similar faults
or potential faults are present.

The system, developed jointly by
Toyota and Matsushita, employs the
latter's MN1599 microcomputer
together with their MN2332 memory
and digital to analogue converter.

\ IGNITION COIL b
HIGH VOLTAGE DIODES

Fig. 3. A block schematic diagram for the British Leyland
ignition circuit with diode current routing. The high voltage
diodes replace the reed switches shown in Fig. 2.

POWER AMPLIFIERS

'----1110 4

....-4117r--4--1 I I. 3

SPARK PLUGS

CONCLUSION
The examples discussed in this

article are only a beginning; some
cars are already only as reliable as
their electrics and soon they will only
be as good ass their electronics! L:(
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LOUDSPEAKER AMPLIFIER SYSTEM
for
Personal Stereo
Cassette Player
When at home you can now enjoy
loudspeaker reproduction from your
Personal Cassette Player. This 5 -watt
stereo amplifier is fed from the head-
phone outlet socket to provide
adequate output for the bedsitter,
teenager bedroom or private den.
Built-in power source to power the
player and save your batteries.

4.

9
42A1e/A'

OPTO REPEATER
To complement the Security Vari-Light featured in the
December issue, this unit enables further lamps to be
optically coupled to the main control lamp, thus creating
the effect that more than one room is occupied. The whole
system is simple to install and requires no complicated
mains wiring.

PL IMIORE
SIEDAC prize Winning' projects

Analogue to Digital Converter
Coulomb Meter

JANUARY 1983 ISSUE ON SALE FRIDAY, DECEMBER 17
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VELOCITY
IYIEASURER

BY B. DHANDA, M.FINNEMORE & M. STOLLERY

THE idea of the designers of this
project was to build an accurate,

cheap and practical piece of equip-
ment that would repeatedly measure
the velocity of a moving object,
and store the results in a semi-
conductor memory to be dis-
played later an a seven -segment
readout. This information would then
be useful for plotting velocity -time
graphs for many moving objects such
as moving trolleys, falling spheres

and so on.
It was decided to use an ultra-

sonics beam, and for this to be re-
flected off the moving object back
towards the transmitter. The received
ultrasonic signal would be at a
slightly different frequency. The
faster the object is moving, the
greater the difference between trans-
mitted and received frequencies. This
phenomenon is known as the Doppler
Effect.

TICKER TIMER METHOD
The Velocity Measurer described

here was designed to take over the
role of Ticker Timer method of deter-
mining velocity of moving objects,
which is in common use in school
laboratories.

The Ticker Timer is a small electro-
mechanical device. A velocity record-
ing can be obtained by threading one
end of the paper ribbon through the
Ticker Timer, and sticking the other
end to the moving object. When the
object moves it pulls the paper
through the Ticker Timer which is
printing 50 dots every second.

When the abject moves faster the
paper also travels faster, which means
the dots are spaced further apart.
This ribbon of paper is later cut up
into 10 dot segments which are stuck
side by side onto a piece of paper
to form a velocity -time graph.

Some of the major drawbacks of
the Ticker Timer method are:

1. The object which is being
measured must be connected to
a long strip of ticker -tape which
introduces a certain amount of
friction. This means that any
results obtained may be affected
by this friction.

2. Cutting up the. Ticker Timer tape
and constructing the velocity -
time graph takes a long time to
produce.

HOW IT WORKS

TIWISM11111,
TIMISDUCE¢

MOVING

.40k Fix
OSCILLATO¢

THE Velocity Measurer can be used in
the laboratory with greater ease

and accuracy than with conventional
methods of taking velocity measure-
ments, such as with the electro-
mechanical ticker timer. It is capable
of measuring small changes in velocity
at selectable sampling rates, and to store
this data in a semiconductor memory.
After the experiment, the data may be
read out in single steps to allow a
velocity -time graph for any moving
object to be plotted.

The project uses ultrasonics for
determining velocity of the object
based on the Doppler effect. The unit
emits a constant frequency 40kHz
sound wave. This reaches the object
and is reflected back to an ultrasonic
transducer mounted on the unit. The
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3. The Ticker Timer cannot be used
to take measurements on oscilla-
tory motion nor movements to-
wards itself.

The main advantage of Measurer
is that there is no physical contact
with the object, which in turn, means
there is no friction to affect the
readings. According to the designers
the only significant disadvantage of
their unit, compared with the more
conventional Ticker Timer is that the
user has very little idea how the
device obtained its velocity readings,
though on the other hand, it could be
used to demonstrate Doppler shift
and ultrasonics in the laboratory.

DOPPLER SHIFT
This project has been designed to

make use of an effect known as the
"Doppler Shift". Consider a stationary
source of radiation at frequency f,
being aimed at an object moving
directly towards the source at velocity
v. The waves rebounding from the
object to reach a receiver adjacent
to the source will be found to be at
a different frequency f2 to the trans-
mitted waves. This difference in fre-
quency (ft f,) is called the Doppler
shift and is given by the formula:

Doppler shift= (f>- (2
c
X

fi

where c is the velocity of propagation
of the transmitted wave.

DIErITAL DISPLAY

102

ADDER

SOUL, STATE
METsOITY 4-

moving object causes the reflected
sound waves to apparently increase in
frequency in proportion to its velocity.
The circuitry computes the difference in
transmitted and reflected frequencies
to calculate the speed of the object.

Sixteen spot velocity measurements
are made during the motion of the
object on release of the START switch,
5 per second, 10 per second or 50 per
second depending on the setting of the
Speed Selector Control Switch.

Outputs exist on the unit (1) to allow
connection to a proprietary memory
bank to store the results of many
experiments which is able to feed a
chart reader to automatically produce
velocity -time graphs; (2) for connection
to an oscilloscope to display velocity
directly.

COMPONENTS

Resistors
R1 220k0 R11 10MS2 R21 1000
R2 220k0 R12 10k0 R22 82k0
R3 10M0 R13 100kil R23 8.2k0
R4 4.7k0 R14 1142 R24 680kL2
R5 4 7k0 R15 100kO R25 3900
R6 -IMO R16 2-2k0 R26 to
R7 100k0 R17 100k0 R51 2200 (22 off)
R8 100142 R18 5.6k0 R52 1.5k0
R9 27k0 R19 1242 R53 10010W 5%
R10 3.31d2 R20 10k0 R54, 55 4.7k0 (2 off)
All INA/ carbon +5% except where stated otherwise

Capacitors
C1 100nF ceramic
C2 22pF ceramic
C3 2.2nF ceramic
C4 22pF ceramic
C5 10nF ceramic
C6 10nF ceramic
C7 1µF 35V tantalum bead
C8 100nF ceramic
C9 1µF 35V tantalum bead
C10 0.47µF 35V tantalum bead
C11 0.22µF 35V tantalum bead
C12 100nF ceramic
C13 10µF 16V tantalum bead
C14 22µF 16V tantalum bead
C15 47µF 16V tantalum bead

C16 100nF ceramic
C17 10nF ceramic
C18 1nF ceramic
C19 4.7nF ceramic
C20 10nF ceramic
C212, 2nF ceramic
C22 100n F ceramic
C23 1µF 35V tantalum bead
C24 10µF 16V tantalum bead
C25 15pF ceramic
C26 220nF polyester type C280
C27 220nF polyester type C280
C28 470nF polyester type C280
C29 470nF polyester type C280

See

Sho
Tali(

Potentiometers
VR1, 7, 8 10ki2 (3 off)
VR2 101d1 horizontal mounting preset
VR3, 6 5k0 (2 off)
VR4 100kil
VR5 50k0
VR9 1Mil
All 3 inch long 20 turn cermet types except where stated otherwise

Semiconductors
D1, 2, 3 1 N4148 small signal silicon (3 off)
D4, 5, 6, 7 TIL209 red I.e.d.s (4 off)
D8 1 N4001 1 A 50V rectifier diode
D9 Integral part of S4 or TIL209 red I.e.d.
C1, 2 NE531 op -amp (2 off)
C3, 4 741 op -amp (2 off)
C5 9400CT frequency -voltage converter i.c.
C6, 7 555 timer i.c.
C8 74LS393 TTL low power Schottky dual 4 -bit binary counter
C9 7493 TTL 4 -bit binary counter
C10 74LS42 TTL low power Schottky b.c.d./decimal decoder
C11 7413 TTL dual 4 -input NAND
C12 7400 TTL quad 2 -input NAND
C13 ZN427E 8 -bit analogue -to -digital converter
C14 7400 TTL quad 2 -input NAND
C15 7493 TTL 4 -bit binary counter
C16, 17 7489 64bit bipolar RAM configured 16 x 4 bits (2 off)
C18, 19 7404 TTL hex inverters (2 off)
C20-22 74185 TTL binary-to-b.c.d. encoder (3 off)
C23-25 7447 TTL b.c.d./7-segment decoder/driver (3 off)
C26 7805 5V 1 A voltage/regulator monolithic (TO -220)
C27 7905 -5V 1 A monolithic voltage regulator (TO -220 case)

LED1, 2, 3 MAN72 or other common anode 7 -segment I.e.d. display (3 off)

page 826

£60
excluding
p.c.b.s & case

Miscellaneous
X1 40kHz ultrasonic receiver transducer
X2 40kHz ultrasonic transmitter transducer
S1 4 -pole 3 -way rotary switch
S2, 3 1 -pole 2 -way momentary action push button switch (2 off)
S4 double -pole on/off latching push button switch with integral I.e.d.

indicator (D9)
PL1 4mm plug red
PL2 4mm plug black
SK1 4mm socket green
SK2 4mm socket yellow
The above list contains only a description of the items appearing in the circuit
diagrams. Hardware is not itemised as this will vary with requirements and
layouts of individual constructors. We recommend the use of d.i.l. sockets for
all the i.c.s.
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The shift is seen to be propor-
tional to the velocity v of the abject
and the transmitted frequency, 1'1.

Thus by keeping f, constant, the
object velocity may be determined by
measurement of the "shift".

When the above equation is applied
to a trolley at 10 cm/sec, and an
ultrasonic frequency of 40kHz aimed
at the object, the Doppler shift is
found to be quite small, approxi-
mately 24Hz, (c=33,000 cm/sec).

CIRCUIT DESCRIPTION
For convenience and clarity, the

circuit diagram for the Velocity
Measurer has been divided into
several sections.

Consider the stages shown in
Fig. I. This contains the ultrasonic
transmitter, ultrasonic receiver and
:other analogue signal processing cir-
cuitry and timing signals to provide
an 8 -bit wide digital signal of magni-
tude numerically equal to that of the
velocity of the moving object being
measured.

The output of IC6, a 555 timer i.c.
in an astable configuration, feeds X2,
an ultrasonic transmitter transducer
operating at 40kHz. The frequency of
operation is determined by 018, VR6,
R18 and R19. It may be adjusted to
the required 40kHz resonant fre-
quency of X2 by means of VR6.

Some of the radiated ultrasonic
beam from X2 is reflected by the

moving object to reach Xl, the ultra-
sonic receiver transducer. The re-
ceived signal generates a very small
voltage across Xl. Amplification of
this signal is provided in two stages
by high -frequency op -amps ICI and
IC2.

The amplified received signal is
mixed with the transmitted signal,
taken from IC6 pin 3, across VR1.
The mix reaching the following stage
is variable by means of VR1 wiper
position. The effect of the diode D1
is to act as a demodulator to provide
sum and difference frequencies of the
transmitted and received signals. This
will give the low frequency Doppler
shift component and a much higher
frequency.

RECEIVER AND AMPLIFIER

X1

R3C4

220k12

DEMODULATOR AND AMPLIFIER SCHMITT
TRIGGER

TO IC1 PIN 7

C2 22pF

2

R3 /0M/2

R2
220412

TO IC2 PIN 7

R5
4.7kR

R6 1M/2

TO ICI PIN 4 TO IC2 PIN 4

V RI
10412

a

R7 R8 C7

10040 100417 IMF

C)D1
IN4148

TO IC3 PIN 7 TO IC4 PIN 7

mom
mum mem

C5 C6
;OnF lOnF

R9
27k0

2

1C3
741

5

RII
10Mn

VR2
10511

810
3.35(0

10 1C3 PIN 4

3

2

IC4
741

TO IC4 PIN 4

X2
T3C4

C16

.A11"."4
10C, F

C17
0nF

4 S 8

IC6
555

C18
1nF

VR6 skn

RIS
5.6412

VR7
1040

819
12512

820 1040

2

C19 MIN

IC7
555

40 kHz TRANSMITTER
OSCILLATOR

OnF

14

VCC
CKB

IC8
74L 53 93

03A

CKA 03B

RESET
A B GND

12 112 7

13

821

VCC

}RESET

IC9
74 93

CK2

CI 0

03

01

CK1 02

GND

10

12

11

9

C21
2.2nF

10.021

Sic

READ
RATE

10.21

12.8 kHz CLOCK AND DIVIDERS

Fig. 1. Circuitry of the ultrasonic transmitter and receiver, analogue signal processing and timing stages of the Velocity Measurer.
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The latter is removed by the cas-
caded low filters composed of R7/C5,
R8/C6 allowing the law frequency to
reach IC3, a further op -amp con-
nected as a high gain ( x 3000) vol-
tage amplifier. VR2 is the off -set null
control.

SCHMITT TRIGGER
Op -amp IC4 is wired as a Schmitt

trigger with reference voltage set by
VR3. The action of a Schmitt trigger
is to clean up a waveform by pro-
ducing a well-defined square wave
at the same frequency. The square
wave produced here is further pro-
cessed by the differentiator circuitry
C8 and R12 to produce negative and

positive going spikes, limited in ampli-
tude by diodes D2 and D3 to keep the
input level to IC5 within acceptable
limits.

FREQUENCY -VOLTAGE
CONVERTER

It can be seen that the spikes are
produced by the moving object and
are of a frequency equal to the
Doppler shift. IC5 is known as a
frequency -to -voltage converter i.c. It
produces an output voltage, pin 12,
which is linearly proportional to the
input frequency.

VR4 in conjunction with C9, C10,
or C11 as selected by Sla forms part
of the scaling circuitry required to

cater for the three different sampling
periods. R14 with either C13, C14 or
C15 as selected by Slb form simple
low pass filters to reduce the voltage
fluctuations that appear at the output.

To provide an output voltage level
that was in direct relationship to the
velocity of the moving object, in
cm/sec, the output from the fre-
quency -to -voltage needs to be reduced
by a factor of 0.41. This is achieved
using a potential divider composed of
VR8 and R23. The analogue output
between SK1 and SK2 may be con-
nected to an oscilloscope to give a
graphical representation of the
moving object, or a Harris Data
Memory Unit for storage of many
results.

INPUT VOLTAGE LIMITER FREQUENCY- TO VOLTAGE CONVERTER

C8
100nF R13 100kI2

VR3 R12

5k12 10k11

a

a

D3
1N4148

12

C11

0.22pF

IC5
9400CT

IL...4 1

I
IC5 P1N14

VR4
100kl2

""--am---""i0t20,F

R15 100kR

R17
100ka

R16
2.2611

VR5
50k12

(20

15

12

14

13

6

11

16

AO

A3

Al

A2

5

VCC

Idlo
74LS42

GND

8

IC11 PIN 14

IC11 7413

IC12 7400

C25
15p F

10

13

1012 PIN 14
C22 "Me

100nF

IC12a

I
IC11a

C12b

R22
82),f1

VR8
10612

6

R23
8.2k11

IC11 PIN 7 IC12 PIN 7

R24 680611

1C13
Z N4 27E

VIN VCC

VREF IN

VREF OUT

GND BIT1

EOC BIT

OE BIT 3

NEXT BIT 4

BIT 5

SC BIT 6

BIT 7

BIT 8
CK

Imo VR9 thin

R25 39012
10

7-1
11 LSB

12

13

14

15

16

17

8 MSB

TO IC16
AND IC17

r---1 C23
iNF

CSV)
561 c

ANALOGUE
OUTPUT

SK2

DIVIDED CLOCK

CONTROL PULSE GENERATOR
FOR A-TO-D CONVERTER

ANALOGUE-TO-DIGITAL CONVERTER

TO IC14c
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ANALOGUE DIGITAL
CONVERTER

The scaled down analogue voltage
reaches pin 6 of IC13 the input of
an analogue -to -digital converter. This
produces an 8 -bit wide binary number
proportional to the magnitude of the
input voltage. By suitable scaling the
digital output may be made to repre-
sent the actual numerical value of
the velocity (in cm/s) of the moving
object being measured.

IC7 is a 555 timer i.c. connected
in the free -running mode adjustable
by VR7. It is set to oscillate at
12.8kHz which provides the clock for

IC13. This frequency is also input to
IC8, a dual 4 -bit binary counter i.c.
The two counters have been series
connected to provide a divide -by -256
counter. The resulting 50Hz clock
from 1C8 is available at one position
of Slc and also feeds the clock input
of IC9 connected as a 4 -bit binary
counter.

IC9 outputs reach the binary inputs
of ICIO to yield at outputs "5" and
"9" further division of the clock
frequency by factors of 5 and 10
respectively. These are available at
Slc. At the end of each timing period,
that is 20ms, 100ms or 200ms, a pulse

is generated to reset IC9 to zero
output.

ICIla, a spare gate connected as
an inverter and IC12a and b wired
as an R -S bistable, control the periods
when IC13 converts the analogue
input at pin 6 to digital data, pins
11 to 18.

CONTROL LOGIC AND
MEMORY

The next stage of the circuit to be
described is shown in Fig. 2. Here we
can see the logic circuitry associated
with the Start and Step switches
which control the data written to and

START SWITCH
& DEBOUNCE

DELAY & CONTROL ICI1b BINARY COUNTER
LOGIC -IC12c,d STEP SWITCH & DEBOUNCE INTERNAL MEMORY

-4
INVERTERS

FROM DIVIDED CLOCK

I_5TART

C24-
70,u F

1C14
7400

101014c

I 2IC14d
14

CC

IC15
7493

CK1

RESET

GND

CK2

00

02

03

10

12

9

FROM
IC13

LSB Os

15

14

4 6 10 2

DI1 172 DI3 DI4

AO

Al

13

53

DOI

1C16 D02
7489

003

A3 DO4

GND ME WE
8 21 3

5

7

10 112

3

Al

A2

DIl DI2 013 DI4
,N3 DOI

1017 D02 7
7489 9

D03

5

A3 1004
11

GND ME WE
Al2 3

IC14 pin7 IC19 pin7

ICI6, 17 *16

IC18a-d
7404

IC19a-d
7404

Fig. 2. Circuitry of the memory control logic and the display stages of the Velocity Measurer.
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read from the memory (RAM) chips
IC16 and 17.

Mechanical switches such as those
specified for Start and Step are liable
to produce contact bounce when
operated which would severely inter-
fere with the successful function of
the unit. To eliminate this possibility,
debounce circuitry has been included
for these switches. This is provided
by cross coupled NAND gates, IC14a
and 14b for S2, and IC12a and 12b
for S3.

One output from S2 debounce
circuitry controls the memory read/
write pins on IC16 and IC17. The

other output controls the clock pulses
to IC15 whose outputs provide
addressing information for the
memory. After all 16 memory loca-
tions have been addressed by IC15,
a low pulse is generated by IC11b
to reset S2 latch.

The delay given by R26 and C24
holds the memories "open" briefly to
enable them to take in the last
reading.

Single stepping through the mem-
ory can be accomplished using S3.
This facility allows the user to read
and record memory contents dis-
played on the 7 -segment read-out.

Each time S3 is pressed, a debounced
level enables the divided clock pulse
to advance the address counter, IC15.

The data to be written into memory
when Start is pressed is that at the
output of IC13. The least significant
4 -bits are written into IC16, with the
most significant bits into IS17.

BINARY TO B.C.D.
The binary from the memory chips

needs to be encoded to allow the in-
formation to be displayed on three
seven -segment read-outs. The cir-
cuitry to accomplish this is shown in
Fig. 2. The eight data lines from

BINARY -TO- BCD CONVERTERS DISPLAY DRIVERS AND COUNTER INDICATORS
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D8

1N6001

FROM SMOOTHED
D.C. POWER SUPPLY

(SEE TEXT)

S4 a ION/OFF I

0

PI2 yy
0

S4 b

r-
1 4]

D9,

I IL_ __I

R53

1012

C 26
220nF

IC26
OUT

7805

CCVMON

C 28
470n,

C27
220nFmmo

COMMON

31N IC27
OUT

2

7905

C29470nF

1 R54
4.7k0 -

R55

4.7k12

O

Fig. 3. The power supply used in the prototype Velocity Measurer.

memory are buffered and inverted by
1C18 and 19 before reaching the vari-
ous inputs on 1C20 to 22. These i.c.s
are derived from custom 256 -bit ROM
i.c.s type 7488. The 74185 will provide
binary-to-b.c.d. conversion as required
by the display circuitry.

The binary input forms the address
to the cell containing 8 -bits of data.
The result is two 4 -bit wide digits
for the two least significant display
digits, and one 2 -bit wide digit for
the most significant display digit. This
information reaches the input of 7 -
segment decoder i.c.s, 1C23 to 25 to
appear on I.e.d. displays LED1-3.

The four lines to the memory
address inputs also reach the display
panel to light up combinations of four
l.e.d.s, D4 to D7, in binary format.
This provides the user with the neces-
sary visual indication of the precise
memory location being addressed.
Position in the memory bank is time
related and will, with knowledge of
the position of SI allow velocity -time
graphs to be plotted.

POWER SUPPLY CIRCUITRY
The final part of the circuit is the

power supply circuitry built into the
prototype Velocity Measurer. This
appears in Fig. 4.

The circuitry was found to need
a smooth and low noise power supply.
This was found available in the
designers school laboratory and con-
sisted of a Radford Labpack with
Smoothing Unit attached and was
operated with the Selector set to 14V.

The basic requirement for the
"electronics" is a +5V, OV, -5V
split rail at 0.5A, and may be realised
in a number of ways, and without the
need for the above mentioned or
similar equipment.

To produce. the required voltages
from the mentioned school equip-
ment, fairly conventional circuitry
was employed as shown in Fig. 3.

Diode D8 is included for protection
should the input supplies be reversed
in error. Switch S4 on to supply
power to the circuitry. This is indi-
cated by D9 lighting up.

1C26 and 27 are monolithic voltage
regulators able to supply a smooth
and stabilised voltage of +5V and
-5V respectively at currents up to
1A. Input voltage may be as high as
35V, but the devices will need to be
mounted on substantial heatsinks for
such input voltages. Capacitors C25
to 28 are included for reasons of
The completed prototype
with lid removed showing
interboard wiring.

stability.
This part of the circuitry gave

problems to the designers of the
system which have not been fully
overcome. The power supply section
runs very hot after about 20 minutes
use. Constructors are advised to seek
or design alternative power supply
circuitry.

SETTING -UP CALIBRATION
Transducer Resonance

The running frequency of the trans-
mitter oscillator, 106, is adjustable
using VR6 and this should be set so
that both transducers resonate. To
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The p.c.b. containing most of the circuitry shown in Fig. 1.

find this setting, place a hard, flat -
faced object about 20cm in front of
the transducers and adjust to find
the position resulting in the strongest
signal at the output (pin 6) of IC1.
Setting Adder and Schmitt Trigger

Move a flat object, for example a
book, to and fro in front of the trans-
ducers and adjust the adder, VR1, so
that movement of the object results
in a strong signal from IC3. Next
adjust the Schmitt trigger, using VR3,
so that any noise or mains hum in
the signal from IC3 is rejected. A
clean, square wave should emerge
from IC4 when the object is moving,
and no signal when the object is
stationary.
Zeroing Converter

VR5 gives the zero adjustment of
the Frequency to Voltage Converter
(IC5) and this should be set so that
with no incoming signal the output
(pin 12) is at zero. VR9 gives the
zero adjustment of the Analogue to
Digital Converter (IC13) and this
should now be adjusted, with the
Start button held down, so that the
seven -segment displays are just read-
ing zero.

Close-up view of the prototype display board.

Top view of the p.c.b. which contains the memory i.c.s and
display decoder i.c.s in the prototype.

Calibrating Converter
Using a signal generator, inject a

square wave of frequency 600 Hz and
amplitude 5V at pin 6 of IC4. (Signal
generator ground should be connected
to some point at OV, for example,
SK2). Adjust the scaling resistor,
VR4, of the Frequency to Voltage
Converter so that the output (pin 12)
is just 4.0V. (Check that this falls if
the signal generator frequency is
slightly reduced).

With the Start button held down
and the 600 Hz signal injected, adjust
the input scaling of the Analogue to
Digital Converter using VR8 so that
the seven -segment displays just read
255. Again, check that this figure
falls if the signal generator frequency
is slightly reduced.
Calibrating Read Rate

The read rate is controlled by the
frequency of oscillation of IC7. Adjust
VR7 until the frequency is 12-8kHz.

FEATURES
The Velocity Measurer when

started will automatically take 16
readings of velocity at equally spaced
intervals (a) 50 times per second

(b) 10 times per second or (c) 5
times per second depending on the
setting of the Read Rate switch, Si.

There are three controls sited on
the front panel of the prototype:

START This control is used to
reset the system and when released
starts the Measurer recording. If this
button is held depressed, the device
gives a direct reading of the velocity
of the moving object:

STEP This control allows the
user to step through each of the 16
memorised velocities, the memory
location being indicated by one dis-
play and the velocity displayed on the
seven -segment read-outs.

READ RATE This rotary control
sets the rate at which the
Measurer takes its spot readings of
velocity-every 0.02s, every 0.1s or
every 0.2s. Also, if the unit is being
used as a direct reading velocity
meter, Read Rate controls the rate
at which the display is updated.

There are two displays. One gives
the velocity reading in cm/second on
a 3 -digit 1.e.d. segment display. The
second is a row of four discrete l.e.d.s
which shows the location of memory

The tier arrangement of the p.c.b.s in the prototype unit.
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Measuring the oscillatory motion of a swinging aluminium plate. Using Measurer to determine velocity of a trolley on incline.

TIME TIME TIME

(E1) (b) Icl

Fig. 4. Velocity/time graphs plotted using the Velocity Measurer (a) small trolley
down incline (b) free -falling object (c) an oscillating object (pendulum bob).

being displayed. This read out is in
binary.

LIMITS
At about 2 metres from the device

reflected sound becomes weak from
small objects, and this means at dis-
tances further than 2m, a large sur-
face (a sheet of aluminium for ex-
ample) is needed to reflect the sound.
The device cannot read velocities
higher than 2.55 metres per second.
TYPICAL USES

Some applications in which
device has proved effective are:

(i) Taking the necessary velocity
and acceleration measurements
of the small trolleys used in
school dynamics investigations.
(Acceleration is shown by the
gradient of the velocity -time
graph which emerges).

(ii) Measuring the acceleration of
freely -falling objects. For ex-
ample, using a football falling
about 1 metre the resulting
figure for acceleration was in
close agreement with free -fall
theory.

(iii) With the Harris Data Memory
attached, recording velocity
against time for oscillating ob-
jects. For example, reliable read-
ings were obtained using a piece
of wood about 20cm square
swinging pendulum -fashion on
0.5m of string.

(iv) Taking direct measurements of
speed in the laboratory where
normally the use of a stopwatch
and metre rule would prove
necessary. For example, it was
able to measure the speed of a
water wave running along a
trough.

the

OTHER FACILITIES
The Velocity Measurer can be con-

nected to a "Harris Data Memory
Unit" by connection at SK1 and SK2.
The ability to, do this greatly in-
creases the number of velocity read-
ings that can be handled. Then later,
by simply connecting the Data Mem-
ory to a Chart Recorder, an automatic
velocity time graph can be. plotted.

Furthermore, if an oscilloscope is
connected at SKI and SK2 then it
will display directly the speed being
sensed and does so independently of
the Start switch.

Three levels of filtering are selec-
ted at the output using the Read
Rate selector. In the 0.02s setting, it
enables the output to change at up
to 100 cm/s2 at the expense of
"bobbling" at low speeds; in the 0.2s
setting, the "bobbling" is sufficiently
low that speeds as low as 10cm/s may
be accurately measured.

OPERATING INSTRUCTIONS
1. Connect a suitable power supply at

PL1 and PL2.
2. Turn on the Velocity Measurer

at S4.
3. Point the ultrasonic transducers at

the object whose velocity is to be
measured.

4. Turn the Read Rate control to the
appropriate reading rate for the
experiment in mind. You are now
ready to take measurements.

5. At the appropriate time in the
motion of the object, press and
release the Start switch. When this
switch is pressed the memory is
prepared to receive readings. When
the switch is released readings will
be taken and stored.

6. When all the memory locations

Measuring the speed of a water wave.

have been filled, no more readings
will be stored in the system, and
the system, will be ready to display
its results. To obtain these results
press the Step switch. The first
reading will then appear. Press
again to obtain the next stored
reading. This will continue up to
a total of 16 readings and will then
repeat. The memory location being
read will be displayed on the dis-
crete l.e.d. read-out in binary
format.

7. Repeat from 4 above for same or
next experiment.

no
Ile III

" 321011 0111i =1111/ al IMO
es iM ..111k -= =ft AM

fte

44.
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ELECTRONIC
HOBBIES FAIR

Alexandra Pavilion London November 18 211982

The biggest and best event ever to be
staged for the

electronic hobbies enthusiast!
Walk into a whole world of electronic

equipment. - Everything from resistors, IC's to
home computers, transmitting and receiving

units, citizens band radio and peripheral
equipment, video games, musical instruments,
radio control models.... In fact whatever your
particular electronic hobby you'll find this show

will be the most interesting and informative
way to discover all the latest developments in

your particular field.
Other attractions will include radio and TV

transmission, electric vehicles, radio controlled
models, and demonstrations by local and

national organisations.
This is the age of the train - British Rail are

offering a cheap rate rail fare from all major

stations in the country direct to Alexandra
Palace -a bus will be waiting on your arrival to
take you to the show. Ticket price also includes

admission to the exhibition - so let the train
take the strain to the Electronic Hobbies Fair.

Ticket prices at the door are £2 for adults, El for
children but party rates are available for 20

people or more. To find out more, contact the
Exhibition Manager Electronic Hobbies Fair

IPC Exhibitions, Surrey House, 1 Throwley Way,
Sutton, Surrey SM1 400. Tel: 01-643 8040

Electronic Hobbies Fair is sponsored by
Practical Electronics, Everday Electronics and

Practical Wireless and is organised by
IPC Exhibitions Ltd.

OPENING TIMES
Thursday 18 Nov. -10.00-18.00
Friday 19 Nov. - 10.00-18.00
Saturday 20 Nov. - 10.00-18.00
Sunday 21 Nov - 10 00-17 00

I Sop OFF
admission if you produce this coupon
at the door of Electronic Hobbies Fair.

Valid one per person only any day.

Everyday Electronics, December 1982
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Everyday News
Scimitar
The most advanced radio system in the World

MILITARY
necessity can have valuable spin-offs for

everyday purposes. The classic modern examples
were radar and computers, whose development was
accelerated by the needs of the Second World War.
It now seems to be the turn of radio.

A new radio system, developed to provide reliable
military communications, proof against eavesdrop-
ping and jamming, shows promise of helping the
users of some civil radio bands.

The new system has been developed in several NATO
countries as a result of an American government
requirement. In the UK, Marconi and Racal have both
developed their versions. A large contract for the
Marconi version, which is called Scimitar, has been
placed by the Swedish government.
Frequency Hopping

How does it work? Basic-
ally, these radio systems,
which are known as fre-
quency - hopping or fre-
quency -agile radios are just
electronic versions of com-
monsense radio operating
techniques.

One traditional way to
avoid jamming or eaves-
dropping is to keep chang-
ing frequency. Every time
you do so your enemy has
to search for your new fre-
quency and retune. Your
friends don't have to, be-
cause your frequency chan-
ges follow a prearranged
pattern which they know.

If you have four chan-
nels, A, B, C and D, you
may change on some appar-
ently random basis, such as
B, A, D, C, D, A, B and
so on. With manual opera-
tion these changes must be

relatively slow, say once
every minute. But with mo-
dern digital electronics they
can be very rapid indeed.

The exact rate of change
used in Scimitar is a secret,
but it is probably well over
100 times a second. More-
over, the number of chan-
nels can be very large. In
the v.h.f. version ordered
for the Swedish army selec-
tions can be made from
over 2000 possible channels,
spread over the band 30 to
88MHz.

Each receiver contains an
electronic memory into
which programs of instruc-
tions for frequency -tracking
can be fed from outside. To
enable the next frequency hop
to be anticipated each set
contains two frequency syn-
thesisers. The "spare" one
is set electronically to the
next frequency, ready for

The frequency "hopping" equipment installed in an armoured vehicle.

UNJAMMABLE, SNOOPER -PROOF RADIO

Line-up of some of the Scimitar communications equipment which
features built-in digital cryptographic security.

instant changeover, and so
on.

Interference
If numerous transmitters

operate simultaneously, each
hopping from channel to
channel at random, then
from time to time it must
happen that two transmis-
sions take place at the same
time on the same chan-
nel. They interfere with one
another-but only for the
few milliseconds that the
overlap occurs.

To the ear, this is just
a tiny bit of noise and has
little effect. If more and
more transmissions are
packed into the band more
such short bits of interfer-
ence occur. It turns out,
however, that the ear can
tolerate a surprisingly large

number before the intelligi-
bility of speech is seriously
impaired.

The consequence is that
for the price of a little
noise more stations can be
packed into a given fre-
quency band than with the
normal system of giving
each station a fixed fre-
quency channel. This would
seem to make frequency -
hopping attractive to such
civil users as the police.

Not only would it make
eavesdropping virtually im-
possible but it would make
more channels available,
too. But would the price be
too high? Apparently not.
Marconi say that despite
the complexity of frequency
hopping it adds only about
10 per cent to the cost of
the radio equipment.

Pocket version being used to demon-
strate its usefulness to civilian authori-
ties.
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, from the World of Electronics

-ANALYSIS
NEW AGE OF LEISURE

The most optimistic of our political leaders touting the
most reflationary economic programme promises only to
"create" a million new jobs over a five year period. At best
this still leaves two million in Britain technically available
for work and registered as such.

Forecasts and projections of this type are nowadays made
by computer using an economic model rather than employing
a small army of statisticians and mathematicians. Similarly, on
the industrial front, Ford at Dagenham have just fielded a
whole regiment of robots to build car bodies. People are
still invaluable but fewer are required for any given task,
not a new phenomenon but continuation of a trend which
has been accelerating for a century.

Assuming high unemployment to be a catastrophe we lay
blame elsewhere, on politicians, organised labour, foreign
imports, the welfare state, automation, electronics. Never
on ourselves for wanting and grabbing more while giving
less, constantly fuelling ourselves on greed and envy.

And yet, viewed correctly and sensibly managed, ours
could be the Utopian age of visionaries through the ages.
Work sharing alone, albeit swapping income for leisure,
could provide employment for all those who want to work
while simultaneously providing the extra time for developing
those interests which so many now trapped in the rat -race
are too exhausted to pursue before retiring age, when it is

often too late.
Electronics, positively viewed, is a liberating more than a

destructive force. It releases millions from tedious tasks at
work and brings instruction and entertainment to even more
millions at home.

with time on their hands might well
encourage friends or acquaintances to share their enthusiasm.
A modest home circle rather than a full-blown club.

Think about it. To wean a youngster from adolescent vice
or relieve an oldster's boredom could be the most worth-
while project you have ever started.

Brian G. Peck

New Standards
Direct Broadcasting by

Satellite (DBS) ideally
should be on one agreed
technical standard of TV
transmission. National pride,
however, will probably lock
countries into their existing
systems based on PAL,
SECAM or NTSC with the
problems of standards con-
version for international
programme exchange re-
maining.

An entirely new standard
would also mean huge in-
vestment in new transmis-
sion and reception equip-
ment which many countries
could not afford.

Enough videotape to fill
two million T120 cassettes
a year is being produced at
a new plant at Wrexham,
North Wales. The company
is Intermagnetics and the
tapes are sold under the
brand name Zimag.

Computing Cuts
A Department of Health

and Social Security scheme
for massive expansion of
data processing could elim-
inate more than 20,000 jobs
in local DHSS and Un-
employment Benefit offices.

But the whole scheme, if
implemented, will not be
completed until 1994 allow-
ing natural wastage rather
than staff redundancies.

CAR -PROOF
The new Avo 2000 Series

of digital multimeters in-
cludes the model 2002
vehicle test set. It has
already become standard
dealer equipment for Ford
cars.

A big feature is its ability
to withstand being run over
by a car or even a truck!

Breakfast News
BBC TV's breakfast pro-

gramme will be aided with
hot news by £250,000 worth
of Hewlett-Packard elec-
tronic office equipment enab-
ling staff to access news
agencies and prepare and
edit copy on word processors.

The computerised system
will need agreement from
the unions before the pro-
grammes start next Spring.

The Ministry of Defence
is to install a new commu-
nications network for UIC
air defence compatible with
the US Joint Tactical In-
formation Distribution Sys-
tem (JTIDS). Total cost is
estimated at £225 million
with Marconi and Plessey
having the bulk of the de-
velopment work.

Euro Scanner
A new medical electronics company, Meditech,

founded by a group of ex -EMI employees, has produced
a whole -body diagnostic scanner aimed at the European
market and at much lower cost than scanners currently
available.

MULLARD VISIT FOR SEDAC PRIZEWINNER
Simon Rainey, who came second in the 1982 SEDAC
Schools Competition, spent a day as guest of Mullard
Magnetic Components Division, Crossen, Southport.

(For details of how to enter the 1983 SEDAC Schools
Competition see page 811.)

Colin Smith (Electronic Engineer) discusses the
PC20 Microprocessor with Simon (right) during
his visit to the electronic section of the Mullard
Magnetic Components Division, Southport.

Our picture shows left to right, Simon Rainey, Mr.
Earnshaw (teacher), Mr. Stone (headmaster) and
Jim Stitson (Manufacturing Manager) looking at
the Power Plants Mimic Panel.
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THE ELECTRONICS

ALTHOUGH we may have got used
to the idea of self-sufficient

apparatus operating under automatic
control, and even computers "talk-
ing" to each other, we find in fact
that all IT systems have some means
of connection to the outside world.
They receive and put out informa-
tion as changes in physical quanti-
ties as explained in Part 1.

These changes may be phenomena
meaningful to human beings, such
as sounds and images, or they may
be physical changes that are detec-
ted or generated only by hardware.
An automatic weather station, for
example, does both. It receives in-
formation directly from the environ-
ment as measurements from various
sensors but puts out information
designed for presentation to human
beings.

INFORMATION CONVERTERS
To make these connections with

the world an IT system needs con-
verting devices. The converters we
use in domestic electronic equipment
- pickups, microphones, keyboards,
loudspeakers, cathode - ray tubes,
alpha -numerical displays and the
like - are only a few of the de-
vices that are available.

Many of these devices are trans-
ducers.' Some convert mechanical
or other energy directly into electri-
cal energy and are called passive
transducers, Fig. 2.1(a). One ex-
ample is the moving -coil microphone,
another the photo -voltaic cell as
used in camera exposure meters.

Active transducers, on the other
hand, use the mechanical or other
energy to control electrical energy
coming from a separate source, Fig.
1(b). Examples of these are the
carbon microphone and the photo-
conductive cell.

ON/OFF SWITCH
A common type of information

converter is the on/off switch or key
switch. It uses a mechanical move-
ment to control abruptly the cur-
rent in a circuit. This allows a

* One dictionary defines the transducer
as a device which receives waves from
media or transmission systems and
supplies related waves to other media
or transmission systems.

OF

PART TWO

INFORMA1 ION HOMOLOGY

BY T.E. IVALL C.Eng., M.I.E.R.E.
binary choice - between on and off,
or current and no current - which
is, in fact, the basic unit in the
measurement of all information
(Fig. 2.2).

When an array of key switches,
each with its own label, is used as
a keyboard. the important informa-
tion at any moment is: which par-
ticular switch in the array has been
operated. There are various methods
of obtaining this information electri-
cally but a common one is shown in
Fig. 2.3.

This method is analogous to the
principle that any point on a map
can be identified by the grid lines
which intersect at that point. Clos-
ing any one of the six switches
makes a circuit between one hori-
zontal and one vertical conductor:
this circuit uniquely identifies the
key switch because no other switch
in the array will connect that pair
of conductors.

Fig. 2.4 sums up the process of
information conversion. A device
either receives some physical quan-
tity from the outside world (a) and
converts it into an electrical quan-

MECHANICAL OR
OTHER ENERGY

(0)

MECHANICAL OR
OTHER ENERGY

(b)

ENERGY

CONVERTER

GENERATED
ELECTRICAL

ENERGY

CONTROL

DEVICE

CONTROLLED
ELECTRICAL ENERGY

Fig. 2.1. Two ways of obtaining information
in electrical form from information carried
by some other kind of physical energy: (a)
passive transducer giving direct con-
version of energy; (b) active transducer
controlling electrical energy from a

separate source.

(:).°°/0-- BINARY 0

Goa BINARY I

Fig. 2.2. Because an on/off switch can
make or break a circuit carrying current-
allowing a binary choice-it can convert
mechanically represented information into
electrically represented information.

tity, or it receives an electrical quan-
tity (b) and converts this into an-
other physical quantity. The quanti-
ties change but the information they
carry does not. But this is not the
whole story.

ANALOGUE OR DIGITAL
The information in its electrical

form may be represented in two
ways: analogue or digital.

To illustrate this let us return for
a moment to Part 1. In the electronic
counting system described, the num-
ber of objects was represented by
that number of pulses of electrical
energy. In fact the exact form of
their energy -time graph did not mat-
ter very much: the pulses could
equally well be triangular or some
other shape provided their number
was correct.

This type of representation, in
which the number of electrical
events gives the essential informa-
tion, is a digital representation. (The
term itself comes from the Latin
digitus for finger - the link with
counting is obvious.)

KEY SWITCHES

Fig. 2.3. Array of key switches used as a
keyboard. Each switch connects a unique
pair of conductors, and this provides
electrical information on which switches
are operated in the keyboard.

PHYSICAL
QUANTITY

(a)

EL ECTRICAL
QUANTITY

(b)

Fig. 2.4. Generalization of information
conversion: (a) from the outside world
into electrical representation; (b) vice -
versa.

ELECTRICAL
QUANTITY
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Another type of representation
shown in Part 1 was a continuously
varying electrical quantity obtained
from a microphone responding to a
sound wave. The successive values
of electrical energy were propor-
tional to the successive values of
sound energy. In other words the
time graph of electrical energy was
similar in form to the variation with
time of the sound energy. As such
the electrical variation is a model,
or analogue, of the sound variation.
This, then, is an analogue represen-
tation.

ANALOGUE AND DIGITAL
METHODS COMPARED

So some information converters
are analogue and others digital in
the way they work. To illustrate
this, Fig. 2.5 compares two trans-
ducers, both of which are electrically
representing the rotation of a shaft.

At (a) is an analogue transducer
giving a proportional electric cur-
rent (3mA per degree of rotation),
while at (b) is a digital transducer
giving a related number of pulses
of current (one pulse per 10 de-
grees).

Both transducers use current as
the electrical quantity, but the
analogue type does it directly while
the digital type uses current merely
as a medium for denoting number.
In some digital transducers for use
on rotating shafts the angular in-
formation is translated directly into a
binary code, such as the Gray code.

(a)

200-

?
150-,

UJ

Ce 100 -
cc

50

40 60

ROTATION (DEGREES)

DIGITAL

80 100

CURRENT PULSES OF CONSTANT
f1AXIMUM AMPLITUDE

-
r

1 20 40 60 60 100

(b) ROTATION (DEGREES)

Fig. 2.5. Graphs illustrating the action of
(a) an analogue transducer and (b) a
digital transducer, both of which respond
to the rotation of a shaft and use current,
in different ways, to represent shaft
rotation in degrees.

STEP-BY-STEP, OR
INFORMATION BY NUMBERS

The above heading might suggest
a dancing lesson out of a book. In
fact what we are discussing is
rather similar, in so far as it in-
volves a sequence of steps identified
by numbers. The subject is the con-
version of analogue signals -- com-
ing from some device which might
be anything from a strain gauge to
a television camera - into the digi-
tal form that many IT systems re-
quire. This means that the successive
values of the signal (Part 1) have
to be represented by numbers.

A practical problem here is that
any analogue -to -digital conversion de-
vice needs a certain amount of time
to produce each number. Electroni-
cally each number is represented by
a pattern, either in time (for ex-
ample, a sequence of pulses) or in
space (for example an array of
electrical states in a memory). Some
interval of time, however small, is
necessary to allow each pattern to
be formed and distinguished from
those preceding and following it.

Clearly such a converter cannot
operate directly on the whole of an
analogue signal, which is a sequence
of values infinitely close together in
time. The best that can be done, to
keep the digital representation as
close as possible to the continuously
varying quantity, is to convert
values of the signal at a very high
rate.

In practice engineers use the rate
necessary for the job. And this de-
pends on the accuracy of digital

ELECTRICAL
NUN

I TERVAL

INFAMIL

INTER

SAMPLING INSTANTS
TIME

Fig. 2.6. How a continuous electrical signal
can be sampled at regular intervals of
time (dots on graph) or regular intervals
of the value of the electrical quantity
(crosses on graph).

(a)

CONTINUOUSLY
INCREASING HEIGHT

This modern telephone, British Telecom's
Sceptre 100, uses both analogue trans-
ducers (in the handset) and digital in-
formation converters (in the keyboard and
the liquid -crystal digital display). It also
has a memory for storing telephone
numbers-but we come to that subject
later in the series.

representation they need for a par-
ticular application. (Any clock with
an escapement mechanism doesn't
indicate time continuously, but it's
near enough to continuous for most
human purposes.)

SAMPLING
So the continuously varying signal

is "sampled" at intervals. The samp-
ling could be at regular intervals of
time or at regular intervals of value
of the electrical quantity forming
the signal, as shown in Fig. 2.6.

This process is the basis of quan-
tization. What was originally varying
continuously is now represented as
a series of discrete quantities, or
quanta.

A simple analogy is a man climb-
ing up a slope. If the slope is con-
tinuous, as in Fig. 2.7(a), then his
upward movement is continuous. If
the slope is cut into a series of

(b)

1
LEVELS ARE
QUANTA OF
HEIGHT

Fig. 2.7. Simple analogy of the principle of quantization. At (a) the man moves continu-
ously up the slope. At (b) the slope has been cut into a series of steps and the man then
moves abruptly from one quantum of height to the next quantum, and so on.
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SIGNAL

-
1.=

0

(-)

ELECTRONIC

GATE

SAMPLES OF
SIGNAL

TEMPORARY

STORE

STEPPED
SIGNAL

IJul GATING PULSES

(a)

ORIGINAL
SIGNAL STEPPED

SIGNAL

GATING PULSES TIME

(b)

Fig. 2.8. Electronic method for quantizing
a continuously varying signal, using a
gate and a temporary store (a). The
samples obtained from the gate and the
steps from the store are shown at (b).
Amplitudes of the samples, or levels of
the corresponding steps, are the quanta.

steps, as at (b), his upward move-
ment is discontinuous: he moves
abruptly from one quantum of
height (level) to the next quantum
and so on.

One method for quantizing a sig-
nal is shown in Fig. 2.8. The signal
is passed through an electronic gate
which is opened for short periods
by very narrow pulses occurring at a
regular rate, (a). What emerges
from the gate is a train of pulses
of different amplitudes - thin
"slices" or samples of the original
signal. These samples are usually of
too short a duration to be usable in
IT equipment, so their values have
to be prolonged.

SAMPLE AND HOLD
The initial value of each sample is

held in a temporary store until the
next sample is taken. As a result
the information available from the
temporary store takes the form of a
series of steps roughly following the
graph of the original continuous
signal, as shown at (b). This is the
"sample -and -hold" method.

How accurately the quanta - the
samples or steps - follow the origi-
nal continuous signal depends on
the fineness of quantization - that
is, the intervals between samples.
In general it is more difficult to
sample rapidly than to sample
slowly, so engineers use the slowest

(a)

(b)

6

(c)

PART OF SPEECH
SIGNAL

SAMPLING INSTANTS
le.g. 6003 PER SECOND)

TIME

TIME

/ I \

0 0 1 0 I 0

TIME (EXPANDED SCALE)
I I 0 BINARY

DIGITS

Fig.2.9 Principle of analogue -to -digital conversion. The continuous
electrical signal at (a) is sampled at regular intervals of time and
the samples are represented by a sequence of numbers corres-
ponding to the quantizing intervals in which the samples fall (b).
At (c) is a binary coded version of the sequence of numbers in the
form of high (1) and low (0) voltage values. (Note: in this illustration
the least significant digit of each binary number occurs first in
time and the most significant digit last.)

(above)
Analogue -to -
digital
conversion, as
described in the
article, is at the
heart of this
Hewlett-Packard
waveform
recorder.
Incoming signals
are sampled at
20 million times
a second and
are stored in a
memory. This
digital data can
be read out from
the memory when
required to
construct a
graph on the
cathode-ray
tube, as shown.

rate of sampling (longest intervals
between samples) that will define
the signal to the accuracy needed.

To obtain the highest possible accu-
racy of signal definition the sampling
rate required is given by a simple
formula based on mathematical
(Fourier) analysis of the waveform.*

ENCODING
The final requirement of analogue -

to -digital conversion is that it must
represent the quanta by numbers
suitable for use in IT systems. This
is done by an encoding device. The
technique is used, for example, in
pulse code modulation (p.c.m.), a
transmission system employed for
trunk telecommunications through-
out the world. Fig. 2.9 shows the
general principle.

At (a) is part of an electrical
waveform which could be a speech
signal. This is sampled at a regular
rate, typically 8,000 times per sec-
ond, to give a sequence of discrete
amplitudes, shown as the heights of
the vertical lines in (b). Each of
these amplitude samples falls within
a quantizing interval, identified by a
decimal code number on the vertical
(signal amplitude) scale.

The quantitizing-interval number in

which the amplitude sample falls is
then generated in binary coded
form. In this binary coded version
the two digits 0 and 1 are generated
as a sequence of two voltage values,
(c) - here a low voltage for 0
and a higher voltage for 1. In effect
the result is a train of pulses repre-
senting binary numbers.

For this simplified explanation we
have used decimal code numbers in
(b) and directly converted them into
the equivalent binary numbers, but
other forms of encoding could be
used. To be continued

* For full accuracy of definition the
sampling rate must be at least twice
the frequency of the highest frequency
sinewave component of the signal, as
given by Fourier analysis.
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Electronic Design Award
COMPETITION

ISTRATION
CLOSES

RDE

EGCEMBER 15 1982

This is a four -week exte ensdate.
ion

on previous1y
an nounc

Mullard Ltd-the largest electronic components company
in the UK-and EVERYDAY ELECTRONICS join forces to present
this rewarding challenge to Secondary Schools....

DESIGN A PIECE OF ELECTRONIC EQUIPMENT
HAVING A DIRECT PRACTICAL APPLICATION
IN A SCHOOL'S SCIENCE LABORATORY

This competition is open to any United Kingdom Secondary
School, State or Independent. Pupils of either sex in the
age group 11-18 are eligible to participate in a team repre-
senting their school.
The competition will be conducted in two stages.

STAGE 1
Submission of Papers describing the proposed project with
full circuit details.
Papers will be judged for novelty, ingenuity and viability.
Particular attention will be given to originality and good
circuit design technique.
Schools whose designs are adjudged to be the most
promising will be asked to produce a working model.

STAGE 2
Models will be examined and prize winners selected on the
basis of mechanical design, neatness of wiring and general
assembly, plus operational performance.

All models will be exhibited at Mullard House, London, where
the official presentation of prizes will be made at the end of
June 1983. Representatives of finalists will be invited to stay
overnight in London as guests of the SEDAC sponsors.

FIRST PRIZE The SEDAC Trophy
and £300*

SECOND PRIZE £200*
THIRD PRIZE £100*

* Plus a selection of components valued at £200

NINE RUNNERS UP a selection of components
valued at £100

In addition, all twelve finalists will receive a certificate and
one year's subscription to EVERYDAY ELECTRONICS.

Science teachers of Secondary Schools are invited to apply
for a Registration Form which contains full details of this
competition.

Write to: Schools Competition, Room 2130, Kings Reach
Tower, Stamford Street, London SE1 9LS.

Secondary School Pupils-make sure your school
accepts this challenge and enters this contest. So bring
this announcement to the attention of your science teacher
or the head of your school.

Closing date for Registration : December 15 1982

Closing date for submission of Papers: January 31 1983

SCHOOLS ELECTRONIC DESIGN AWARD COMPETITION (SEDAC)`11/
SPONSORED BY MULLARD LTD AND EVERYDAY ELECTRONICS
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ELECTRONIC

BY D.J. EDWARDS

V/I METER
ONCE it used to be true that it

was pointless trying to build
your own multimeter. It was difficult
to match the price and accuracy of
manufactured units. Today, with in-
tegrated circuits and close tolerance
resistors, it has become easier to
match conventional multimeters.

The unit described here has seven
voltage ranges with minimum input
impedance of one megohm and two
low resistance current ranges. Ac-
curacy, simplicity of construction and
cheapness are all features of this
design.

DESIGN CONSIDERATIONS
The main design feature of a

good voltmeter is a high input impe-
dance, this must be placed before
accuracy in priority, because impe-
dance directly affects accuracy.
Multimeter voltage ranges are usu-
ally described as being so many
ohms per volt and this ohm/volt
figure is known as the meter's sensi-
tivity, the larger this figure, the
better the meter.

A typical cheap meter has a sensi-
tivity of 1,000 ohms/volt, that is, on
the 10V range its input resistance is
10 X 1,000 = 10 kilohms. This may
sound high, but in practice it means
that such a meter cannot accurately
measure a voltage across a resist-
ance larger than, say, 1 kilohm.

Here's why. The 1,000 ohm/volt
meter on the 10V range is placed
across a 1 kilohm resistor. In effect
a 10 kilohm resistor is connected
in parallel with the 1 kilohm resis-
tor, causing the in -circuit resistance
to drop to 909 ohms (using 1/RT =
1/R/ + 1/R2).

This means that the voltage across
the 1 kilohm resistor must also fall
(voltage is directly proportional to
resistance) so an inaccurate reading
is obtained and the performance of
the circuit may be affected. Bearing
in mind that the majority of resis-
tors in electronic circuits are over
1 kilohm, the problems a user will
experience can be envisaged. These
meters are suitable for electrical cir-
cuits, however, where resistances are
usually small.

ELECTRONIC METERS
The next step up is usually a 20

kilohm/volt meter and these are
probably the most common. On the
same 10V range, its resistance is
200 kilohms, which is a little, more
respectable. After this come the 100
kilohms/volt and electronic meters.

This meter has a fixed input im-
pedance of either 1 megohm or 2
megohms, depending on the range
selected. This is not an ohm/volt
figure and cannot be due to its con-
struction. This is quite impressive

when you realise this gives sensitivi-
ties of 10 kilohm/volt on the 100V
and 200V ranges, 100 kilohm/volt on
the 10V and 20V ranges, 1 megohm/
volt on the 1V and 2V ranges and
10 megohm/volt on the 0.1V range.
This is a sound arrangement because
it gives you the highest sensitivities
where you need them, on the lower
voltage ranges.

On current ranges, the require-
ments are exactly the opposite. Be-
cause an ammeter is placed in series
with a circuit, its resistance should
be as low as possible, so as not to
affect the reading or the circuit.
On both current ranges this meter
only drops 0.1V, an acceptable figure
(from Ohm's law V = I X R).

THE CIRCUIT
The circuit diagram of the Elec-

tronic V/I Meter is shown in Fig. 1.
The heart of the design is a 741
operational amplifier ICI. Normally
its open loop gain (the gain mea-
sured with no feedback applied) is
typically 200,000 times. This tends
to be rather large for most applica-
tions, but can be reduced by making
it closed loop by feeding part of the
output back to the inverting input
via a resistor. This is negative feed-
back, which as well as reducing the
gain, also improves the performance
of the op amp in respect of stabi-
lity, noise, drift and frequency re-
sponse.

When the desired closed loop gain
is much smaller than the open loop
gain, it can be set accurately using
two external resistors, RF and RI
(see Fig. 2). In this mode the gain
of the op amp is given by:

Closed Loop Gain = RF

R1
and the input resistance equals
In this design, R1 is constant and
RF can be selected to give gains
of 1, 0.1, 0-01, and 0.001. As the
f.s.d. of the meter is 0.1V, we need
inputs of 0.1V, 1V, 10V and 100V
respectively to obtain this. Now the
op amp is not amplifying at all, but
attenuating or negatively amplifying.

Now the basic principles of opera-
tion of the circuit have been ex-
plained, the practical details can be
taken into consideration.

The capacitor, Cl, between input
and output ensures that the meter
does not respond to any a.c. signals
at the input.

DUAL POWER SUPPLY
The 741 is designed to be used

with a dual power supply. This has
been simulated here by using R13
and R14 as a potential divider
across the battery, giving +4.5V at
their junction. This is made the
earth, and so we have a +4.5V
supply.
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Fig. 1. The complete circuit diagram of the Electronic V/I Meter. Note that for
current measurement, S2 must be in the 0.1V position.

Fig. 2. Theoretical circuit of an op -amp
with negative feedback.

In the no input condition, it is
arranged for the 741 output to be
at earth potential, by earthing the
+ve, or non -inverting input. If the
other side of the meter is connected
to earth, there is no reading. As we
are using the inverting input as the
+ve probe terminal, the output will
fall below earth in response to a
d.c. voltage and so the -ve termi-
nal of the meter is connected to the
output of IC1, and the +ve terminal
to earth.

In practice it is difficult to obtain
a zero (with respect to earth) out-
put for no input, due to input bias
current and input offset voltage. In
this case, input offset voltage has
negligible effect because the gain of
our circuit is too low to amplify it
into a significant output offset vol-
tage.

The effects caused by input bias
current are increased as the value
of the feedback resistor is increased,

which is why the 0.1V range with
its 1 megohm feedback resistor is
most in need of attention. The
effects can be minimised by intro-
ducing a resistor between the +
(non -inverting) input and earth. Its
value is given by:

R - R1 X RF

RF
This is catered for in the switch

bank of S2b by resistors R5 to R8.
Diode D1 provides some protection

to the meter if the voltage being
measured is too large for the range
selected, and diode D2 provides a
similar function in case the input
polarity is reversed.

R1 +

CASE
The construction should begin with

the case, drilling details of which
are shown in Fig. 3. The meter can
be used as a template for its fixing
holes, taking care not to damage it.
The case used for the prototype
meter was a simple aluminium case
with lid, measuring 155 X 80 X 50
mm and any enclosure of similar
dimensions can be used.

COMPONENTS

Resistors
R1, 2,12

R4
R5
R6
R7
R8
R9
R10
R11
R12
R13, 14
R15

1MO. (3 off)

470kS2 ±5%
100k0 +5% See10kS2 +5%
1k1.2 ±5% Shop
1142

1042 Talk100052
1 MS2 page 826
3.3k0 ±5% (2 off)
See text

All carbon +1% unless other-
wise stated.

Capacitors
C1 0.1/2F polyester

Semiconductors
D1, 2 1N4148 silicon (2 off)
IC1 741 operational amplifier

Miscellaneous
S1 s.p.d.t. centre oft slide

switch
S2 2 -pole, 4 -way rotary
S3 s.p.d.t. miniature toggle
ME1 Moving coil meter, 1mA

f.s.d. loon coil
B1 9V PP3 battery
SK1 4mm banana socket yellow
SK2 4mm banana socket red
SK3 4mm banana socket black
Aluminium case, 155 x 80 x
50mm; 0-1in. matrix stripboard,
24 strips x 12 holes; battery con-
nector; knob; 8 -pin d.i.l. holder;
7/0.2mm wire; solder tags (2 off);
probes on 4mm banana plugs (2
off, one red, one black).
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£9 excluding
case
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PANEL CUT-OUT AND
MOUNTING HOLES TO
SUIT METER USED

ALL DIMENSIONS IN mm

0.12 x 6

20

f
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30
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135

5

HOLE SIZES

A= 6.2mm
B= 8mm
C=10mm

Fig. 3. Panel drilling details for the Electronic V/I Meter. The slot for slide
switch Si may require two additional mounting holes, one at either end.
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Fig. 4. Wiring diagram and stripboard layout. Many components are mounted directly onto the switches and sockets and this
must be done with care to avoid leads shorting on the aluminium case. The finished board assembly is mounted onto one side
of the case (shown folded flat for clarity) with short spacers.
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Fig. 4 shows the layout of com-
ponents on the circuit board and
the breaks on the underside. A piece
of 0-lin matrix stripboard is used,
size 24 strips by 12 holes. An 8 pin
d.i.l. holder is recommended for IC1.
When the board assembly is com-
plete, it is fixed to the side of the
case and the wiring can be carried
out.

When all the case mounted com-
ponents have been affixed, solder R1
across sockets SK1 and SK2, and R3
and R4 from their respective switch
contacts to SK3. Resistors R5 to R12
are mounted directly onto S2.

SETTING UP
There is no calibration as such

required. However, it may be neces-
sary to insert a small value resistor
(R15) in series with the meter

The circuit board and wiring of the prototype model.

movement to give an f.s.d. of 1V,
this being due to meter tolerances.
In the prototype, R15 was 10 ohms.

To find the value required insert
a 50 ohm preset resistor in series
with the meter, select the 10V range
and connect the probes to a 9V
battery (whose exact value has been
measured on a multimeter). Adjust
the preset until the reading on the
Electronic V/I Meter agrees with
this. Remove the preset, measure its
resistance and replace it with the
nearest value fixed resistor. The
meter is now ready to use.

IN USE
To measure voltage, put S1 in its

central position (v) and select the
range required with S2. With the
probes in SK3 (COMMON) and SK2
(v/i), the input resistance will be

1 megohm. If, on the same range,
the +ve probe is placed in SK1
(x2V), the input resistance will be
2 megohms and the voltage required
for f.s.d. will be doubled. This x2
input cannot be used on the 0.1V
range due to input bias current
problems because R5 is calculated
for a R1 of 1 megohm. For 2 meg-
ohms input impedance, it would
need to be 666 kilohms, and R5
could be replaced by a 680 kilohm
resistor if a 0.2V range is preferred
to a 0.1V range.

To measure current, select the
100mA range on S1 and switch S2
to the 0.1V position. Sockets SK2
and SK3 are used for the current
measurement probes.

For all measurements, always start
on the highest range and then
switch down as necessary. Diodes
D1 and D2 will never protect the
meter as well as common sense. II

5 VOLT
REGULATED SUPPLY

BY F. G. RAYER

THIS VERY simple Power Supply
Unit provides a 5V output ideal

for rri., logic circuit and other
small low voltage projects. It elimi-
nates the need for batteries, an
important factor since there is no
suitable battery generally available
for TTL devices.

The component count has been
kept low and the construction is
straightforward using chassis moun-
ted tag strips.

CIRCUIT DESCRIPTION
The basic circuit diagram is shown

in Fig. 1. The mains transformer, T1,
has a 9V secondary rated at 0.5A,

although a 6V output would be suffi-
cient provided that it was also rated
at 0.5A.

The a.c. output from the trans-
former is full wave rectified by the
bridge rectifier Dl to D4 and then
smoothed by reservoir capacitor Cl.
This electrolytic can be any value in
the range 1,000 to 2,200ILF at 16V.

The regulator i.c., a 5V, 0.5A device
provides the stabilised output and is
decoupled by C2. The output at the
terminal block is duplicated, but it
must be remembered that it is not
dual supply and cannot be used as
such, for instance to provide a +ve
and -ve 5V supply.

Note that the author has not in-
cluded a switch in either the mains
input or the d.c. output but the
constructor can add one if this is
thought to be necessary.

CHASSIS PLATE
The general layout of the compo-

nents is shown in Fig. 2. Please
note that the prototype model shown
in the photograph was assembled on
a flanged chassis plate without a
cover. However, as there are poten-
tially lethal mains voltages present
on exposed solder tags, it is essen-
tial that the project is assembled in
a fully enclosed case.

If a metal case is chosen, the
point of entry for the mains cable
must be protected with a grommet
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TBI

COMPONENTS

C1

C2

D1 -D4

IC1

T1

TB1

1,000µF to 2,200/4F
16V elect, radial lead
0.1,uF polyester or
polycarbonate
1N4001 silicon diode
(4 off)
LM341 P5 or 78M05 5V,
0.5A regulator
mains transformer, 9V or
6V, 0.5A secondary
4 -way terminal strip

Miscellaneous
Tag strip, 3 -way and 6 -way;
grommet (2 off); P -clip; 7/0.2mm
interconnecting wire; p.v.c. sleev-
ing; mounting hardware-M2.5
screw (9 off), M2.5 nut (9 off),
M2.5 washer (9 off), spacer; 3 -
core mains cable; 3 -pin mains
plug with 2A or 3A fuse; case to
suit, typically 120 x 60 x 60mm.

Guidance only EA excluding
Approx. cost -11. case
See page 826

and all metalwork must be earthed.
Remember that if it is an aluminium
case protected with an anodised
coating (which has the appearance
of a dull sheen), the anodising must
be scraped away from the earthing
point as it acts as an insulator.

MAINS INPUT
A three core mains lead must be

used, fitted with a normal three pin
plug with a 2A or 3A fuse. The
lead is fed through the grommet
and securely clamped to the base
with a P -clip. The three cores are
soldered to a three way tag strip,
with the earth core (yellow/green)
going to the earthed tag.

The 240V primary of Tl is then
connected to the live and neutral
tags as shown. The transformer
must be fixed to the base plate
with two screws and nuts.

The secondary winding of Ti is
taken to a six way piece of tag
strip onto which the bridge rectifier
is assembled with diodes DI to D4.
Capacitor Cl, a radial lead electro-
lytic, is soldered across the tags as
shown, taking care with the polarity.
Note that the two end tags of the
tag strip are the earthed tags and
are securely screwed to the chassis.

The 5V regulator, ICI, is fixed
directly to the chassis with a nut
and screw and a small spacer to
clear the plastic body of the com-
ponent. In this way, ICI uses the
case as a heatsink. The remainder
of the wiring is carried out as
shown with the output terminating
at the four way terminal block, TB1.

Capacitor C2 is added across the
output of IC1. Any component leads
that could accidentally short out on

Co

9V

DV

EARTH
POINT

MAINS INPUT

INPUT

Cl

IC1
L M341P5

T1000p F

GND

OUTPUT

mem C?
0.1pF

-4-00+

SV

'511V

Fig. 1. Circuit diagram of the 5 Volt Regulated Supply. Note that
the output is duplicated on TB1.

EARTH
POINT

5V

5V

Fig. 2. Wiring and assembly diagram. Careful attention must be
payed to the mounting of components on the tag strip ensuring
that the earth points are secured to the chassis.

The prototype
chassis assembly of
the 5 Volt Regulated
Supply. This must be
installed in a completely enclosed
case which must be earthed if made
of metal. Take care with all mains wiring.

1

se

an adjacent component or tag
should be sleeved with p.v.c.

As has been already stated, the
5V Power Supply Unit must be
mounted inside a case and the case,
chassis, front panel (if fitted), cover
and negative terminal are all
earthed.

It is advisable to mount the termi-
nal block on the outside of the case,
and to do this, the output wires
must pass through another grommet.

No setting up is required, and
after a thorough visual check of all

wiring, solder joints and component
polarity and orientation, the unit
can be replaced into its case and
plugged into a mains output-and the
output measured with a voltmeter.

Once again, the dangers of work-
ing with mains voltages must be
stressed and at no point should the
mains be connected to this unit
whilst the terminal strips are ex-
posed. Do not take chances and if
in doubt, seek the guidance of an
experienced constructor or electri-
cian. 21
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LD300K

HOME LIGHTING KITS
These kits contain all necessary components and full
Instructions & are designed to replace a standard wall
switch and control up to 300w. of lighting.

TDR300K Remote Control £14.30
Dimmer

MK6 Transmitter for above £ 4.20

TD300K Touchdimrner £ 7.00
TDE/K Extension kit for 2 -way

switching for 10300K 2.00
rir17,5ontrolled £ 3.50

r DVM/ULTRA SENSITIVE 7
THERMOMETER KIT

This new design is based on the
ICL7126 (a lower power version of
the ICL7106 chip) and a 31/2 digit
liquid crystal display. This kit will
form the basis of a digital multi-
meter (only a few additional re-
sistors and switches are required -details supplied),
or a sensitive digital thermometer (-50 Cto+150°C
reading to 0.1°C. The basic kit has a sensitivity o
200rnV for a full scale reading, automatic polarity in
dication and en ultra low power requirement -giving
a 2 year typical battery life from a standard 9V PP3
when used 8 hours a day, 7 days a week

Price £15.50

1511T1

r DISCO LIGHTING KITS
DL 1000K
This value -for -money kit r
features a bi-directional
sequence, speed of sequence
and frequency of direction
change, being variable by
means of potentiometers and incorporates a
master dimming control. £14.60
D12100K
A lower cost version of the above, featuring
undirectional channel sequence with speed
variable by means of a pre-set pot. Outputs
switched only at mains zero crossing points
to reduce radio interference to a minimum.

Optional opto input DLA1 Only £8.00
Allowing audio ("beat") -light response.

DL3000K 60p
This 3 channel sound to light kit features zero
voltage switching, automatic level control &
built in mic. No connections to speaker or amp
required. No knobs to adjust -simply connect

Ito mains supply & lamps.
(1Kw/Channell Only £11.95A

Add 55p postage & packing +15% VAT to total.
Overseas Customers;

Add C2.50 (Europe), MOO (elsewhere) for p&p.
Send S.A.E. for further STOCK DETAILS.
Goods by return subject to availability.

OPEN 9am to 5pm (Mon to Fril
10am to 4pm (Sall

CLOCK TOW.

CAR
PARK

SHORT FORM CATALOGUE - send SAE

F6)" (6" x 9"). We also stock Vero, Books,
Resistors, Capacitors, Semi -Conductors etc.

FAST SERVICE  TOP QUALITY. TOW LOW PRICES

T ELECTRONICS
11 Boston Road
London W7 3SJ

No circuit is complete without a call to - TEL 01-567 8910 ORDERS
01-579 9794 ENQUIRIES
01-579 2842 TECHNICAL
AFTER 3PM

ALL PRICES

EXCLUDE VAT= EMI

CHRISTMAS
PRESENTS GALORE

(01.0--/""\;  -

411,11111.10,
.."41111111Thir 41/A:vgliaor

LIGHT DIMMER KIT

Contains all comPo-
nents, including front
panel and knob, to

make a dimmer for

lights up to 300W.
£3.50

N11111\4116:W
MW RADIO KIT

Based on ZN414 IC, kit in-
cludes PCB, wound aerial
and crystal earpiece and
all components to make a
sensitive miniature radio.
Size: 5. 5 x 2. 7 x 2 cms.
Requires PP3 9V battery.
IDEAL FOR BEGINNERS.

£5.00
LCD 31/2 DIGIT MULTIMETER16 ranges including

DC voltage (200 rnv-1000v) and AC voltage,
DC current (200

rnA-10 Aland resistance (0-2
MI + NPN &PNP transistor

t1a5n5dx c811'3;V7 rnhmleIZi'r';si';11,19r
battery.le

Test leads included
ONLY £29,00

STOCKING FILLERS
PACK (1) 650 Resistors 47 ohm to 10 Mohm - 10 per value £4.00
PACK (2) 40 x 16V Electrolytic Capacitors 10uF to 1000uF - 5 per value £3.25
PACK (3) 60 Polyester Capacitors 0.01 to 1 uF/250V - 5 per value £5.55
PACK (4) 45 Sub -miniature Presets 100 ohm to 1 Mohm - 5 per value £2.90
PACK (5) 30 Low Profile IC Sockets 8, 14 and 16 - pin - 10 off each £2.40

PACK (6) 25 Red LEDs (5mm dia.) £1.25
PACK (7) 20 BC182 NPN General Purpose Transistors £1.20
PACK (8) 20 BC212 PNP General Purpose Transistors £1.20

All full spec. branded devices BUY ANY 5 PACKS AND
WE WILL SEND YOU 10 RED LEDs FREE

Bigger and Better for 1982
the colourful Wilmslow Audio brochure
-the definitive loudspeaker catalogue!

Everything for the speaker constructor- kits, drive units,
components for HiFi and PA.
50 DIY HiFi speaker designs including the exciting new
dB Total Concept speaker kits, the Kef Constructor range,
Wharfedale Speakercraft, etc.
Flatpack cabinet kits for Kef, Wharfedale and many others.

* Lowest prices - Largest stocks *
* Expert staff - Sound advice *

* Choose your DIY HiFi Speakers in the comfort of our *
two listening lounges

(Customer operated demonstration facilities)
* Ample parking *

Send El .50 for catalogue
(cheque, M.O. or stamps - or phone with yourcredit card number)

* Access - Visa - American Express accepted *
also HiFi Markets Budget Card.

0625 529599

35/39 Church Street, Wilmslow, Cheshire SK9 1AS

Lightning service on telephoned credit card orders!
Please allow 7 days for delivery CEA

SUPER -KIT SERIES!
Basic -functions plus a bit more! Self-contained but may be intercoupled. More are coming
to ultimately achieve a modular sound synthesis & modification system. All are mono. for
stereo use 2. Will run from 9V to 15V DC supplies (batteries not included). Prices incl. UK
P&P & 15% VAT. Sets incl. PCBs, electronic parts, instructions. Most also incl. knobs,
skts., sw's, wire, solder, box. For more info send S.A.E. (9 x 4 or bigger) for catalogue.
Prices correct at press. E. &O.E. Despatch usually 7 days on most items. Payment, CWO
mail order or collection by appointment. Tel. 01-302 6184 Mon -Fri. Access, Barclay & Am.
Express accepted. Exports, Sterling payment please. Export catalogue £1.00.
SUPER -BOOST
Boost those outside octaves. Each unit has
depth & range controls.
Super -Boost Bass SET -138-13 £8.87
Super -Boost Treble SET -138-T £8.46

SUPER -CHORUS
A superb chorus generator giving richer,
fuller sounds to vocals and instrumentals
making solos sound like a multitude.

SET -162 £28-14
SUPER -FLANGE
An excellent Flanger with additional en-
hanced Phasing as well.

SET -153 £2249
SUPER -FUZZ
Spiky Fuzz with fringing effect. 3 controls,
Fringing, Balance, Output.

SET -135 £1299
SUPER -HUM -CUT
Humming badly? This steep notch filter
really cuts live or recorded hum. Tunable
for 25-100Hz. SET -141 £11 -43

SUPER MIC-UP
Mic or Guitar pre -amp with gain control &
Bass & Treb cut sw's. SET -144 £8.92
Ditto less tone sw's. SET -147 £6-13

SUPER -NOME
Variable metronome with audio-visual
accented heat marker. SET -143 £13.52

SUPER -MIX
Good general purpose mixer with tone
controls, PFL, Echo -send, Monitor on each
channel. Specially designed so that as
many input channels can be fed in to as
many output channels as you need, with
modular construction on each.

SET -124 -details & price on application
SUPER -PASS
Variable band-pass filter with gain A
centre freq. control. SET -142 £9.69

SUPER -STORM
Great automatic & manual Wind, Rain &
Sea generator for fabulous storm effects.
7 controls. SET -154 £1672
SUPER -TONE
Tone control for Bass & Treb cut, gain,
range. SET -139 £13-62

SUPER-TREM
A powerful tremolo with depth and rate
control. SET -136 £1071
SUPER -VIBE
Vibrato with extra Phasing & Reverb con-
trols, plus rate & depth. An amazing unit!

SET -137 £2399
SUPER-WAH
Wah-wah with auto & manual controls.

SET -140 £1731

VERY POPULAR - STILL AVAILABLE
GUITAR EFFECTS: 8 mode filter & envelope shaper for most instruments SET 42 £1592
GUITAR FREQUENCY DOUBLER: Orig.& doubled signals can be mixed SET  98 £11-75
GUITAR OVERDRIVE: Sophisticated Fuzz with filter & shape controls SET 56 £21 17
GUITAR SUSTAIN: Retains natural attack whilst extending note duration SET 75 £11-77
PHASER: 6 -stage automatic unit with variable speed control SET -88 £21-08

Lots of other still popular kits of various types big e small are in our catalogue

PHONOSON ICS
DEPT. EE2D, 22 HIGH STREET, SIDCUP, KENT DA14 6EH

FOUNDED 1972. A DECADE OF DESIGN AND DELIVERY
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ExaminatcOlEs Protects
PART 2-PRACTICAL ASPECTS OF CIRCUIT DESIGN AND PROJECT BUILDING

CIRCUIT DESIGN lS a somewhat
circular process, which is best

learned by doing it rather than by
reading about how to do it. You can
however gain an insight into the
process by reading through the de-
scriptions of how the projects pub-
lished in magazines work.

The other attributes needed are
patience and a basic ability, aided if
necessary by a suitable calculator,
to manipulate the basic electronics
formulae.

THE CIRCUIT
Ideally the circuit should be drawn

so that the action of the circuit
(input to output, cause to effect)
progresses from left to right across
the diagram.

Some of the component values
will be dictated by the device data
or input/output conditions. Other
component values will require the
use of standard formulae like Ohm's
law. When using formulae it is im-
portant to remember the standard
units of the various components and
where they differ from those used
in the formulae (such as capacitance
which is expresed in Farads (F)
whilst we work in microfarads which
are F x 10-6.

POWER SUPPLY RAILS
A useful starting point is to set

a suitable voltage for the power
supply rails since this will dictate
a number of the resistor values.

When working with time delay or
oscillator circuits and some other
types of circuits the formulae will
require you to select two or more
component values (usually a resis-
tance and a capacitance). When
faced with this dilemma it is best
to start by selecting an economic
value for the capacitor and then
applying the formulae to set the
resistor values.

Some new circuit designers may
become alarmed when they find that
the calculated values for resistors
are not readily available. This is
because resistors are manufactured
only in a range of standard values.
For most purposes the actual value
of the resistance is not over critical
and there will be one of the stan-
dard values within 10 per cent of

the required value which will be
adequate.

In the event of your having to
substitute a different value it will
be necessary to consider the effect
of increasing or decreasing the value
on the action of the circuit and to
choose the correct course.

FIXED AND VARIABLE
RESISTORS

If the value of the resistance is
critical the problem can be over-
come by using one or two fixed
value resistors in series with a suit-
able variable resistor. The values
should be chosen so that the total
resistance can be adjusted over a
range between about 90 per cent
and 110 per cent of the calculated
value. The variable resistor can then
be adjusted when testing out to give
the required effect.

This will generally allow for vari-
ations in component values including
those of associated components such
as capacitors which can vary as
much as 50 per cent to 200 per
cent of the stated value.

Once the design has been com-
pleted and the component values
calculated the whole lot should be
checked over to make sure that
there are no omissions. It is particu-
larly important to check that all the
pins of any integrated circuits used
are connected to the correct points
in the circuit including connecting
any unused inputs of logic circuits
to the correct power rail.

PROTOTYPE CONSTRUCTION
The circuit should be tested out

on a prototype board to check that
it functions as you intended that it
should. If any problems arise it is
easy to alter the design by chang-
ing the connections or component
values on the prototype board, but
this will not be so easy when the
circuit is made up in a more per-
manent form.

How you need to approach the
final construction of your project
will depend on the nature of your
circuit and how it is to be housed.
If your circuit consists of solely
panel mounted components linked
together with wires, then the most
convenient method of construction is

to simply mount the components on
the panel in the appropriate places
and link them together with wires.

It will be a great help when test-
ing out the system if the wiring is
done with wires of different colours.
If the wiring is laid out with care
taking the trouble to group the
cables together, except where this
might cause hum or other inter-
ference, they can be laced together
neatly after the unit has been tested.

P.C.B. OR STRIPBOARD
If your circuit incorporates a

number of small components, these
can be mounted either on a printed
circuit board or on stripboard. In
general the more simple types of
project lend themselves to being
constructed on stripboard whilst the
more complex circuits are best made
up onto printed circuit boards, pro-
viding that you have access to the
necessary materials and tools.

If either of these two methods of
construction is used, it will be neces-
sary to literally sit down with pencil
and paper to work out how to
arrange the components and con-
nections on the boards. If you can
obtain a supply of one -tenth inch
graph paper this will be a great
help since most components are con-
structed to fit on such a matrix.

Once the p.c.b. design has been
finished it can be transferred to the
board and the board etched and
drilled as normal. After preparation
the board can have the components
inserted starting with the smallest
components.

MOUNTING COMPONENTS
At this stage all the integrated

circuits should be catered for by
providing sockets into which the i.c.s
will be inserted later. This will
greatly ease any subsequent fault
finding.

Care must be taken to ensure that
all polarity sensitive components are
correctly oriented since some spec-
tacular faults, such as capacitors
exploding, can occur if errors are
made in the polarity.

It is also important to ensure that
the soldered joints are all correctly
made without their failing to make
contact or shorting out adjacent
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tracks. The most common reasons
for projects failing to work are
associated with poor soldering.

If the circuit uses a mains driven
power supply, it is advisable to
check that it is in fact producing
the correct output voltage before
connecting it to the rest of the cir-
cuit. After giving the board a final
check over, with the aid of a magni-
fying glass if necessary, the integra-
ted circuits can be inserted and the
unit switched on.

TESTING AND FAULT FINDING
Fault finding is a skill that is

improved by practice but there are
certain approaches which are valid
for most types of project.

If, on switching on, the unit is
completely dead it is advisable to
check that the required voltage is
available across the power supply
connections. If this voltage is not
present when the power supply is
connected to the unit but is pro-
duced by the power supply when
disconnected then the fault is likely
to be caused by a short circuit
occurring across the power rails. This
might be a faulty connection, faulty
component or incorrectly polarised
component.

If the correct voltage occurs at
the power supply rails, it will be
necessary to work steadily through
the circuit, preferably from the in-
put to the output, checking with
suitable test instruments to see where
the circuitry fails to work as it
should. This process is aided by fitting
the i.c.s into sockets since they can
easily be removed and replaced as
the testing proceeds.

When the point at which the cir-
cuit fails to work is detected it is
necessary to think carefully as to
what might cause the symptoms to
appear.

Before looking for more complex
causes it is worthwhile giving the
board a close inspection, with the
aid of a magnifying glass, to check
for board faults such as broken or
short circuited tracks. If short cir-
cuits are found these can be cut out
with a modelling knife. Broken
tracks can be repaired by soldering
wire connections across the breaks
and incorrect tracks can be cut off
and the correct connections made
with insulated wire soldered to the
ends of the tracks.

PACKAGING THE PROJECT
Whilst a beautifully presented but

non -working project will not impress
an examiner a well presented and
correctly functioning unit is bound
to impress. It will also be less likely
to fail at a critical time than the
ball of string assembly that is some-
times presented to examiners.

Ideally your project should look
like the sort of thing that you could
buy in a shop. Although you are
probably not going to be able to
produce a specially moulded case
just for your project, there is no
reason why it cannot be mounted
either in one of the cases which can
be bought from electronics shops or
in a good home made case.

Lettering can be applied to the
case by using rub -down lettering
protected by several layers of spray -
on clear lacquer.

WRITING THE REPORT
If your project is for an examina-

tion, it will be necessary to write
a comprehensive report describing
the design and the construction. This
report will be used by the examiner
as part of the marking operation
and is also used at later stages of
the process to check that the marks
given by all examiners are consistent.

For this reason the report must
give details of all the stages of the
project. You must include your speci-
fication, details of the alternative
solutions considered, details of how
the unit was constructed and tested.
You will need to be honest about
any faults you found since the
examiner will expect that you will
have had to spend some time find-
ing faults.

If you were lucky enough not to
have had any problems when testing
out the unit you must say so since
this omission could lose you marks.

You must also include a complete
circuit diagram and a detailed de-
scription of how it works. Here you
would be well advised to read the
appropriate sections of any of the
projects described in this magazine
to see the right approach.

You should also include photo-
graphs of your project which should
be as clear as possible. It is well
worth taking the trouble to present
both your project and the report as
neatly and professionally as possible
since this shows that you are proud
of what you have achieved.

DEMONSTRATING
The final hurdle is that you will

be expected to give the examiner,
who will probably be a teacher of
some sort, a demonstration of your
project. You need not fear this part
of the process since the examiner
will almost certainly be a fellow
enthusiast and he or she will cer-
tainly be interested to hear what
you have to say about YOUR IN-
VENTION. You should actually enjoy
telling about your work and showing
someone else how it works.
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The photos show a pupil of the authors
working on her project.
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Susan Whitley of Finningley checks out
her prototype Guitar Tuning Aid.

Testing the "breadboard" circuit prior to
designing a printed circuit board.

Etching the printed circuit board.

Board ready for insertion into case.

Applying "rub -down" lettering to case.

The completed tuning aid which won
Susan the individual project prize in the
Yorkshire Regional Final of the "Young
Engineer for Britain 1981".



Advertorial
I've always had an aversion to

"advertorial". That's an article which is
sponsored by a manufacturer or retailer
for advertising purposes.

Sometimes advertorial is blatant; a page
of puff for a new product dressed up to
look like an independent appraisal. The
manufacturer pays for the page to be
published and the magazine preserves its
integrity by publishing a note at the top
which identifies the page as advertising.
A more subtle kind of advertorial is a puff
article on a firm and its products which a
journalist manages to sell to a magazine
as editorial copy.

Some Japanese firms have been very
successful at this. They take a tame
journalist with good connections in Fleet
Street to Japan, show him (seldom her)
all kinds of exciting new gadgets and
impressive factories, provide extravagant
entertainment and then wait confidently
for a predictably sycophantic piece to
appear in print.

In this respect the European electronics
press is often a bit of a disappointment to
the Japanese. They are duly impressed
by what they are shown, because it's
always truly impressive, but have a nasty
habit of asking awkward questions and
writing objectively. That's why some
Japanese firms don't waste their time
on the European electronics press!

Booklets
For obvious reasons, advertorial

material often isn't worth reading. This
is why many journalists won't write it.
Perhaps this is also why there has been
a trend over recent years towards a new
kind of advertorial, that isn't really adver-
torial at all. It's a free booklet, that's
sponsored by an advertiser.

The booklet contains hard technical
facts written subjectively, with advertising
puff for the sponsoring firm kept clearly
separate. As publications of this type are
free, and contain useful information, they
can be well worth watching out for when
you visit exhibitions or specialist shops.

Watch out, for instance, for the Senn-
heiser brochures. These contain much
more than a list of Sennheiser micro-
phones and headphones; they also
contain some very useful general informa-
tion on microphone and headphone
technology. Kef, one of the most success-
ful British loudspeaker manufacturers,

By BARRY FOX
produces a series of technical bulletins,
called Kef Topics. You can learn a great
deal about loudspeaker technology from
these.

The tape manufacturer, 3M, has pro-
duced some good information sheets,
called Pulse, on audio and video tape
technology. British Telecom have some
useful publications on a wide range of
telecommunication topics.

Bang and Olufsen in Denmark has
published a series of White Papers on
tape and gramophone design philosophy
and technology. Although the emphasis
is heavily on B and 0 products, there is

immie The

still a good deal of background informa-
tion to be gleaned.

The First
One of the first firms to put out a

booklet of general information on the
whole topic of hi fi, with the company's
products referred to only as specific
examples, was Pioneer of Japan. It's
nearly ten years now since the Pioneer
HiFi Handbook "an introduction to the
terms and technology of serious sound
reproduction" was published.

Although it contained silly errors (like
a discussion of tuner specifications under
the heading for turntables) it was a brave
effort, and good for the company's image.
Unfortunately I haven't heard a squeek
from Pioneer for nearly two years now.

Almost the same fate has befallen
another Japanese company, Teac. Five
years ago Teac published two very good
free booklets. These explained the tech-
nology and techniques of multi -track
recording, with special reference to their
home four- or eight -track systems.

But Teac has also been hiding its light
under a bushel recently. In fact dortestic
Teac multitrack recording equipment is
now being seriously challenged by
Fostex, a new Japanese firm started by
ex-Teac engineers.

Fostex multi -track equipment is handled
in Britain by Turnkey, of New Barnet,
Herts. The Turnkey mail order catalogue
advertises a whole range of electronic
gadgetry, and has a lot of useful technical
information in lay terms, for instance on
cables, noise gates, signal processing and
special effects like echo.

Microcomputer Boom
The Laskys "Buyers Guide" contains a

very good description by Guy Kewney of
how the home microcomputer boom got
underway. It's something I've watched with
jaundiced interest, because it's exactly like
the hi fi boom of a decade ago, and the
video boom which began in the late 70's
and is still continuing.

In each case the people selling high tech-
nology equipment often know as little about
it as the first time buyer. Their only advan-
tage over the customer is a vocabulary of
buzz words that cow the unfortunate new-
comer into puzzled submission.

There are, of course, some genuinely
knowledgeable dealers who really know
their subject. But often they can't express
themselves in plain English.

Computer Hobbyists
The computer market is still booming and

buoyant because there are still enough
latent hobbyists around to support sales of
"Heath Robinson" hardware, with instruc-
tion manuals which are as thick as an
encyclopaedia and as readable as a tele-
phone directory. But both here and in
America there is a largely untapped
reservoir of people who have neither the
time nor the inclination to start another
hobby, especially a hobby as demanding as
computer technology.

What I, and many other people want, is
a memory bank and word processing
system, that will make my business life
easier. Unfortunately, it's taking a very long
time for this message to get through to the

people who are making and selling compu-
ter systems.

Frightening Choice
I know of a weekly magazine in London

which recently asked a string of large, and
small, computer firms to tender for the
supply of a word processing and data
storage system for the magazine office. The
ignorance and incompetence of many of the
firms was frightening. Some of them didn't
even know enough about their product to
be able to put in a coherent tender.

An American journalist told me how he'd
been sold a word processor, and immedi-
ately been confronted with an utterly in-
comprehensible manual. I know of two
British journalists who have bought expen-
sive microcomputer systems, but not found
the time to learn how to program them.

Even if a businessman gets a sound
system, and a manual clear enough to let
nim get it working, there's still the problem
of getting the system to do exactly the job
it was bought for.

A businessman with no knowledge of
computer programs will be completely
stymied. As sure as night follows day, some-
one then says it's the wrong system for the
job and the only solution is to start again!

No wonder so many small businesses are
doing as I am now doing, and that's hanging
on until the computer market has shaken
down. I'm waiting until it's as easy to buy,
use and maintain a computer system as it is
to buy, use and maintain any other elec-
tronic leisure or labour-saving device.
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Taking out a subscription for Everyday Electronics

is the easiest and most convenient way of under-
standing tomorrow's world today. Regular features
include easy -to -build projects for use in and around
the home plus ideas for leisure ... photography,
games, motoring, music and many more.

Everyday Electronics is your introduction to a
most stimulating hobby, so complete the form below
today, and prepare to meet the challenge of
tomorrow's technology.

OFFER CLOSES 31 DECEMBER 1982

SUBSCRIPTION ORDER FORM 1

UK -E-1-2700- £9.60
OVERSEAS -L1-3700- £10.60

Please register my subscription for one year for which I enclose

cheque/postal order value
made payable to IPC Magazines Ltd.

Name

Address

Send to: IPC Magazines Ltd, Room 2816, King's Reach Tower,
Stamford Street, London SE1 9LS

SPECIAL OFFER TO NEW SUBSCRIBERS

£2.40 OFF REGULAR

SUBSCRIPTION RATES
SAVE MONEY... ORDER NOW!

r

AUTUMN '82 WR&E
 MORE PAGES

 MORE COMPONENTS

 MORE TOOLS

 MORE TEST GEAR

 MORE DISCOUNT
VOUCHERS (3x£1)

 MORE BOOKS

Now 128 pages of
components, modules, sub
assemblies from the leading
exponent of components.

L

AT YOUR NEWSAGENT
OR DIRECT

 MORE COILS

 MORE FILTERS

 MORE HARDWARE

 MORE
SEMICONDUCTORS

MORE INFO

 MORE INNOVATION
WITH A TELEPHONE

ACCESSIBLE COMPUTER
ORDERING FACILITY

BRENTWOOD ESSEX CM14 4SG

Telephone Telex
(0277)230909 995194 AMBITG

REVVTE L
data RS232/300 baud

(0277)230959
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RADIO WORLD
Racalex 82

Radio communications equipments are
tending to become ever more complex
and more dependent upon advanced
technology. The recent exhibition and
symposium of the Racal Group of com-
panies underlined this with its impressive
assortment of military communications
systems and those appendices that
threaten to become ever more important.

This includes ECM or electronic counter
measures which basically means jamming
enemy systems, ECCM or electronic
counter -counter measures which involves
making your system able to defeat the
enemy's ECM; and ESM or electronic
support measures than can include the
most sophisticated techniques for sur-
veillance, analysis of incoming signals
and much else besides.

The search to make communications
reliable and secure while denying such
facilities to the enemy is reflected in the
emphasis placed on digital encryption of
speech and telegraph traffic. A further aim
is often to conceal the very existence of
radio traffic-a classic form of cryptogra-
phy or more correctly "steganography".

One approach to this is the use of
frequency -hopping techniques in the
crowded h.f. band using s.s.b. rather than
f.m. type signals. It is then very difficult
indeed to detect the signals even with a
spectrum analyser.

Yet Racalex 82 provided evidence that
the oldest mode of radio communication,
manual morse transmission, still has a
valuable role. Racal for instance were
showing a new morse code training
system for classroom use-but it was
talking to Lady Virginia Fiennes that
provided the most convincing proof.

Transglobe communications
Lady Virginia Fiennes was the base

radio operator for the three-year Trans -
globe expedition during which her husband,
Sir Ralph Fiennes, and co -explorer
Charles Burton successfully completed
the first ever circumnavigation of the
globe following mostly the Greenwich
Meridian and travelling via both South and
North Poles.

When the party sailed from Greenwich
in September 1979 they carried some
£200,000 of modern radio equipment
loaned by Racal Electronics. As com-
munications chief, Lady Fiennes, had two
main radio tasks. To keep in touch from
a series of base camps, including eight
lonely months in a reinforced cardboard
hut in the Arctic, with the explorers. Also,
to keep in touch with Cove Radio at the
Royal Aircraft Establishment, Farn-
borough, Hampshire or the Portishead
Radio long-distance coast station.

Using 400 -watt and 1kW h.f. single -side
equipment she usually spoke directly to
the high -power UK stations. But in the
extremely difficult radio propagation con-
ditions for which the Arctic and Antarctic

By Pat Hawker, G3V A

are noted (including severe polar cap
absorption and multipath conditions that
make even strong signals difficult to copy)
the links with the explorers, who were
using man -pack type equipment, was often
a matter of finding that slow morse will get
through when other modes find the going
altogether too tough.

Portable power
With portable equipment the main

problem, particularly in extremely cold
climates, tends to be keeping the batteries
charged and in good shape. While
petrol -electric generators can be carried
in vehicles, for truly portable operation it
comes down to a question of batteries
and/or hand generators-and neither of
these sources of power are exactly
lightweight. There is increasing interest
in high-energy lithium batteries for such
applications.

Unique experience
I asked Lady Fiennes whether she was

writing a detailed account of the Trans -
globe radio communications. She ad-
mitted that she had been asked to do this
but seemed rather diffident in that her
experiences as a radio operator did not
mean that she regarded herself as a
communications expert.

Personally, I hope she is persuaded to
provide us all with a detailed account of
this unique experience. Radio operators
often provide a more valuable report of the
problems-and suggestions on how they

Top speed
In the January 1982 Radio World

I referred to the claim in the
"Guiness Book of World Records"
that the highest known speed of
sending on a purely manual morse
key was the 35 words per minute
(w.p.m.) clocked up by Harry Tur-
ner, W9YZE in 1942. This has re-
sulted in a most interesting letter
from Tom Laidler of Glandore,
South Australia, who has been
VK5TL since 193'7 and who was
trained as a Post Office telegraph
operator in 1918 by a Mr. Thomas
Morris.

Although no written records exist,
Mr. Morris once told Tom Laidler
that he had been able to get his
sending up to 39 w.p.m. and "that
it took a lot of hard practice to
get the extra five characters in to
make it 40 w.p.m." The date when
this happened is unknown but the
claim rings true as many Post Office
operators reached high speeds in the

can be overcome-than the engineers and
the radio propagation experts who so
often wish to justify their designs.

I recall, some 35 years ago, reading a
long typescript report of the radio com-
munications of the original K on -T iki
expedition. The operator was a former
Norwegian Resistance clandestine oper-
ator and the most successful equipment
carried on the raft proved to be the war-
time "B2" suitcase set.

Unfortunately, so far as I know, this
report was never published, presumably
because publishers felt there was little
demand for such semi -technical infor-
mation. Yet it was a fascinating account
of the practical problems of communicat-
ing from a small balsa -wood raft in the
middle of the Pacific Ocean.

Exit v.h.f. television?
The interim report of the Merriman

Committee recommends that the British
405 -line v.h.f. television on Bands I and III
should end in 1984 rather than 1986 and
that no further television broadcasting
should be permitted on these bands.

While this recommendation will not
surprise many people it does seem re-
markable that only in the UK will viewers
lose what are in every other country the
prime television bands. It would have been
very much easier and cheaper to have put
new 625 -line channels on v.h.f. than to
develop cable or direct satellite broad-
casting.

In the end it is the viewer who pays.

days before the development of the
teleprinter.

Still an active morse enthusiast at
the age of 78 years, Tom uses a
home -built key he made in 1938
based on the wooden patterns for a
standard Post Office type key, but
for which he then had several bits
cast in a brass foundry. He also
owns one of the rare "three paddle
Automorse" key designed by a Mr.
N. P. 0. Thomas, also of the Aus-
tralian Post Office, about 1922 that
makes both dots and dashes auto-
matically.

In the years before the develop-
ment of electronic keyers some ex-
tremely ingenious mechanical keys
were developed and marketed in a
number of countries. The automorse
key was sold for £5, which at the
time was more than a week's pay
for a telegraphist. Even today, as
my earlier story shows, manual
morse is far from obsolete.
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AT -80
Electronic Car Security System

 Arms doors, boot, bonnet and has security loop to protect
fog/spot lamps, radio/tape, CB equipment

 Programmable personal code entry system
 Armed and disarmed from outside vehicle using a special

magnetic key fob against a windscreen sensor pad adhered to
the inside of the screen  Fits all 12V neg earth vehicles

 Over 250 components to assemble

ILNDLEADING ELECTRONICS

NOW AVAILABLE IN KIT FORM
VOYAGER Car Drive Computer

a-

SX 1000
Electronic Ignition

 Inductive Discharge
 Extended coil energy

storage circuit
 Contact breaker driven
 Three position changeover switch
 Over 65 components to assemble
 Patented clip -to -coil fitting
 Fits all 12v neg. earth vehicles

.

SX2000
Electronic Ignition

 The brandleading system
on the market today

 Unique Reactive Discharge
 Combined Inductive and

Capacitive Discharge
 Contact breaker driven
 Three position changeover switch
 Over 130 components to assemble
 Patented clip -to -coil fitting
 Fits all 1 2v neg. earth vehicles

SPECIAL OFFER
"FREE" MAGIDICE KIT WITH
ALL ORDERS OVER £45.00

 A most sophisticated accessory.  Utilises a single chip mask
programmed microprocessor incorporating a unique programme
designed by EDA Sparkrite Ltd  Affords 12 functions centred
on Fuel, Speed, Distance and Time.  Visual and Audible alarms
warning of Excess Speed, Frost/Ice, Lights -left -on  Facility to
operate LOG and TRIP functions independently or synchronously
 Large 10mm high 400ft-L fluorescent display with auto
intensity  Unique speed and fuel transducers giving a
programmed accuracy of + or - 1%  Large LOG & TRIP
memories. 2,000 miles. 180 gallons 100 hours  Full Imperial
and Metric calibrations  Over 300 components to assemble
A real challenge for the electronics enthusiast'

TX1002
Electronic Ignition
 Contactless or contact triggered
 Extended coil energy storage circuit
 Inductive Discharge  Three position
changeover switch  Distributor
triggerhead adaptors included  Die cast
weatherproof case  Clip -to -coil or remote
mounting facility  Fits majority of 4 Et 6 cyl.
12V neg. earth vehicles  Over 145
components to assemble.

TX2002
Electronic Ignition

 The ultimate system  Switchable
contactless.  Three position switch with

Auxiliary back-up inductive circuit.
 Reactive Discharge. Combined capacitive

and inductive  Extended coil energy storage
circuit.  Magnetic contactless distributor trigger -
head.  Distributor triggerhead adaptors included

 Can also be triggered by existing contact breakers.
 Die cast waterproof case with clip -to -coil fitting  Fits

majority of 4 and 6 cylinder 12v neg. earth vehicles.
 Over 150 components to assemble

AP SPARK RITE products and designs are fully Covered by one or more World Patents

NMI
SPARKRITE 82 Bath Street, Walsall, West Midlands, WS1 3DE England

SELF
ASSEMBLY

KIT

SX 1000 £12.95
SX 2000 £19.95
TX 1002 £22.95
TX 2002 £32.95

AT 80 £32.95
VOYAGER
MAGIDICE

£64.95
£9.95

PRICES INC VAT. POSTAGE & PACKING

111111 MIN

NAME
ADDRESS

MAGIDICE
Electronic Dice

 Not an auto item but great fun
for the family

 Total random selection
 Triggered by waving of hand

over dice
 Bleeps and flashes during a 4 second

tumble sequence
 Throw displayed for 10 seconds
 Auto display of last throw 1 second in 5
 Muting and Off switch on base
 Hours of continuous use from PP7 battery
 Over 100 components to assemble

NM MN
Tel: (0922) 614791 Allow 28 days for delivery

I ENCLOSE CHEQUEISI/POSTAL ORDERS FOR

C

CHEQUE NO
KIT REF

PHONE YOUR ORDER WITH ACCESS/BARCLAYCARD
SEND ONLY SAE IF BROCHURE IS REQUIRED

MI MN MN NM MIN Ell MN MIN

EE

CUT OUT THE COUPON NOW!
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ANNOUNCING THE NEW MAIL ORDER DIVISION OF THE GRENSON GROUP.

VAST STOCKS AND COMPUTER CONTROLLED OPERATION HAVE ASSURED
VERY COMPETITIVE PRICES. SEE FOR YOURSELF!

BENCH POWER SUPPLIES.
As featured in Feb 82 'Practical Electronics'.

KIT BUILT
Unit (BPU1) £35 £59
P + P £ 3.35 f 3.35
V.A.T. £ 5.75 £ 9.35

Triple output unit (1 ± 15V and +5V) available shortly.
The Grenson Group have over twenty years experience designing power

supplies. Contact us now and we will try to solve your problem.

LARGE ELECTROLYTICS.
Sprague/General Electric made - computer grade - ideal for power supplies -

ONLY £2.50 EACH!
185,000 (G 15V. 300,000 @ 7V. 120,000 15V. 100,000(a 30V.

71,000 @40V. 60,000 @r40V. 9,000 (a 50V.

SMALL ALUMINIUM ELECTROLYTICS.
Axial Leads Radial Leads
uF V Price uF V Price uF V Price uF V Price
1000 6.315p 470 16 15p 470 16 15p 47 50 10p

22 10 05p 4.7 25 05p 1000 25 25p 4.7 63 05p
100 10 05p 330 25 15p 220 40 25p 100 63 15p
22 16 05p 680 25 25p 470 40 25p 220 63 20p

OLD TIMERS SECTION.
0C44 70p 0C45 37p 0071 34p 0070 36p 0C42 70p
0C35 90p 0C25 75p 0C16 200p 0C170 44p 0C22 150p
2So24 200p 0C139 70p 0C140 75p 2S307 85p 2STO1 80p
0084 25p 0C41 60p 2S301 80p 0076 40p 0073 40p
0083 40p 0A5 10p 0A7 15p 0A10 15p 0A47 10p

MIXED BAGS.
Capacitors - 30 assorted values only 0.00!
Transistors - 20 small signal plastic - n.p.n. - p.n.p. only £1.50.

Lists available on request.

RESISTORS.
We have, amongst others, the following resistors in stock: -

Over 11 million 1 watt carbon film.
Over 4 million 1 watt metal oxide.
Over 1 million wirewound.
Further stock listed in our free catalogue.
Typical Prices

1-9 10-99 100+
1 watt carbon 2p 14p 1p

watt metal oxide 6p 4p 3p
6 watt wirewound 25p 15p 12p

SERIES 74 I.C.'s.
Comprehensive stocks, competitively priced. Simple gates from only 10p.

See our free catalogue for details.

I.C. SOCKETS.
14 way -10p. 46 way - could be broken to make smaller strips - 25p. 16 way -

gold pins - 20p.
TRANSISTORS.
AC107 30p BC149 7p BC212L 9p BC337 13p BF198 13p
AC126 30p BC159 12p BC213L 9p BC558 14p BF199 15p
AC188 27p BC171 10p BC237 12p BF115 29p BFR40 20p
ACY17 66p BC173 10p BC308 13p BF194 13p BFX29 25p
ACY19 65p BC212 9p BC327 18p BF197 13p BFY90 60p

2N706 15p 2N2222A 20p 2N3705 10p 2N4061 10p
2N1131 20p 2N2369A 15p 2N3711 10p 2N5172 15p
2N1132 20p 2N3702 10p 2N3904 15p 2N5179 30p

VOLTAGE REGULATORS AND P.S.U. COMPONENTS.
+ 5V 1A T0220 50p +12V 0.5A T0220 50p +15V 1A T0220 50p
+ 5V 1.5A TO3 1.50p +12V 0.5A TO3 90p +15V 0.5A T03 90p
- 5V lA T0220 50p +12V 1.5A T03 1.50p -15V 1A T0220 50p
- 5V 1.5A T03 2.00p -12V 1A T0220 50p -18V 1A T0220 50p
+ 6V 0.5A T0220 50p -12V 1.5A T03 2.00p -24V 1A T0220 80p
2N3055 35p, 2N4,347 (120V) 1.50p, 2N6258 (250W) 1.80p, 400mW Zeners 5p, 723 30p.

* SPECIAL OFFER * * SPECIAL OFFER * * SPECIAL OFFER *
For every order received in December 1982 of a value greater than £10.00, a

free bag of assorted components worth at least £2.00 will be sent with the order.
Please allow 21 days for delivery.

Dept. ,T37, High March, Daventry, Northants NN1141-IQ.
Tel: 03272 5523 Telex: 311245 GRENEL G.

Please add 50p per order postage and packing plus 15°/s VAT on total. No VAT on
overseas orders, postage at cost. Cheques and
postal orders made payable to Emos
Limited. Send large SAE for comprehensive
catalogue.

BAKER £69
50 WATT Post £2

! .4'4:4....
AMPLIFIER
Superior quality ideal for halls/1'A systems. Disco's and
Groups. Two inputs with Mixer Volume Controls. Master Baas,
Treble and Gain Controls. 50 watts RMS. Three loudspeaker
outlets 4, 8, 16 ohm. AC '240V (120V available).
BAKER ISO Watt AMPLIFIER 4 Inputs E89
Mono Slave 150W 175. post £2 Stereo Slave 2125. post £3
DRILL SPEED CONTROLLER LIGHT DIMMER KIT.
Easy to build kit. Controls up to 480 watts AC mains. 83
DELUXE MODEL Ready Built. 800 watts. 85
STEREO PRE -AMP KIT. All parts to build this pre -amp.
3 Inputs for high, medium or low gain per channel, with
volume control and P.C. Board. Can be ganged to make
multi -way stereo mixers. 4,2  95

SOUND TO LIGHT CONTROL KIT MK II
Complete kit of parts, printed circuit. Mains transformer.
3 channels. Up to 1,000 watts each. Will operate from 200MV
to 100 watts signal source. Suitable for home 111.F1 £19
and all Disco Amplifiers. Less cabinet £15  00. Post 95p
OR COMPLETE READY BUILT IN CABINET 127
200 Watt Rear Reflecting White Light Bulbs. Ideal for Disco
Lights. Edison Screw 75p each or 6 for 14 or 12 for £7.50.
MAINS TRANSFORMERS Primary 240V A.C. POST
250-0-260V 80niA. 6.3V 3.5A. 6-3V lA 11500 29
350-0-350V 250mA. 6.3V 6Amp C.T 81200 19
220V 25rna. 6V 1A SE '220V 4.5ma. 6V 2A 2300 21
250V 6Orria 6-3V 2A 23  50 £1
General purpose tapped outputs voltages available.
2 amp 3, 4, 5, 6, 8, 9, 10, 12, 16, 18, 25 and 30V 16  00 12
1 amp 6, 8, 10,12,16, 18, 20, 24, 30, 36, 40, 48. 60 16.00 22
2 amp 6, 8, 10, 12, 16,18, 20.24, 30, 36, 40, 48. 60 110.50 69
3 amp 6, 8,10, 12, 16,18, 20, 24, 30, 36, 40, 48, 60 21E50 92
5 amp 6, 8, 10, 12,16, 18,20, 24, 30, 36, 40, 48.60 AM 00 29
5-8-10-16V is _22-50 80p 12-0-12V 2a 13.50 81
OV is 2200 21 15.0-15V 2a 83 76 21
6-0-6V 11a 23  50 11 20V la 2300 91
9V 250ma 111  50 80p '20V 3a 43-50 81
9V 3a 23-50 £1 20.0-20V la 13  50 81
9-0-9V 50ma .11.50 80p 20-40-60V la 8400 12
10-0-10V 2a 2E00 21 25-0-25V 2a 24-50 22
10-30-40V 2a 2E50 £1 28V la Twice ...2500 22
12V 100ma 11.50 80p 30V 10a 23 50 81
12V 750ina 22-00 80p 30V 5a 2500 £2
12V 3a 23.50 £1 34-0-34V 6a ....212 00 £2
12V 2a 13-00 21 35V 2a 24-00 11
TOROIDAL 30-0-30V 4 Amp + 20-0-20V 9 Amp £10 00 12
CHARGER TRANSFORMERS RECTIFIERS
6-12V 3a 24.00 22 6-12V 2a £1. 00 1305

6-12V 4a 28.50 £2 6-12V 4a 2200 80p

R.C.S. LOUDSPEAKER BARGAINS
3 ohm. 6 x 41n., 5in., 7 x 4in. 12-50.8 x 5in. 61in. 13  00.
8in. 24150. 10in. 8500.8 ohm. 25, 24. 21in. 2E00.
3M., 5 x 3M., Sin. 12-50. Sin. 24.50. 10in. 2500. Ilin. 1E00.
16 ohm. 31in. 6 x 41n. 5in. 22- 50..8in. 24.50. 10 x 61n. 24.00.
25ohni. 311n. 35 ohm. En. 2250. Many others in stock.
Speaker Covering Material Samples 3Ip. stamps.
R.C.S. LOW VOLTAGE STABILISED
POWER PACK KITS 90-100 ni A Post 75p L3.95
All parts and instructions with Zener diode printed circuit,
rectifiers and double wound mains transformer input 200-240
ex. Output voltages available 6 or 7.5 or 9 or 12V d.c. up to
100mA. State voltage.
PP BATTERY ELIMINATOR. BRITISH BLADE 14.50
Mains Transformer Rectifier 9 volt 400ma. Post 75p
stabilised, with overload cutout. Plastic case size 5 x 51 x 20.
Suitable Radio/Cassettes. Fully Isolated and Smoothed.
DELUXE Switched Model 3-6-70-9V 400ina. 17 -50 -Pont £1
THE "INSTANT" BULK TAPE ERASER
Suitable for cassettes and all sizes of tape reels
A.C. mains 200/240V. L9 50 Port
Ideal all Computer, 95p
Tapes, Discs, Cassettes.
HEAD DEMAGNETISER PROBE 2600.

A.C. ELECTRIC MOTORS POST 95p.
2 Pole, 240V, 0.2 Amp. Spindle -
1 -43 x 0.2121n. £1.75. 2 Pole,
240V, 0.1.6 Amp Double spindle -
1.75 x 0 .16in. Each £1. 2 Pole.
120V, -5 Amp Spindle -0.75 a
0.21n. Two in series - 240V. 50p
each. Brush Motor. From a Food
Mixer 240V,  3 Amp High Speed
and Powerful Spindle -0.5 x
025in. 2295. Good Selection.
B.S.R. Motors £4. Garrard Motors £5.

INIGNI.

git 11

Ur.

ALUMINIUM CHASSIS 18 s.w.g. Undrilled, 4 sides. riveted
corners: 6 x 4 x 2Sin. £1.45: 8 x 6 x 21In. 21.80; 10 x7 x21/n.
£2.30; 14 x 9 x 21in. £3-00; 16 x 6 x 21in. £2.90: 12 x 3 x 21in
£1.80; 12 x8 x21'n. £2  60; 16 x 10 x 20in. 13 -20.
ALI ANGLE BRACKET 6 x 1 x 11n. 25p.
ALUMINIUM PANELS 18 svv.g. 12 x 121n. £150 ; 14 x 9In.
£1 .45; 6 x 4in. 43p; 12 x 8in. £1. 10 ; 10 x 71n. 96p; 8 x 6in. 72p.
14 x 3in. 7213; 12 x 51u. 72p; 16 x 10in. £1.68; 16 x 61n. £1.10;
ALUMINIUM BOXES. MANY OTHER SIZES IN STOCK.
4x21 x 2in. 1.1.00; 3 x 2 x lin. 80p; 6 x 4 x 2in. £1.60; 8 x fix
3M £2  50: 12 x5 x 3in £2.75: 6 x 4 x 31n £1.80; 10 x 7 x 31n la.
HIGH VOLTAGE ELECTROLYTICS 32+32/350V 50p
8/450V ....45p 50/450V ......95p 32+32/500V -91.80

32/350V ....459 '220/450V 95p 32+32+32/362V 705
32/500V ......959 8+16/450V 75p 16+32+32/500V £2

BSR HI -Fl AUTOCHANGER
Stereo Ceramic Cartridge L18
Plays 12in., 10M., or 7in.
records Auto or Manual.
Quality unit 240V AC POST
Size 131 x Min. £2
BSR Single Player P204 cueing device, Ceramic 915 poet 63
or with ADC. QLM 30/3 Magnetic cartridge. 120 post 42
BSR P184 QUALITY DECK. BELT DRIVE
VARIABLE SPEEDS, 12in Turntable with L47
Strobe Markings, Balanced Arm,
Magnetic Cartridge. post £3

BSR P170 Single Player. Slim arm. 240V. AC.
Ceramic cartridge. Cueing device. Auto stop. £20 post 12
B.S.R. P232. Belt drive, magnetic cartridge,
snake arm, cueing device. 12 volt D.C. L24 post £2

3S:lSinlPlajel9xolt D.C. motor, rim
K

s
0 post 12d;i,e;eeraloctrage.

Radio Component Specialists
337, WHITEHORSE ROAD, CROYDON,

SURREY, U.K. TEL: 01-684 1665
Post 85p Minimum. Callers Welcome. Closed Wed.
Same day despatch. Access -Barclay -Visa. Lists 31p.
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SQARE

on
FOR
BEGINNERS

HAVING studied the fixed value
resistor earlier this year, this

month's Square One will take a look
at the variable resistor or potentio-
meter. The resistance value of a
variable resistor is measured in
ohms, but by means of rotating a
shaft or slot on the component, this
value can be varied between zero and
the predetermined maximum resis-
tance.

Potentiometers (or "pots" as they
are sometimes known) are three ter-
minal devices, one terminal at each
end of the resistive track and a
third terminal on the wiper. This is
the terminal that "wipes" along the
resistive track and so varies the
resistance at the wiper.

The circuit symbols are shown in
Fig. 1. There are two main types
of variable resistor, the control po-
tentiometer and the preset potentio-
meter and as oan be seen, the
symbol differs for each in the way
the wiper is represented.

CONTROL POTENTIOMETERS
The control potentiometer is the

type used for volume controls on
amplifiers and in other situations
where frequent adjustment is re-
quired. The adjustments are made
by means of a knob attached to the
rotating shaft on the component,
and the full range of adjustment is
made through three-quarters of a
turn of the shaft.

Also available are dual ganged (or
tandem) potentiometers, this type
having two variable resistors mecha-
nically linked on one spindle. The
most obvious application for tandem
pots is controls for stereo equip-
ment, whereby both channels can be
simultaneously adjusted with one
control knob.

A further type of control potentio-
meter is the slide pot, where the
resistive track is produced length-
ways and the wiper "slides" along it
thus varying the resistance. These
are most commonly found on gra-
phic equalisers and mixer units and
are generally available as both
single or dual ganged types.

PRESET POTENTIOMETERS
The preset potentiometer is for

the situation where, once set, the
value will be left. They are not in-
tended for continuous adjustment.
The main use of the preset is there-
fore in the setting up and calibra-
tion of electronic equipment.

A whole range of types and sizes
of preset are available, including
precision multiturn trimmers (trim-
mer being another name for a pre-
set) which require anything up to
25 full rotations for the wiper to
go from one end of the resistive
track to the other, facilitating very
accurate settings.

Among the other types are skele-
ton presets of which there are two
sizes, miniature and standard, and
both of these can be supplied as
either horizontally mounted or verti-
cally mounted components. Almost
all preset resistors are intended for
direct mounting into a printed cir-
cuit board compared to the control
potentiometers which are designed
for mounting onto a front panel, by
means of a threaded bush and nut.

Adjustment of preset potentio-
meters is usually by a screwdriver
slot although some types do have a
small integral knob which can also
double as an enclosure for the com-
ponent.

MATERIALS
A number of different materials

are used for the resistive tracks of
both types of potentiometer. Small
presets usually have a carbon or
cermet (a conductive plastic) resis-
tive track, the cermet type being of
higher quality and more durable.

WIPER

VR1 VR2

PRESET POTENTIO-
METER (VR1) AND
RESISTOR (VR2)

WIPER

VR3 VR4

CONTROL POTENTIO-
METER (VR3) AND
RESISTOR (VR4)

Fig. 1. Circuit symbols of variable resis-
tors. Note that where the wiper is drawn
as a diagonal stroke through the symbol,
the component is a two terminal device
and adjustment simply varies the resis-
tance between the two terminals.

The multiturn trimmers are of a
wirewound construction as are the
higher power control potentiometers.

The dual ganged, slider and stan-
dard control potentiometers have
carbon tracks with the higher qua-
lity versions again having the cer-
met track.

Further to all the different types
of variable resistor so far discussed,
there is an additional two categories
into which they will all fall; that is
linear track or logarithmic track.
The linear type, abbreviated to lin,
has a varying resistance which re-
sponds linearly with the rotation of
the wiper and includes all wire -
wound and most carbon or cermet
potentiometers.

However, the logarithmic response,
abbreviated to log, has a larger pro-
portion of the resistance at ane end
of the track, so rotation of the
wiper at this end of the track
causes a greater variation in resis-
tance than at the other end. Log
tracks are available on most carbon
control potentiometers.

A selection of variable resistors. Clockwise, from bottom left corner: a wirewound control
pot; a carbon control pot with integral switch; a dual ganged control pot; three different
sizes of control pot. In the foreground, a selection of preset potentiometers including a
multi -turn in the bottom right, and finally a cermet control potentiometer.

440
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:',TRONIC SUPPLIES

By Dave Barrington

Heating Controller
Now that the winter months and cold

weather are about to hit us, readers may be
interested in a new controller unit from
Vellerman (UK).

The Vellerman Heating Controller Kit,
K2583, is designed to control the tem-
peratures inside buildings enabling central
heating systems (oil, gas, electricity) to
work more economically and therefore
save energy.

The unit is claimed to replace conven-
tional thermometer units and provides
four programmes daily controlling the
temperature at any given period. These
programmes are totally independent and
therefore it is possible to select day and
night temperatures separately.

The digital display readout also func-
tions as a clock as well as a thermometer.
It is also possible to control the unit
manually without disturbing any of the
pre -selected programmes.

It is claimed that savings are obtained
by a more accurate measuring of time and
temperature and precise on and off
switching, eliminating mechanical tol-
erances.

The K2583 Heating Controller is avail-
able in kit form for £75 plus VAT or as a
ready built and tested unit for £98-90.
More details and specification can be
obtained from Vellerman (UK) Ltd., Dept
EE, P.O. Box 30, St. Leonards-on-Sea,
East Sussex TN37 7NL.

Combination Lock
Readers who are constructing the

Combination Lock, published in our
November issue, and looking for a
suitable latching mechanism for this
project may care to investigate the device
from TK Electronics.

This electrically operated latch mech-
anism, stock No. 701 150, is specified for
use on 12V a.c. However, we understand
that it will work reliably from a 9V d.c.
source. Also, it is claimed, it may be used
with any existing Yale or Chubb type lock,
replacing the catch or "box" that normally
mounts on the door frame.

A 20 -page booklet on Remote Control
kits is also available from TK and con-

tains circuits for remote switching of
lights, television and model control. The
booklet cost 30p plus a stamped addressed
envelope.

End of an Era
Finally, on a sad note before we discuss

the problems of component buying we
must report the demise of Home Radio.

With Sir Freddie Laker's Airways plum-
meting to earth with a loss of £230 million,
and now old history, it is unlikely that the
disappearance of Home Radio (Com-
ponents) Ltd., caused a tremor in the City.

Even so, it is sad to relate that a firm
that had been going for over thirty years,
and much appreciated by the amateur
constructor, has had to close. There may
not be a single answer as to the cause, but
rising costs and diminishing sales, the
result of the recession, were probably
major factors.

The Managing Director, Alan Sproxton,
said that in his opinion the enthusiasm
of the amateur constructor was as greatas
ever, with numbers still growing, but many
had not the money to spare for their
hobbies. He also said that at one time
Home Radio received large orders from
schools, colleges, and training centres,
but during recent years the orders had
dropped drastically.

Home Radio will chiefly be remembered
for the large well illustrated catalogue
which was produced at yearly intervals.
The first, printed in 1959, set a trend and
standards that have been copied ever
since.

On a personal note, I should like to
thank Alan Sproxton for all the help that
he has given whenever we have been
searching for elusive components. Read-
ers will never know the amount of research
and time Alan has spent on their behalf.
We hope, in fact we are sure, that Alan
will always make available to us his vast
knowledge of the components industry.

..4 iiiiiiiiiiiiiii ""","M", \MAMMA\\''''

The K2583 Heating Controller from Veller-
man.

CONSTRUCTIONAL PROJECTS

Security Vari-Light
Although identically rated components

are available for the Security Vari-Light,
they may not be compatible with the
printed circuit board and could cause
purchasing problems.

The mains relay RLA used in our model
is the Maplin 5A Mains Relay, stock No.
YX98G. If an alternative relay is used it
may prove necessary to connect it to the
logic board by means of suitably rated
flying leads. The coil resistance should
be about 100 ohms minimum.

The 9 to 12V reed relay RLB used in the
prototype was the Maplin FX51 F. An

alternative is the Electrovalue encap-
sulated relay type LPS12, but this is not
pin -compatible.

Only one of the secondary windings of
the mains transformer are used, but a
transformer with a single secondary.
winding could be substituted here.
Although the twin winding version is
rated at 9V 500mA, it is quite in order to
use a mains transformer with the second-
ary rated at 9V 250m A.

It should be pointed out that the twin
secondary winding version seems to be
a more popular item amongst our ad-
vertisers.

The mains transient suppressor, Z250D,
and the contact suppressor are available
from Maplin and should be ordered as:
H W13P (Mains Trans Supp) and YR9OX
(R -C Network).

The R -C or "snubber" network X1
consists of a resistor and capacitor con-
nected in series across the relay contacts
and is used as a contact interference
suppressor, when switching reactive
loads, for RL A1.

The mains transient suppressor R V1
is used to dissipate any "spikes" on the
power supply line when the peak level of
the mains is exceeded.

The suppressor components are not
absolutely necessary but, particularly in
view of the mains supply variations and
fluctuations in some areas, it is probably
wise to adhere to the design.

5 Volt Regulated Supply
The components list for the 5 Volt

Regulated Supply calls for a LM341P5 5V
regulator. Any 5V 500mA positive regu-
lator may be used here, but check that the
pinning details are the same. The 78M05
regulator seems to be more readily
available from advertisers.

The transformer used in this power
supply can be practically any type rated
at 240V primary and 9V 500mA secondary.

The final choice and size of case will be
determined by the physical size of the
mains transformer used.

Car Indicator Alarm
The relay for the Car Indicator Alarm

can be any 185 ohm coil type with at least
one set of normally closed contacts. In
fact, any relay with a coil resistance down
to about 110 ohms, with suitable contacts,
may be used.

Electronic V/I Meter
A suitable meter for the Electronic V/I

Meter is available from Ambit, Electro-
value, Greenweld or Magenta Electronics.

Extra Ram
The 6116, 2K x 8 .bit RAM, called for in

the Extra Ram for the Sinclair ZX81 project
should be readily available from most
semiconductor suppliers, but in case of
difficulty it is listed by Ambit and Crickle-
wood Electronics.

This article is a modification to the 2K
Ram Pack published in our April 1982
issue. The printed circuit board for the
original design is available from Proto
Design, Dept EE, 14 Downham Road,
Ramsden Heath, Billericay, Essex CM11
1 PU, price £2.21 (including VAT and p/p).

Velocity Measurer
The ultrasonic transducers for the

Velocity Measurer are sold in pairs and we
suggest readers purchase the type
terminated with pins rather than phono
sockets.
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Who but the people who made the micro possible
could help you understand it?

The Texas Instruments
Electronic Library.
An in-depth series in understanding today's world of electronics.

The Understanding Electronics Series was specially
developed and written to give you an in-depth knowledge of this
world.

Each book is comprehensive, yet easy to understand. As
informative for the electronics buff as for someone who's simply
interested in what's going on today.

Together the library will give you the most complete range
of titles available. Take advantage of our introductory offer
and choose the book, or books you want from the titles below.
You'll find whole new worlds of advanced technology unfolding
before you.

Everything you've always wanted to know about:
L Understanding Electronic Control of Energy Systems.
1st edition. Ref. LCB 6642. Covers motor, generator, power distribution,
heating, air conditioning, internal combustion engine, solar and nuclear
systems. Softbound 272 pages. £3.95.

2. Understanding Electronic Security Systems.
1st edition. Ref. LCB 7201. A complete guide covering the basics of hard
wired, photosensitive, infrared, ultrasonic and microwave systems and their
use in different applications. Softbound 128 pages. £3.95.

3. Understanding Solid State Electronics.
3rd edition. Ref. LCC 3361. The principles of solid state theory. It explains
electrical movement, with intermediate tuition on the applications of solid
state devices. Softbound 282 pages. £3.95.

4. Understanding Digital Electronics. 1st edition. Ref. LCB 3311.
Describes digital electronics in easy -to -follow stages. It covers the
main families of digital integrated circuits and data processing systems.
Softbound 260 pages. £3.95.

5. Understanding Microprocessors. 1st edition. Ref. LCB 4023.
An in-depth look at the magic of the solid state chip. What they are, what
they do. Applications of 8 -bit and 16 -bit microprocessors; and design
from idea to hardware. Softbound 288 pages. £3.95.

WATER riF SERVOM
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CON VIA444444,

Al AT A
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6. Understanding Computer Science. 1st edition. Ref. LCB 5471.
This book tells you in everyday English how today's computer has
been developed, what goes on inside it, and how you tell it what to do.
Softbound 278 pages. £3.95.

7. Understanding Communications Systems.
1st edition. Ref. LCB 4521. An overview of all types of electronic communi-
cations systems. Softbound 282 pages. £3.95.

8. Understanding Calculator Maths. 1st edition. Ref. LCB 3321.
Brings together the basic information - formulae, facts, and mathematical
tools -you need to "unlock" the real power of the hand-held calculator.
Softbound 230 pages. £3.95.

9. Understanding Optronks. 1st edition. Ref. LCB 5472.
Optronics is the application of light and electronics to perform a wide
range of useful tasks. From car headlights to missile guidance systems.
Softbound 270 pages. £3.95.

10. Understanding Automotive Electronics.
1st edition. Ref. LCB 5771. Learn how electronics is being applied to
automobiles. How the basic mechanical, electrical and electronic functions
and the new microprocessors and microcomputers are being applied in
innovative ways for vehicle drive train control, motion control and
instrumentation. Softbound 288 pages. £3.95.

How to order
Fill in the coupon below or if someone else has already used it, simply:
1. List reference numbers and quantities required.
2. Calculate total order value. Add £1.50 for postage and packing.
3. Send the list, plus your cheque payable to Texas Instruments Ltd,
PO Box 50, Market Harborough, Leicestershire.
Allow 30 days for delivery.

TEXAS
NSTRUMENTS

,r7.7

FTC): Texas Instruments Limited, PO Box 50, Market Harborough, Leics.
Please send me the following publications:

REFERENCE NO. QTY REFERENCE NO. QTY

I. 7.

2. 8.

3. 9.

4. 10.

5.

6.

Free title choice: Understanding

I enclose a cheque for £

Name

Company (if any)

Address

Registered office: Texas Instruments Ltd, Manton Lane, Bedford MK41 7PA.
Registered number: 574102 England. EE1

827



ELECTROMIG
VOLUME 11 INDEX

JANUARY 1982 TO DECEMBER 1982
Pages Issue Pages Issue

1-72 January 433-496 July
73-144 February 497-552 August

145-216 March 553-616 September
217-288 April 617-688 October
289-360 May 689-760 November
361-432 June 761-840 December

CONSTRUCTIONAL PROJECTS

ALARM, CAR INDICATOR
ALARM, CAR OVERHEATING
ALARM, SIREN MODULE
ALERT, LIGHTS ON
AMPLIFIER, PA 316, 396, 456,
AUTOMATIC GARAGE DOOR by P. Horsey 12,

BATTERY CHARGER, CB
BEAT THE RELAY by S. Dunn
BEDSIDE NIGHTLIGHT
BIG NINE INDICATOR by F. G. Royer

782
92
46

662
538
112

568
736
376
338

EFFECTS UNIT, SOUND SPLITTER
EFFECTS UNIT, V.C.O.
EGG TIMER by M. P. Horsey
EGG TIMER, MINI
ELECTRONIC PITCH PIPE by J. Hickman
ELECTRONIC V/1 METER by D. J. Edwards
EXPANSION SYSTEM, ZX
EXTRA RAM FOR THE SINCLAIR ZX81 by K. Depledge

G3 PAN

FLASHGUN TRIGGER

560
257
406

44
448
812
636

772

156
BRAKE LIGHT RELAY by T. R. de Vaux-Balbirnie 470 FRAME COUNTER, CINE INTERCAL TIMER AND 122, 136

FREQUENCY METER, CAPACITANCE/ 228
CALENDAR, MONTHLY PLANNER 581
CAMERA OR FLASHGUN TRIGGER by R. A. Penfold 156 GAME, BEAT THE RELAY 736
CAPACITANCE/FREQUENCY METER by A. P. Donleavy 228 GARAGE DOOR, AUTOMATIC 12, 112
CAR ICE WARNING 178 GARAGE DOOR MECHANISM by J. Hart 336
CAR INDICATOR ALARM by A. Robson 782 GENERAL PURPOSE PREAMPLIFIER by R. A. Penfold 632
CAR LAP COUNTER AND JUDGE 442 GENERATOR, SINE WAVE 628
CAR L.E.D. VOLTMETER by I. Hickman 306 GUITAR TUNER by A. P. Donleavy 174
CAR LIGHTS ON ALERT 662
CAR OVERHEATING ALARM by T. R. de Vaux-Balbirnie 92 HORN, TWO-TONE TRAIN 300
CAR POWER SUPPLY 260 HOUSE REGISTER by P. Barber 194
CAR PROBE by L. A. Privett 184
CAR SCREEN WASHER DELAY 576 ICE WARNING FOR CARS 178
CAR SEAT BELT REMINDER 338 IN -CAR P.S.U. by R. A. Winstanley 260
CB BATTERY CHARGER by A. Flind 568 INDICATOR ALARM, CAR 782
CB POWER SUPPLY by R. A. Penfold 372 INFRA -RED CAMERA OR FLASHGUN TRIGGER 156
CB ROGER BLEEPER by R. A. Penfold 508 INSTRUMENT PREAMPLIFIER by D. J. Edwards 536
CHESS BUZZER, LIGHTNING 330 INTERCOM, TWO-WAY 464
CINE INTERVAL TIMER & FRAME COUNTER

by L. A. Privett 122, 163
INTERFACE FOR THE TRS-80, TEMPERATURE
INTERVAL TIMER & FRAME COUNTER

504, 599
122

COMBINATION LOCK by C. Muten 700
COMPARATOR VOLTMETER by N. P. Naughton 481 KEYBOARD SOUNDER by V. Terrell 409
CONTINUITY TESTER by J. Moulder 604
COUNTER, MODEL CAR LAP 442 LAP COUNTER AND JUDGE, MODEL CAR 442

L.E.D. CAR VOLTMETER 306
DIGITAL FREQUENCY/CAPACITANCE METER 228 LIGHT ACTUATED SWITCH by R. A. Penfold 264
DIGITAL METRONOME by S. Ibbs 713 LIGHTNING CHESS BUZZER by S. R. Dando 330
DIGITAL OPTICAL TACHOMETER 648 LIGHT, SECURITY VARI- 775
DOOR, AUTOMATIC GARAGE 12, 112 LIGHTS ON ALERT by T. R. de Vaux-Balbirnie 662
DOORBELL, TWO-TONE 517 LOCK, COMBINATION 700
DOOR, GARAGE, MECHANISM 336 LOCK, MAGNETIC 178
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MAGNETIC LOCK by R. A. Penfold 244 SANDGLASS, TIMER 706
MEASURER, VELOCITY 796 SCREEN WASHER DELAY by G. L. Stoneman 576
MEMORY EXPANSION, ZX8I 2K RAM PACK 234, 380 SECURITY VARI-LIGHT by A. R. Winstanley 775
METER, CAPACITANCE/FREQUENCY 228 SEAT BELT REMINDER by T. R. de Vaux-Balbirnie 388
METER, ELECTRONIC V/I
METRONOME, DIGITAL
MINI EGG TIMER by D. G. Clarke

812
713

44

SIMPLE STABILISED POWER SUPPLY by F. G. Royer
SIMPLE SW RADIO by A. Sproxton
SINE WAVE GENERATOR by R. A. Penfold
SIREN MODULE by A. R. Winstanley

31

665
628

46
MODEL CAR LAP COUNTER AND JUDGE SOUND EFFECTS UNIT, V.C.O. 257

by A. P. Donleavy 442 SOUND SPLITTER by J. D. Rogers 560
MODEL TRAIN CHUFFER by R. A. Penfold 18 STABILISED POWER SUPPLY, SIMPLE 31
MONTHLY PLANNER by A. P. Donleavy 581 STEREO RECORD PLAYER by V. Terrell 84
MULTIMETER PREAMPLIFIER 536 SWITCH, LIGHT ACTUATED 264
M.W. RADIO by F. G. Royer 102 TACHOMETER, OPTICAL 648

NiCAD BATTERY CHARGER 568
TAPE CONTROLLER by V. Terrell
TEMPERATURE INTERFACE FOR THE TRS-80

704

NIGHTLIGHT by C. Lore 376 by 0. N. Bishop 504, 599

OPTICAL TACHOMETER by P. Leah 648
TESTER, CONTINUITY
TESTER, REFLEX

604
484

OSCILLOSCOPE COMPANION by S. Rainey 723 TIMER, EGG 406
TIMER, FRAME COUNTER & CINE INTERVAL 122

PHOTO FINISH by A. P. Donleavy 734 TIMER, MINI EGG 44
PITCH PIPE, ELECTRONIC 448 TIMER, POCKET 162
POCKET TIMER 162 TRAIN CHUFFER, MODEL 18

POWER SUPPLY, CB 372 TRAIN HORN, TWO-TONE 300
POWER SUPPLY, IN -CAR 260 TUNER, GUITAR 174

POWER SUPPLY, SIMPLE STABILISED
POWER SUPPLY, 5 VOLT REGULATED
PRE -AMP, INSTRUMENT

31

815
536

TUNING AID
TWO-TONE DOORBELL by W. English
TWO-TONE TRAIN HORN by R. A. Penfold
TWO-WAY INTERCOM by E. M. Terrell

448
517
300
464

PREAMPLIFIER, GENERAL PURPOSE 632
PROBE, CAR 184 V.C.O. SOUND EFFECT UNIT by D. Butler 257
PUBLIC ADDRESS SYSTEM by E. A. Rule 316, 396, 456, 538 VELOCITY MEASURER by B. Dhanda, M. Finnemore,

M. Stollery 796

QUIZMASTER by C. J. Bowes 524 V/I METER, ELECTRONIC 812
VOLTMETER, CAR L.E.D. 306

RADIO, M.W. 102 VOLTMETER COMPARATOR 481

RADIO, SIMPLE SW 665 WASHER DELAY, SCREEN 576
RAM PACK MODIFICATION 772
RANDOM NUMBER SELECTOR 338 TRS-80 TEMPERATURE INTERFACE 504,599
RECORD PLAYER, STEREO 84 ZX EXPANSION SYSTEM by M. Lysejko and A. Hudson 636

REFLEX TESTER by D. J. Edwards
REGISTER HOUSE

484
194

ZX8I , EXTRA RAM FOR
ZX8I KEYBOARD SOUNDER
ZX8I TAPE CONTROLLER

772
409
704REGULATED POWER SUPPLY, 5 VOLT 815 2K RAM PACK by V. Terrell 234, 380

RELAY, BRAKE LIGHT 470 5 VOLT REGULATED POWER SUPPLY by F. G. Royer 815
ROGER BLEEPER, CB 508 6V, 7-5V or 9V Switched P.S.U. 260

GENERAL FEATURES
AUTOMOTIVE ELECTRONICS by J. B. Dance M.Sc. 790

BOOK REVIEWS 172, 309, 325, 670

BRIGHT IDEAS 51, 269, 337, 341, 375, 519, 774
Balancing Amplifier Channels 51
Capacitor Measurement 269
Cheap Aerial Insulator 51

Coil Winder Counter 341
Component Socket 341
I.C. Removal Tool 519
Matrix Board Jig 375
Screw Terminal 337
Switches for Slider Pots 51

Panel lamp covers 774

CITIZENS' BAND RADIO IN THE UK by G. Baskerville 188

CONSUMER ELECTRONICS SHOW by Barry Fox 588

COUNTER INTELLIGENCE by Paul Young 33, 94, 172, 269,
315, 387, 450, 534, 570, 655, 707, 781

DOW N TO EARTH by George Hylton 268, 340

EDITORIAL 11, 83, 155, 227, 299, 371, 441, 503, 559, 627, 679, 771

ELECTROPLATING by R. M. Henderson 50

EVERYDAY NEWS 38, 110, 182, 254, 326, 404, 468, 520, 577,
590, 658, 732, 806

EXAMINATION PROJECTS by C. Bowes 746, 818

FORMING AN ELECTRONICS CLUB by T. R. de Vaux-Balbirnie
249

FREE TRANSISTORS 631

JACK PLUG & FAMILY by Doug Baker 21, 91, 171, 237, 304,
408, 466, 507, 566, 635, 703, 774

NEW PRODUCTS 54, 129, 200, 273, 345, 417, 478, 541
PHOTON ICS by Barry Fox 392

PLEASE TAKE NOTE
Cine Interval Timer & Frame Counter
Circuit Exchange -Invader Landing Game
Combination lock
Public Address System
Invader Landing Game
Sound Splitter
0-I2V Power Supply with Overhead Alarm
2K Ram Pack

163, 380, 577, 788
163
577
788
788
577
788
380
380

PRESTEL by C. Stringer G3RSK 660
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RADIO WORLD by Pat Hawker G3VA 42, 121, 186, 256, 328,
403, 467, 545, 580, 656, 745, 822

F.M. or SSB, CB Licences, Bass Pounders 42
News Gathering, Slow -Scan TV, Satellite TV,

Post -War Contacts 121

Gas Radio, Rechargeable Batteries, Picture Quality 186
Empire Broadcasting, Amateur Satellites 256
Radio Regulations, Dutch Pirates, Broadcast Links 328
Licensing Radio Amateurs, Shades of New Technology 403
Museum Pieces, American A.M. 467
Home Entertainment, Satellite Broadcasting,

Austrialian UHF CB 545
A Better Picture, The Sting 580
Made in Britain? TV Across Frontiers 656
Legal Maze, Wadley Loop, Getting a Licence 745
Racalex 82, Top Speed 822

A.C. MAINS EXPLAINED by A. Kenyon
1: Alternating currents and voltages
2: Earthing the neutral; Metering electricity
3: Phase relationships; Power factor
4: Three phase power; A.C. Motors

READERS LETTERS 106, 267, 380, 589, 738

SCHOOLS COMPETITION 35, 592, 647, 721, 811

SEMICONDUCTOR NEWS 53

SHOPTALK by Dave Barrington 30, 95, 171, 233, 305, 381, 455,
523, 567, 635, 722, 826

SOUND EIGHTY-TWO

SPECIAL REPORT
Soar Digital Frequency Counter

VOYAGER 2 ENCOUNTERS SATURN by J. B. Dance

WALES 4CYMRU

SPECIAL SERIES
474,532,596,668

474
532
596
668

CIRCUIT EXCHANGE 58, 130, 201, 274, 346, 418, 488, 543, 673
AM /FM Varicap Radio
Audible Heads or Rails
Burglar Alarm
Chaser Light
Coin Flip
Continuity and Polarity Tester
Cycle Lamp Back-up Circuit
Dark room Timer
Digital Die
Elect ronic Chickens
Electronic Die
Elect ronic Metronome
High Voltage Pulser
I.C. Invader Landing Game
Light Operated Curtains
Microprocessor Controlled Music Boxes
Mini Organ
Ph one Bell Repeater
Si mple Sound Generator
Si ren
Touch Alarm
Two -Second -Rule Timer

DOWN TO EARTH by George Hylton
Designing A Simple A.M. Radio
Positive Feedback

58
274
488
673
130
418
418
130
58

130
488
274
201
543

58
130
201
673
488
346
543
274

268, 340
268
340

FOR YOUR ENTERTAINMENT by Barry Fox 34, 107, 270, 324,
413, 447, 522, 578, 646, 742, 820

Changes at the Post Office, Phone-in 34
Post Office to British Telecom, Call for Amnesty 107
Visit to a Japanese Semiconductor Factory 270
Learning Morse, Ceefax 324
Question of Time, Evoluon Museum 413
Cable Shock, Music for Pleasure 447
Telecom Technology Showcase, Outrageous One 522
Advertorial, The Microcomputer Boom 820
Resistance to Space, Domestic Facsimiles, Car Statics 578
Liberalisation of the Telephones, Protected Network 646
Cable Options, The Wharfdale Story 742

VEROBOARD (Stripboard)
SEMICONDUCTOR DATA (Supplement)

IN MY CLASS by T. R. de Vaux-Balbirnie
Connecting wire

INTRODUCING ELECTRONICS by G. Hylton
1: From Electrons to Electronics
2: Enter Capacitance
3: Coils and Inductance

332

334

40

335

57

642, 708
642
708
784

INTRODUCTION TO LOGIC by J. Crowther 36, 108, 180, 252
9: Boolean Identities 36

10: Truth Tables, Applications of Logic Techniques 108
II: Other gate functions from NAND and NOR 180
12: Flip-flop circuits 252

SQUARE ONE 52, 126, 198, 272, 342, 414, 476, 535, 607, 674, 825
Transistor Data and Outlines 52
Transformers 126
Using Stripboard 198
Switches 272
Equipment Wire 342
Resistors 414
Tools 476
Dry Cell Battery Data 535
Ohm's Law 607
Circuit Symbols and Abbreviations 674
The Potentiometer and Variable Resistor 825

TEACH -IN 82 by 0. N. Bishop

4: Switching Circuit
5: Bipolar Transistors
6: Capacitors and Pulse Generators
7: Amplifiers and Amplifier Module
8: Optoelectronics
9: Frequency Response
10: Oscillators
11: Power Supplies
12: Computing Circuits

22,96, 164,238,310,382,451
512,571

22
96

164
238
310
382
451
512
571

THE ELECTRONICS OF INFORMATION TECHNOLOGY
by T. E. lvall 718

I: Fundamental Concepts 718
2: Energy Converters; analogue to digital 808

SPECIAL INSERTS AND OFFERS
March 1982

May 1982

TRANSISTORS (Cover Mounted)

MULTIMETER (Special Offer)
October 1982

December 1982
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!Rapid
Electronics

MAIL ORDERS:
Unit 3, Hill Farm Industrial Estate,
Boxted, Colchester, Essex C04 5RD.
TELEPHONE ORDERS:
Colchester (0206) 36412.

lalt1=EI
PISA

ACCESS AND
BARCLAYCARD

WELCOME

2114L-2 75
2716 205
2532 340

BEST 2732 340

PRICES 4116 P20 70
4611614663150nS 365

ANYWHERE! 440

MICRO
280A CPU 290 81 LS96 85
2800 P10 260 81LS97 85
2800 CTC 260 1488 55
2800 510 900 1489 55
Z800 BMA 1150 Epson Printers and D
Z80A DART 500 Connectors now avail -
81L695 85 able at low low prices.

CMOS

4000
4001
4002
4006
4007
4008
4009
4010
4011
4012
4013
4014
4015

4016
4017
4018

10 4019
10 4020
12 4021
50 4022
14 4023
36 4024
24 4025
24 4026
11 4027
15 4028
20 4029
45 4030
40 4031

20 4034
30 4036
45 4039
25 4040
42 4041
40 4042
45 4043
16 4044
33 4046
16 4047
75 4048
20 4049
40 4050
45 4051
14 4052

125 4053

140 4054 78 4081
249 4055 80 4082
280 4059 430 4085
40 4060 42 4086
40 4063 80 4089
38 4066 22 4093
40 4067 225 4094
40 4068 14 4095
50 4069 13 4097
45 4070 13 4098
38 4071 13 4099
21 4072 13 40106
21 4073 13 40109
42 4075 13 40163
48 4076 45 40173
48 4077 14 40175

SPECIAL OFFERS

TIC206D 4A 400V
Trmc 40
TL084 60
3mm red LED 6
7805 30
Offer ends 31 /12 82

12 40193 65 4528 50
12 4502 60 4529 150
48 4503 32 4532 60
50 4507 35 4534 400

125 4508 125 4538 110
18 4510 45 4543 70
68 4511 45 4549 360
65 4512 50 4553 245

290 4514 120 4555 35
70 4515 120 4556 35
70 4516 55 4559 390
40 4518 40 4560 175

110 4520 50 4584 40
60 4521 130 4585 60

100 4526 60 4724 140
75 4527 50

LS TTL

LSOO
LSO1
LSO2
LS03
LSO4
LSO5
LSO8
LSO9
LS10
LS11
LS12
L513
LS14
LS15

11

11

11
12
12
12
12
12
12
12
12
19
30
12

LS20
LS21
LS22
LS26
LS27
LS30
LS32
LS37
LS38
LS40
LS42
L647
LS48
LS51
LS55
LS73
LS74

12
12
12
14
12
12
13
14
15
13
28
35
45
14
14
18
17

LS75
LS76
LS78
LS83
LS85
LS86
LS90
LS92
LS93
LS95
LS96
LS107
L5109
LS112
LS113
L S114
LS122

20 L6123
17 LS125
17 LS126
35 LS132
48 LS136
16 LS138
24 LS139
25 LS145
24 LS147
38 LS148
95 LS151
40 LS153
21 15154
21 LS155
21 LS156
22 LS157
35 LS158

34 LS160
24 LS161
25 LS162
35 15163
26 LS164
30 LS165
30 LS166
70 LS170

150 LS173
75 LS174
38 LS175
38 LS190
75 LS191
33 LS192
36 15193
26 LS195
29 LS196

35 L6197 45 1.6353
35 LS221 50 LS365
35 LS240 60 LS366
35 LS241 60 L5367
40 LS242 55 LS368
55 LS243 55 LS373
60 LS244 55 LS374
75 LS245 70 LS375
60 LS247 48 LS377
45 LS251 28 LS378
45 LS257 32 LS390
35 LS258 32 LS393
35 LS259 55 LS399
35 LS266 20 LS541
36 LS273 58 LS670
32 LS279 30
45 LS283 38

60
28
28
28
29
60
60
43
60
57
45
45

156
78

135

CAPACITORS

Polyester, radial leads. 250v. C280
type: 0.01, 0.015, 0.022, 0.033 -
65; 0.047, 0.068, 0.1 - 7p; 0.15,
0.22 9p; 0.33, 0.47 - 13p; 0.68 -
Z011; lu - 23p.
Electrolytic, radial or axial leads:
0.47/63V, 1/63V, 2.2/63V,4.7/63V,
10/25V - 7p; 22/25V, 47/25V - 8p;
100/25V - 9p; 220/25V - 14p;
470/25V 22p; 1000/25V -30p;
2200/25V - 505.
Tag end power supply electrolytics:
2200/40V- 110p; 4700/40V -1605
2200/63V - 140p; 4700/63V - 230p
Polyester, miniature Siemens PCB:
1n, 2n2,3n3,4n7,6n8, 10n, 15n, 7p;
22n, 33n, 47n, 68n, 8p; 100n, 90;
150n, 1114;220n,13p;330n, 20P;
470n 26p; 680n, 298; lu 33p; 2u2,
500
Tantalum bead:
0.1, 0.22, 0.33, 0.47, 1.0@ 35V -
12p. 2.2, 4.7, 10 @ 25V - 20p;
15/16V - 30p; 22/16V . 27p; 33/
16V - 45p; 47/6V - 27p; 47/16V -
70p; 68/6V -40p; 100/10V - 9011.
Cer. disc. 22p -0.01u 50V, 3p each.
Mullard miniature ceramic plate:
1.8pF to 100pF 6p each.
Polystyrene, 5% tol: 10p1000p, 6p;
15004700,85;6800 0.0120, 105.
Trimmers. Mallard 808 series: 2-10
pF, 225; 2-22pF, 30p; 5.565pF, 35p

POTENTIOMETERS

Rotary. Carbon track Log or Lin
1K - 2M2. Single 32p. Stereo 858.
Single switched 80p. Slide 60rnin
travel single Log or Lin 5K - 500K
63p each.
Preset submin. hor. 100 ohms -1 M
7p each.
Cermet precision multiturn. 0.75W
bi" 100 ohms to 100K - 88p each.

REGULATORS

78105 30 79L05 65
78112 30 79L12 65
76L15 30 79115 65
7805 35 7905 40
7812 35 7912 40
7815 35 7915 40

LM309K 130 LM723 35
LM317K 270 LM338K 475
LM317T 120 713h105 5A
LM323K 350 10 5V . 550

TOOLS

Small trimming tool . 22
Small pocket screwdriver 16
Large pocket screwdriver 13
6 piece precision screwdriver set
in plastic case 170
Low cost side cutters
High quality side cutters
Low cost pliers . .

High quality pliers
Wire strippers
Expo reliant drill
Expo Titan drill . .

Drill stand . .

Reduced shank drill bits for
above 0.8mm,

160
650
160
650
120
695

1025
1200

60

El 7413
7414
7416

7400 11 7417
7401 11 7420

7421
7422
7427
7426
7430
7432
7433
7437
7438
7440
7442

7402
7403
7404
7405
7406
7407
7408
7409
7410
7411
7412

11
12
12
14
19
19
13
13
13
15
17

17 7444
23 7446
19 7447
19 7448
14 7450
19 7451
19 7453
18 7454
25 7460
13 7472
20 7473
20 7474
23 7475
24 7476
14 7480
30 7482

85 7483
58 7485
36 7486
43 7489
14 7490
14 7491
14 7492
14 7493
14 7494
22 7495
24 7496
19 7497
26 74100
25 74107
45 74109
65 74121

30 74122
60 74123
19 74125

180 74126
19 74132
34 74141
24 74145
24 74147
33 74148
33 741 50
38 74153
86 74154
78 74155
22 74156
24 74157
24 74160

38
38
33
33
30
54
48
75
60
48
38
47
36
36
28
55

74161
74162
74163
74164
74165
74167
741 70
74173
74174
74175
74176
74177
74179
74180
74181
74182

46 74190 40
46 74191 40
46 74192 40
46 74193 40
46 74194 40

150 74195 40
115 74196 40

58 74197 40
53 74198 80
45 74199 80
35
42
75
38

100
55

RESISTORS

OW 5% Carbon film E12 series 4.7
ohm - 1M. . . Ip each.
OW 5% Carbon film E12 series 4.7
ohm to 4M7 . . . 2p each.
Y.IN 1% metal film E24 series 10
ohm - 1M . . . 65 each.

SOLDERING IRONS
Antes CS 17W Soldering iron 460
2.3 and 4.7mm bits to suit . 65
CS 17W element . . . 450
Antes XS 25W . . . . 480
3.3 and 4.7mm bits to suit . 65
Solder pump desoidering tool. 480
Spare nozzle for above . . 70
10 metres 22swg solder . 100

PCB MATERIALS
Alfat transfer sheets - please state
type (e.g. DIL pads etc.) . 45
Dalo etch resist pen . . . 100
Fibre glass board 3.75"x8" BO

Ferric chloride 250m1 bottle. 100

OPTO

1103mm red 7 105rnm red 8
1.3rnrn green 12 1105mm green 12
Is3rnm yellow12 5min yellow12
Clips to suit - 3p each.
Rectangular T1L32 40
0 red 12- T1L78 40
green 17 110TIL111 60
yellow 17 ORP12 85
leT1L38 40 TIL100 90

' 245777 45 Dual colour 60
Seven segment displays:
Corn cathode Corn anode
DL704 0.3" 95 DL707 0.3" 95
10-F40500 F4D507
0.5" 100 0.5" 100
TI1313 0.3"115 TIL3120.3"115
TIL3220.5"115 711321 0.5"115
LCD: 3% digit 580p. 4 digit 6205.

400V BA
400V 16A

400V 4A 50 BR100

TRIACS 65
95
25

LINEAR

555CMOS 80
556CMOS 150
709 25
5741 14
748 35
9400CJ 350
AY.3-1270 720
AY -3-8910 370
AY.3.8912 625
CA3046 60
P CA3080 65
CA3089 215
CA3090AQ 375
CA3130E 85
0.CA3140E 36
CA3161E 100
CA3189 290
P CA3240E 110

CL7106 700
CL7611 95
CL7621 180
CL7622 180
CL8038 295
CL8211A 200
CA/0224 785
CM7555 80
110LF351 45
LF353 85
LF356 90
LMIO 360
LM301A 25
LM311 70
LM318 120
LM324 40
LM334Z 100
LM335Z 125

LM339
LM348
LM358
LM377
0LM380
10LM381
LM382
LM384
LM386
LM387
LM393
LM709
LM711
LM725
LM733
LM741
LM747
LM1458
LM2917
LM3900
1.LM3909

45 LM3911 120
60 LM3914 175
50 LM3915 195

170 LM13600 105
65 MC1496 68

120 MC3340 135
120 100,4F10C4 350
130 ML922 400
65 ML924 195

120 ML925 210
100 ML926 140
25 ML927 140
60 ML928 140

350 ML929 140
75 MM5387A 465
14 NE529 225
80 NE531 150
40 NE544 205

200 NE555 16
45 0,4E556 45
70 NE565 110

NE566 140
NE567 100
0.4E570 370
NE571 370
0.11C4136 55
10RC4558 60
SL480 170
SL490 250
5176018 150
6476477 380
SP8629 260
TBA120S 70
TBA800 75
TBA810 96
TBA820 70
TBA950 220
TDA1008 320
10TDA1022 490
TDA1024 125
TL061 40
TL062 60

TL064 96
TL071 30
TL072 50
TL074 95
110TL081 25
TL082 45
TL084 95
TL170 50
1(02240 120
ULN2003 85
UL42004 90
XR2206 290
24414 100
05423 135
ZN424 135
24425E 350
ZN426E 330
24427E 650
ZN428E 480
ZN459 285
Z41034E 200

SOCKETS

8 pal
14 pin
16 pin
18 pin
20 pin
22 pin
24 pin

Low
profile
6p
8P
9p
12p
13p
168
18p

28 Pin 255
40 pin 25p
Soldercon pins 60P/100

SWITCHES

Wire
wrap
25p
35p
42p
52p
60p
70p
70p
80p
985

COMPONENT KITS

An ideal opportunity for the beginner or the experienced constructor
to obtain a wide range of components at greatly reduced prices. OW 5%
Resistor kit. Contains 10 of each value from 4.7 ohms to 1M (total
of 650 resistors( . . . . . . . . . . . . . 480
Ceramic Cap. kit. 5 of each value - 22p to 0.01u (135 caps) . 370
Polyester Cap. kit. 5 of each value from 0.01 to luF 165 caps) . 575
Preset kit. Contains 5 of each value from 100 ohms to 1M (total
65 preset, .

Nut and Bolt kit (total 300 items): 1805
25 6BA '4" bolts 50680 washers 50680 nuts
25 6BA 11" bolts 25 480 '/a" bolts 50 6BA washers
50 6BA nuts 25 6BA 35" bolts

425

Submin toggle:
SPST 55p. SPDT 60p. DPDT 655.
Miniature toggle:
SPDT 805. SPDT centre off 905.
DPOT 90p. DPDT centre off 100p.
Standard toggle:
SPOT 35p. DPDT485
Miniature DPDT slide 125.
Push to make 12p.
Push to break 22p.
Rotary Pipe adjustable stop.
1P12W, 2P6W, 3P4W all 55p each.
DIL switches:
4SPST 80p 6 SPST 80p. 8SPST
100p.

TRANSFORMERS Please add carriage charges
to our normal post charges.

Miniature mains:
606V, 909V, 12012V all @ 100mA 100p each.
PCB mounting. Miniature:
3VA 06, 0-6 @ 0.25A; 06, 0-9 @ 0.15A; 012,0-12 @ 0.12A 200p each.
6VA 0-6, 0-6 @ 0.50; 0 9, 0-9 @ 0.3A; 0-12, 0.12 @ 0.25A 270p each.
High quality. Split bobbin construction
6VA 0-6, 0 6 @ 0.5A; 0.9, 0-9 @ 0.4A; 0-12, 0-12V @ 0.30 2205 each.
12 VA 06, 06 @ 1/14: 0-9, 0-9 @ 0.8A, 0-12, 012 @ 0.5411; 0-15, 0-15
@ 0.4A 295p (plus 40p carriage).
25VA 06, 0-6 @ 1.5A; 0-9, 0-9 6 1.20; 0-12, 0-12 @IA; 0 15, 0-15 @
0.8A 3308 each (plus 60p carriage)
50VA 0-12, 0-12 @ 2A, 0-15, 0 15 @ 1.5A. 440p each (plus 765 Carnage)

HARDWARE

TRANSISTORS

AC125 35
AC126 25
AC127 25
P AC1213 20
AC176 25
AC187 22
AC188 22
AD142 120

AD161
AD162
AF124
AF126
AF139
AF186
AF239
BC107
BC1076
PBC108
BC1088
BC108C
106C109
BC109C
BC114
BC115
BC117
BC119
80137
BC139
BCI40
BC141
BC142
BC143
BCI47
BC148

BC149
BC157
BC158
BC159
BC160
BC168C
8C169C
BC170
BC171

40 BC172
40 BC177 18
60 BC178 18
50 BC179 18
40 BC182 10
70 10BC182L 8
75 BC183 10
10 BC183L 10
12 BMA 10
9 BC184L 7

12 8C212 10
12 BC212L 10
9 BC213 10

12 BC213L 10
22 BC214 10
22 111.8C214L 8
22 BC237
35 BC238
40 BC308
40 BC327
30 BC328
30 BC337
25 BC338
25 BC477
8 BC478

BC479

BC517 40
8C547
8C548 10

9 BC549 10
8 BC558 10

10 BCY70 18
8 BCY71 18

45 BCY72 18
10 130115 80
10 B0f31 35

8 BD132 35
10 60133 50
8 BD135 50

BD136 30
80137 30
BD138 30
60139 35
O 130140 35
BD204 110
BD206 110
BD222 85
BF180 35
8F162 36
BF184 25
BF185 25
BF194 12
8F195 12
BF196 12

8 BF197 12
14 BF198 10

15 BF199 18
14 13F200 30
14 1.6F24413 22
14 BF245 30
14 BF 25613 45
30 BF257 32
30 BF258 25
30 BF259 35

BF337
BF R40
BFR80
1043FR81
8FX29
BFX84
BFX85
BFX86
BF X87
BFX88
BFY50
FIFY51
BFY52
BFY53
BFY55
BFY56
BRY39
130)(20
BSX29
BSY950
BU205
BU206
BU208
MJ2955
MJE340
MJE520
MJE521
MJE3055
MPF102
MPF104
MPSA05
MPSA06
MPSA12
MPSA55
MPSA56
MPSUO5
MPSUO6
MPSU55

40 MPSU56 60 ZTX108 8 2143055 50
23 TIP29A 30 ZTX109 12 2N3442 120
23 T1P2913 55 ZTX300 14 243702 6
20 TIP29C 37 ZTX301 16 2143703 9
25 TIP300 35 ZTX302 15 10243704 6
25 118308 60 ZTX304 17 2143705 9
25 TIP30C 37 ZTX341 30 2143706 9
28 TIP31A 35 ZTX500 15 243707 10
25 TIP31C 37 ZTX501 15 2N3708 10
25 TIP32A 35 ZTX502 15 2143709 10
23 TIP32C 37 ZTX503 18 2143772 190
20 TIP33A 50 ZTX504 25 10243773210
21 TIP33C 75 24697 20 1.243819 18
32 TIP34A 60 24698 40 2143820 40
32 TIP34C 85 24706A 20 2143823 65
32 TIP35A 105 2N706 20 2143866 90
40 TIP35C 125 24918 35 2143903 10
20 TIP36A 125 241132 22 2143904 10
35 TIP36C 135 241613 30 2143905 6
25 TIP41A 45 242218A 45 243906 10

160 TIP42A 45 21422190 25 2144037 45
200 TIP120 90 2422210 25 244058 10

170 TIP121 90 2422220 20 244060 10
gg TIP122 90 242368 25 2144061 10

50 TIP141 98 2N2369 16 2N4062 10
65 TIP142 98 242484 25 2N5457 36
65 TIP147 110 242646 45 2145458 36
70 TIP2955 60 242904 20 2145459 30
40 T1P3055 55 2429040 20 2N5485 36
40 TIS43 40 2N2905 22 2N5777 45
22 T1S44 45 2429050 22 2N6027 30
25 71890 30 252906 25 40360 40
30 TIS91 30 2429060 25 40361 50

30 8510KM 45 2142907 25 40362 50
30 V4460F 75 2429070 25 40408 70
55 VN66AF 85 242926 9
55 V488AF 95 102043053 23
60 ZTX107 8 2N3054 55

VERO

VEROBLOC 4 .

Size 0.1 matrix:
2.5 x 1
2.5 0 3.75
2.5 x 5
3.75 x 5
VQ board
Veropins per 100:

Single sided
Double sided
Spot face Cutter . .

Pin insertion tool .

Wiring pen and spool
Spare spool 75p Combs

350

22
75
85
95

160

50
60

105
162
310

6

PP3 battery clips . .

Red or black crocodile clips
Black pointer control knob
Pr Ultrasonic transducers
106V Electronic buzzer
1012V Electronic buzzer
0,62720 Piezo transducer
1064mm 64 ohm speaker
0.64mm 8 ohm speaker
20mm panel fuseholder

6
6

350
15

60
85
75
70
70
25

DIODES

BY127 12
0047 10
0A90 8
0091 7
0A200 8
00202 8
14914 4
0.144148 2

101144001 3
144002 5
1144006 7

1144007 7

145401 15
145404 16
145406 17
400rnWzen 6

CABLES

20 metre pack single core connect-
ing cable ten different taloa rs.65p

Speaker cable . . I0p/rn
Standard screened . . 15p/m
Twin screened . . 24p/m
2.5A 3 core mains . . 23p/m
10 way rainbow ribbon 65p/rn
20 way rainbow ribbon 120p/m

BOXES

Plastic with
lid screws
30201" 55

Aluminium
30201" 70
40341%" 85
40302" 100

41/403x 111" 88 60402" 120
70402 160 60403" 150

SC10613 30
SCR 400V 8A 70

400V 12A 95

2A 200V 40
2A 400V 45
6A 100V 80
6A 400V95

10 50V 20 VM18 DIL 0.9A
IA 400V 35 2001/ . 50

BRIDGE
RECTIFIERS

CONNECTORS

DIN Plug Skt Jack Plug Skt
2 pin 9p 9p 2.5mm 10p 10p
3 pin 12p 10p 3.5mm 9p 9p
5 pin 13p I 1p Standard165 20p
Phono 105 125 Stereo 24p 25p
1mm 12p 135 4mm 18p 175
UHF (CB) Connectors:
PL259 Plug 405. Reducer 14p.
S0239 square chassis skt 38p.
502390 round chassis skt 40p.
IEC 3 pin 250V/6A.
Plug chassis mounting . . 39p
Socket free hanging . . . 605
Socket with 2m lead . . 120p

MULTIMETERS
HT -120 4,000 opv
A smart looking 11 range pocket
sized rnultimeter with an impressive
spec. Complete with battery, etc.
6505 each.
HT -320 20,000 OP,
Highly sensitive 18 range multi -
meter including transistor tester.
Overload protection. DC volts -
1000, AC volts - 1000; DC current
0.25A. 4 resistanceranges.Complete
with batteries, leads, etc. 13950

NEW CATALOGUE a NEW CATALOGUER!' HI I
Our latest catalogue has just been released containing
over 2000 stock lines all at extremely competitive
prices barkail by Rapid's return of post service.
Stocks include Denco coils, tools, Verocases, data
sheets etc. etc. Send 45p for your copy now (sent
free of charge with all orders over £10).

The Rapid Guarantee
* Same day despatch * Competitive prices
* Top quality components * In-depth stocks

ORDERING INFO All components brand new and full specification.
All prices exclude VAT. Please add to total order. Please add 50p carriage to all orders
under £15 in value. Send cheque/P.O. or Access/Visa number with order. Our detailed
catalogue costs 45p (free with orders over £101. Callers most welcome. Telephone orders
welcome with Access and Visa. Official orders accepted from Colleges Schools, etc. .1
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Sinclair ZX Spect
16K or 48K RAM..
full-size moving-
key keyboard...
colour and sound..
high -resolution
graphics...

From only
025!

First, there was the world-beating
Sinclair ZX80. The first personal computer
for under £100.

Then, the ZX81. With up to 16K RAM
available, and the ZX Printer. Giving more
power and more flexibility. Together,
they've sold over 500,000 so far, to make
Sinclair world leaders in personal
computing. And the ZX81 remains the
ideal low-cost introduction to computing.

Now there's the ZX Spectrum! With
up to 48K of RAM. A full-size moving -key
keyboard. Vivid colour and sound. High -
resolution graphics. And a low price that's
unrivalled.

Professional power -
personal computer price!

The ZX Spectrum incorporates all
the proven features of the ZX81. But its
new 16K BASIC ROM dramatically
increases your computing power.

You have access to a range of 8
colours for foreground, background and
border, together with a sound generator
and high -resolution graphics.

You have the facility to support
separate data files.

You have a choice of storage capa-
cities (governed by the amount of RAM).
16K of RAM (which you can uprate later
to 48K of RAM) or a massive 48K of RAM.

Yet the price of the Spectrum 16K
is an amazing £125! Even the popular
48K version costs only £175!

You may decide to begin with the
16K version. If so, you can still return it later
for an upgrade. The cost? Around £60.

RED MAGENTA GREEN CYAN

CAPS LOCK TRUE VIDEO INV. VIDEO NI

ASN

READ

Ready to use today,
easy to expand tomorrow

Your ZX Spectrum comes with a mains
adaptor and all the necessary leads to
connect to most cassette recorders
and TVs (colour or black and white).

Employing Sinclair BASIC (now used
in over 500,000 computers worldwide)
the ZX Spectrum comes complete with
two manuals which together represent a
detailed course in BASIC programming.
Whether you're a beginner or a competent
programmer, you'll find them both of im-
mense help. Depending on your computer
experience, you'll quickly be moving
into the colourful world of ZX Spectrum
professional -level computing.

There's no need to stop there. The
ZX Printer- available now- is fully
compatible with the ZX Spectrum. And
later this year there will be Microdrives for
massive amounts of extra on-line storage,
plus an RS232 /network interface board.

LINE - OPEN

TAN

\v`

CLOSE *

AND

VERIFY

SGN

L PRINT

PAPER

YELLOW

MERGE

ABS

L LIST

FLASH

OVE

STR

BRIGHT

Key features of the
Sinclair ZX Spectrum
 Full colour -8 colours each for

foreground, background and border,
plus flashing and brightness -intensity
control.

 Sound - BEEP command with variable
pitch and duration.

 Massive RAM -16K or 48K.

 Full-size moving -key keyboard- all
keys at normal typewriter pitch, with
repeat facility on each key.

 High -resolution - 256 dots
horizontally x 192 vertically, each
individually addressable for true high -
resolution graphics.

 ASCII character set -with upper- and
lower-case characters.

 Teletext -compatible -user software
can generate 40 characters per line
or other settings.

 High speed LOAD & SAVE -16K in 100
seconds via cassette, with VERIFY&
MERGE for programs and separate
data files.

 Sinclair 16K extended BASIC -
incorporating unique 'one -touch'
keyword entry, syntax check, and
report codes.
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INT CAT

CODE

X Spectrum software on
assettes -available now

The first 21 software cassettes are
)vv available directly from Sinclair.
oduced by ICL and Psion, subjects
clude games, education, and business/
)usehold management. Galactic
vasion ...Flight Simulation... Chess...
story...1nventions...VU-CALC ...VU -3D
47 programs in all. There's something
r everyone, and they all make full use
the Spectrum's colour, sound and
aphics capabilities. You'll receive a
?tailed catalogue with your Spectrum.

S232 /network
iterface board

This interface, available later this
)ar, will enable you to connect your
<Spectrum to a whole host of printers,
rminals and other computers.

The potential is enormous. And the
;tonishingly low price of only £20 is
)ssible only because the operating
'stems are already designed into the
DM.

=in=lair
inclair Research Ltd, Stanhope Road,
amberley, Surrey GU15 3PS.
?I: Camberley (0276) 685311.

The ZX Printer -
available now

Designed exclusively for use with the
Sinclair ZX range of computers, the
printer offers ZX Spectrum owners the full
ASCII character set -including lower-case
characters and high -resolution graphics.

A special feature is COPYwhich
prints out exactly what is on the whole TV
screen without the need for further
instructions. Printing speed is 50 charac-
ters per second, with 32 characters
per line and 9 lines per vertical inch.

The ZX Printer connects to the rear of
your ZX Spectrum. A roll of paper (65ft
long and 4in wide) is supplied, along with
full instructions. Further supplies of paper
are available in packs of five rolls.

The ZX Microdrive-
coming soon

The new Microdrives, designed
especially for the ZX Spectrum, are set to
change the face of personal computing.

Each Microdrive is capable of holding
up to 100K bytes using a single inter-
changeable microfloppy.

The transfer rate is 16K bytes per
second, with average access time of 3.5
seconds. And you'll be able to connect up
to 8 ZX Microdrives to your ZX Spectrum.

All the BASIC commands required for
the Microdrives are included on the
Spectrum.

A remarkable breakthrough at a
remarkable price. The Microdrives are
available later this year, for around £50.

How to order your ZX Spectrum
BY PHONE -Access, Barclaycard or

Trustcard holders can call 01-200 0200 for
personal attention 24 hours a day, every
day. BY FREEPOST -use the no -stamp
needed coupon below. You can pay by
cheque, postal order, Access,

Barclaycard or Trustcard.
EITHER WAY -please allow up to 28

days for delivery. And there's a 14 -day
money -back option, of course. We want
you to be satisfied beyond doubt -and we
have no doubt that you will be.

Ro: Sinclair Research, FREEPOST, Camberley, Surrey, GUI5 3BR. Ord; -1
TotalOty Item Code Item Price

£

Sinclair ZX Spectrum -16K RAM version 100 125.00
Sinclair ZX Spectrum -48K RAM version 101 175.00
Sinclair ZX Printer 27 59.95
Printer paper (pack of 5 rolls) 16 11.95
Postage and packing: orders under £100 28 2.95

orders over £100 29 4.95
Total £

Please tick if you require a VAT receipt'[
*1 enclose a cheque/postal order payable to Sinclair Research Ltd for £
*Please charge to my Access/Barclaycard/Trustcard account no.
*Please delete/complete
as applicable

'Signature

I I 1 1 l 1 1 1 1 1 1 1 1 1

PLEASE PRINT
'Name: Mr/Mrs/Miss

I I 1111 1111 11 11
'Address I

1 1
1 1 1 I 1 1 1111 I I 11

1 1 1 1 1 1 I 1 1 1111 1111 1 1 11
I 1 1 1 I 1 1 1 1 1 1111 1 1

EVE812A

FREEPOST -no stamp needed. Prices apply to UK only. Export prices on application.
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I

METERSlarge range of types in stock, also,robes, leads accessories etc

PANEL MOUNTING in 50. 100. 5000, 1, 6 10 50 100. 500mA, IA either
model pm._

-

T Range MU Range
x 45mm

5110111 agg 11111 gi:5mm

A
SIEMENS
LED Bar Dover UAA 180 £1.65

RESISTORS
1. I. i, 1 watt - all 2p each. 10 of one value 14.
2% mom metal film 5.1 shins- 30065p tierth, 10 of one value 40p.
5% wire wound 3W or 7W, most E12 values 1.2 ohms to 8K1 9p .. 10 for 70pN.

POTENTIOMETERS
Carbon rotary IP20/ 100 ohms -4M7 Lin 220 ohms -2M2 log, ea. 32p, w. switch 1750
Dual gang IJP20) 4K7.1M2 lin or log 950 w. swoch f 1.60.

SLIDERS
58mm. low cost 10K -1M log only 29p. Old 58rnm mono 4K7 -I M Lin or log 740,
stereo matched [1.25. Graduated bezels ea. 360.

FOR SERVICE YOU CAN TRUST
MULTIMETERS
N115811 YN 360TR DRAM DD601

New - 20KON all 20KON AC/CIC/R/ LCO 31 digit 119991
AC/DC/RESNB d13/transistor Test Push button
in 23 wiles in 21 ranges 26 ranges
130 a 88 a 370/m 145.0 96 a 45mm 170 a 80 a 38mm
f 11.20N £16.45N f32.00N

VEROBOX CASES ABS. light grey top, dark grey bottom
L H TYPE PRICE
205 140 40 21034 04.52

205 140 75 21035 15.02
205 140 110 21036 f6.54
180 120 39 21037 f4.11
180 120 65 21036 £4.40
160 120 90 21039 £4.68
155 85 39 21040 f3.31
155 85 60 21041 £3.11
155 85 80 21042 £4.30
125 65 30 21047 f2.35
125 65 39 21048 £2.91
125 65 50 21049 f3.37

0- 2 all panels

r_/1_. 11_ Jo"
---................../

- --............. /

I

PRESET
Min 10mm dia Hon: or vent. 100 ohms -1M 13p.
Preset Cermet rectilinear type 89P, 1000-1M, so. f1.06.
Preset Cermet 10mm dm Hari, or vert. 10001M 29p.
Plessey MPWT moulded carbon 47 ohms -2602 so. 5950

All orders brand
new & guaranteed

to spec.SOLDERING IRONS
Also large stoat of bits. desoldering devices. accessories etc
ANTES C-2404 f4.6011. X 25 2400 f 5 30N; CSBP £6455; XSEIP f555N;
ST4 Stand £1.70N.
ONYX 50 watt temp. controlled f13.7511; Gland f4.0051.
SOLDER 500gm/18 SWG £7.60; Desolder braid 1.5m 540.

SIEMENS 55666 Touch Dimmer I C flit orDais 30p FREE ordered with I C
CMOS SUPER SAVERS! (Prices Net, and shown in pence)
4000 10 4015 40 4027 20 4069 14
4001 4016 20 4028 39 4070 14
4002 12 4017 35 4029 45 4071 14
4006 50 4018 45 4030 111 4072 14
4007 14 4019 25 4041 14 4081 14
4008 40 4070 42 4042 40 4082 14
4009 24 4021 40 4043 40 4093 20
4010 24 4022 35 4044 40 4510 48
4011 12 4023 14 4046 46 4511 46
4012 15 4024 32 4049 23 4516 53
4013 20 4025 14 4050 23 4518 40
4014 46 4026 4060 45 4520 60

CAPACITORS
-7Z:::))POLYSTYRENE, SIEMENS

5% Tolerance. 1600
5. 7..10. 12. I5. 18, 22, 27. 33, 39pF 15p; 41, 56. 68. 82. 100. 120, 150.
100.220, 270. 330, 390. 470. 560. 680 82OpF, In. 1n?, 1n5, la 2n2.
2n7. 3n3. 3n9, 4n7 160; 5n6, 608. 8n2. 1 On 13p.

CERAMIC Very small 1.8, 2.2. 2.7 etc up to In 50 each. 1n5, 2n2, 3n3, 4n7,
6014; 10n, 12n, 4; 33n, 47n 7p: 100n Sp.

POLYESTER, SIEMENS LAYER TYPE 7 5mm lead opening 1004
In. 1n5. 2n2, 3n3 sii, 4n7, 6n8, 8n2, 10n, 12n, 15n, 18n, 22n. 27n, 33n,
39, 47n 7p; 56, 68n 7p; 82n, 100n Ilp; 120n, 150n 11p: 180n, 220n 12p;
170n, 330n, 390n. 470n 15p; 560n, 680n 24p. lOmm spacing 1pF 25p
15mm spacing 2p2 35p. 225mm spacing 1pF 400V 54p; 3.35E 100V 690.
In.depth stocks

ELECTROLYTICS
NON -polar Dor LS X oven) 50V peak 2pF 250; 4pf Hp; 6, 8. 10. 160 32p;
25pF 37p; 40, 60pF 59p; 100pF 68p.
POLARISED SIEMENS se MULLARD FOR QUALITY (IAN) 1/63. 2.2/63,
4 7/63. 68/40, 10/25. 22/10 es. 100; 10/40, 22/25, 47/10 11p; 47/25
12p. 100/10 13p, 100/25, 100/40 150: 220/10, 220/16 14; 220/25 14;
120/40 2 470/10, 470/16. 470/25. 1000/10 19p; 470/40. 1000/16 270;
1000/153; 1000/40. 2200/16 44p; 1000/63 711p; 2200/40, 4700/16 73p.

SIEMENS

 SPECIAL DISCOUNTS FOR QUANTITY BUYERS

SWITCHES - Wavechange
Type CI( - 1 P/12 way, 2P/6 W. 3P/4 W, 4P/3 W 480; Min Toggles - 57101,
SPOT 57p; 57201 DPOT 117p: 07301 3POT £1.64; 07401 4POT 02.76: 57211
1P3W f1.40; Centre off 67103 SPOT 71p: 57203 DPOT Ilk Push Button min
8531 make/8533 break 62p; 8225 DPOT f1.34.
DUAL IN LINE. ERG colour coded 0.3" a 01" format. On/011 single throw 2P
SEM 640; 4P SDS4 950; OP SODS f1.36; BP SOSElf1.117; 10P SOSO f2.10.
/ow crearD-/-1 4P DNS04 115p; BP EINS08 f1.00.

1/IARCLAYCARD

flilli
Credit card orders can be accepted via mail order or
telephone.
Giro A/c no 38/671/4002

KEYBOARD
For use with 0081 £31.30N.  CATALOGUE 82 70p

NICAD CHARGERS
For PP361C756 f4.95N: For AAC or ONC1230 f8.2014.

POST FREE INC. 70p
REFUND VOUCHER

.ee

.. y.
T.. t at 15% on total value of all UK orders.additional

FREE POSTAGE and packing on U.K. C.W.O. orders value £675 lint.VATI and
upwards Under £5 75 please add 40p firm VATI.

DISCOUNTS on C.W.O. orders over £23.00- 5%

on C.W.O.orders over f57 50 - 10%

Discounts do not apply to Net. items (shown by N after the price) or to orders paid
for by credit card

BOXES High poultry Black ABS plastic or dtecas plain or
stove grey

....

L W D ABS PLAIN STOVE GREY Jim
50 50 25 -- 500IP 90p 5001 1235 111111\---wa

100 60 15 2002 955 5002P 117p 5002 1540 .a.. ---Ten. .....10....."....
113 63 31 2003 1090 5003P 1435 5003 184, Fr
121 66 40 2004 115p 5004P 1820 5004 240p AllWille II.. II-- -dr

single ended
1'171_ '; /63. 4.7/63 10p; 10/63, 22/63 4; 22/40. 47/16 100; 47/40 100:
47/63 10p; 100/16 100/25 14; 100/40 10p; 100/63 20p' 220/10, 220/16,
220/25 13p; 470/C.3 15p; 470/10 16p; 470/16 15p; 470/25.22p; 470/40 25p:
1000/10 22p, 1000/16 24p; 1000/25 400.
Large Coe - SIEMENS
2200/63 f137; 4700/40 f1.71; 4700/63 f2.911; 4700/100 [5.64; 10000/16
f1.93; 10000/25 f2.711; 22000/16 f320; 22000/25 f4.73.
TANTALUM
01/35. 022/35. 0.47/35. 1/35. 2.2/16 ae. 130; 2.2/35, 47/16, 10/63 180;
4 7/35. 10/16. 22/6 3. 10/25 14; 21/16.22/25, 33/10, 47/6.3, 100/3 300.
LOW LEAKAGE Ala single ended
0.1/50. 0.22/50. 0.47/50. 4 7/35 11p; 1/50. 2 2/50, 4.7/50. es. 11p; 10/18, 22/6,
11p; 10/35 22/10. 22/16, 22/35, 41/6. 47/1012p; 47/16, 100/6 12p.

i
152 82 50 2005 1340 5005P 2160 5005 2611p

I
192 113 61 2006 2350 5006P 314 5006 4010

Posse MINIM this Avow, Won ordering or writ*, we.

VERO RANGE Plastic Boxes
L w 0MAIL

72 47 25 21024 50p
120 50 35 21390 74
180 110 55 11391 1455

'0' RANGE Professional Instrument Cases

134 90 44 21089 £7.28N
214 140 64 21090 £11.025
307 170 84 21091 f 14.9611

ORDERS TO HEAD OFFICE /1 SHOP -

ELECTROVALUE LTD 25d)St Jude's Rd, engiewe Gann. [gm..
Surrey 1W20 OHB.

Telephone Egli= (STD 0784. London 871 33603: Telex 264475.
Northern Branch (Personal shoppers only) 660 Bump Lane. Bump,

Manchester M19 1NA. Telephone 061 432 4945
Computing Shop, 700 Burner Lent Manchester. Tel. 061 431 4866.

Shop hours tall aggresses)Mon-Fri gam 530pm Sat gem -1 Opm NORMAL DESPATCHES WITHIN 24 HOURS

A
COMPLE1TSOLDERINGKIT

FORONLYAN/Nlyv

Contains
all you need
to solder/de-solder
any electronics project:
LITESOLD LC18 E 240v high performance iron, made to professional
standards in our own works, fitted with 3.2mm bit. 2 alternative bits, 1.6
and 2.4mm. Reel of 3 metres 18 swg flux -cored solder. Stainless steel
tweezer. 3 soldering aids. Reel of 1.5 metres de -soldering braid. Packed
in clear PVC presentation/storage wallet. Superb present - ideal for
beginner or expert.
SPECIAL PRICE- £13.95 inc. VAT & P.P.
(normal resale value £17.49 inc.) IRON only -£5.66 inc.(normally £6.92).
Spares, accessories and after -sales service available from us.
16 -page colour catalogue - 60p. Send cheque/P.O. to LITESOLD or
ring for

01111111s1fte R,EuNMID)Barclaycard
sales. 188888 LIGHT SOLDERING DEVELOPMENTS LTD.

Spencer Place, 97/99 Gloucester Road, Croydon CR0 2DN, Surrey. Tel: 01-689 0574.

-

" ,1 " .7 q 4,,,..
MULTI -METER
7N 3 6 0 TR
20,000 ohm/volt
DC Volts: 0.1,\--
055, 10-150-
250-1,000v.
AC Volts: 10-50,

METERS: 110 x 82 x 35mm
30AA, 50pA, 1000A. £5.90.
Post 505.

250-1,000
RESISTANCE
RANGES .401P
X1, X10, X1K,

METERS: 45 x 50 x 34mm
50µA, 100p.A, 1mA, 5mA, 10mA,
25v, 1A, 2A, 5A 25V.

X10K
£14.10
P.&P. 87p

L290. Post 30p.

METERS: 60 x 47 x 33mm
50#A, 100pA, 1mA, 5mA, 10mA,
100mA, 1A, 2A, 25v, 50v,
50-0-50AA, 100-0-100AA. £476.
VU meters. £.532.
Post on above meters 30p.

TRANSFORMERS
Primary

3-0-3v 100mA Up
6-0-6v 100mA 87p
6-0-6v 250mA L122

12-0-12v 50mA 92p
12-0-120 100mA L115

Silicone grease 50g £1.32 Post
14p.

Post on above transformers 48p.

9-0-9v 1A £1.80

NI -CAD BATTERY
CHARGER
Led indicators charge -test switch.
For PP3, HP7, HP11 & HP2 size
batteries.
Price £5-85 Post 94p.

12-0-12v 1A L240
15-0-15c 1A L260

6.3v 1IA £1.80
6-0-6v 1iA £210

Post on above transformers 87p.

All above prices
catalogue, S.A.E.
on request.

All goods

158

include V.A.T.
with all

despatched

M.
Bradshawgate,

Lancs.

Send
enquiries.

within 3

DZIUBAS
BL2

80p for
Special

days from

1BA

new 1982 fully Illustrated
prices for quantity quoted

receipt of the order.

Bolton
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MASTER
ELECTRONICS

NOW!
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.

You learn the practical way in easy
steps mastering all the essentials of
your hobby or to start or further a
career in electronics or as a self-
employed servicing engineer.

All the training can be carried out in
the comfort of your own home and at
your own pace. A tutor is available to
whom you can write personally at any
time, for advice or help during your
work. A Certificate is given at the end
of every course.
You will do the following:
Build a modern oscilloscope
Recognise and handle current electronic

components
Read,draw and understand circuit diagrams
Carry out 40 experiments on basic

electronic circuits used in modern
equipment

Build and use digital electronic circuits
and current solid state 'chips'

Learn how to test and service every type
of electronic device used in industry and
commerce today. Servicing of radio, T.V.,
Hi-Fi and microprocessor/computer
equipment.

NeweJob?NewCareer?NewHobby?GetintoElectronicsNow!

ors
COLOUR BROCHURE

RAJA No, s

Please send your brochure without any obligation to I am interested in:

NAME

ADDRESS

COURSE IN ELECTRONICS
as described above

RADIO AMATEUR LICENCE
MICROPROCESSORS

LOGIC COURSE

OTHER SUBJECTS

IPOST NOW TO: BLOCK CAPS PLEASE EE 12 820'

'British NationalRadio&Electronics School Reading,Berks.RG11BRJ-1 NMI MIN SIM 1111111 =MO 11
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ALL M O DIPLAYrTEST EQUIPMENT CENTRES OPEN SODELSIX DAYS
N

ASEKWE

RETAIL  MAIL ORDER  EXPORT  INDUSTRIAL  EDUCATIONAL

TRIO 20 MHZ DUAL TRACE SCOPES 12 YEAR GUARANTEE I
140mm Tube: DC to 20MHZ: 5mV sensitivity' CH2 Invert
CS1820 Delayed sweep: 0.2 paec lo 0.5 sec
Sweep: Modes CHI. CH2. OVAL and ACID. ONE 11 9
List Price £539.00 inc. VAT.

Our Price £420.00 inc. VAT (UK c /p £4.1)01

.

1 Pr -.XXX
411:131iX2 A!
' . 1.. .. , ...I , i-- 1

0Ir
al

CS1566A NOR, AUTO. VIDEO: 0.5psec Sweep,
Modes CHI. CH2, ALT. CHAP and ADO:
List Price £368110 inc. VAT

Our Price £299.00 inc. VAT (UK c/p £4.0011 Optional

-

" - - -

IC IAN 0 I.,I

probe see halo

'`i/j11

f

100 KHZ TO
6 Band Trio RF Generator
variable o/p to 100mV.

Special Price

*
A

30 MHZ
int/ext. mod.

AM int 400 HZ mod

f59.96
inc. MAT
(UK c/p £2)

A6202A matching
VAT20 HZ to 200 KHZ f78K030C

Audio Generator 'ION £2)

LOW COST DIGITAL
MULTIMETERS \Vir 44-''
31, digit LCD Hand Held AMMO,
ISW , Slide switch: PB = Push Button:
RS = flottryl (Models  with carry casel
UK c/p 65p all models
:KUM 13 Range 0.2A DC 2 megohm ISW I £26.50

26 Range IA AC/DC 200 megohm IRS) £37.50
'K D55C 28 Range 1CA AC/DC 200 megohm(RS) £41.50
601 26 Range 2A AC/DC 20 megohm 1PB) £36.50
188m 16 Range ICA DC (no AC) 2 megohm
Plus HFE (transistor( Tester IRS) £43.50
189m 30 Range 10 A AC/DC 20 megohm
Plus HFE Tesler IRS( £69.95

FREQUENCY COUNTERS
(All models battery operated) IUK C/P Ell
PFM 200A Pocket 8 digit LED
200 MHZ 10mV ITHANDARI £67.50
Max 50 50 MHZ 6 digit
LED Pocket IGSCI £56.35
Max 550 6 digit
LED Pocket IGSG) "735
8110A II digit LEO 2 range 100 MHZ
Bench ISABTRONICSI £77.00
8610A 8 digit LEI] 3 range 600 MHZ
Bench ISABTRONICSI £94.00
Max 100 5HZ-100MHZ
8 digit Bench LED IGSC( £97.75
86108 9 digit LED 3 range 600 MHZ
Bench ISABTRONICSI £113.85
80008 9 digit LEO 3 range 1000 MHZ
Bench ISABTRONICSI £178.00
TF040 8 digit LCD 40 MHZ ITHANDARI £126.50
TF200 8 digit LCD 2 range 200 MHZ

£166.75T VARDAR)AT1020
handsr orescalers for any counter up to 200 MHZ.

TP600 600 MHZ £43.13
TP1000 with P/S 1 GHZ £73.00
OPTIONS
TF series carry case £6.84
AC adaptors 1TF Series' £5.69 ..._',Ibsdioiioft

11 series AC adaptors £5.69 --. -.411111.1
All models probe kits £7.95 -,k--4954 '';i1

ANALOGUE MULTIMETERS
GENERAL RANGE
Low cost reliable meters (All supplied with
balls/leads111.1K C/P 5521
BANANA 15 range pocket 20K/Volt
plus cont. buzzer £20.64
ETI02 14 range 2K/Volt Pocket £5.95
ST5 11 range pocket 4K /Volt E6.50
HH56R 22 range pocket 20K/Volt £10.95
111360TR IP range plus Hie lest 200/0011 £2.95
KRT5001 16 range 10 amp OG range
double 50K/Volt £16.50
ST303TR 21 range plus Hle Test 200/Voll :

18 range Deluxe 2KV and Me Tester £17.50
TM K500 23 range plus 12A DC
Plus cool. buzzer 30K/Volt £23.95
168M 36 range large scale 10A
AC/OC 500/0011 £28.50
36058 23 range large scale 10A
AC/DC Hie lest 50 meg. ohm. 11(0
AC/OC 100K/Volt £36.95

Choose from UK's largest range

GENERATORS -.001111111111-- RF 1All with InI/Ext mod variable oulgull
R -C. Pulse. FIF Function.

gla c , . TE20D 100KHZ-100MHZ 6 band
Audio (UK c/p CII (300MHZ harm( £49.95

'
i, i ilirm

All models 220/2400 AC '' 18617 100KHZ-150MHZ 1450MHZ-harm)
AUDIO 4 band Sine /SO output LEADER £71.30
TE220 Max distortion Ha 20HZ/200.1. £59.95 FUNCTION fall sine/SO/Triangle/TTL etc.)
18627 Max distortion 0.5.1% ,., 5020A 1HZ-200KHZ ISABTRONICSI £90.00
[LEADER' 10HZ.IMHZ C86-25 T6100 IHTIOOKHZ ITHANDARI £00.85
1A6120A 5 band 10H2-1MHZ. T6102 0.2HZ-2MHZ ITHANDARI £166.75
SIMe/S00.05-0.e%eial. £146.00 PULSE
1A6125 As LAGI 206 but 0.02% T6105 51125MHZ Various outputs
dial ILEADERI £273.00 ITHANDARI £97.75
I16203 10HZ-IMHZ 5 band TI% Sine/S0 4001 Ultra -variable 0.5HZ:15MHZ IGSCI £113.85
119101 £129.95

OSCILLOSCOPE PROBE KITS
(UK C/P 50pper 1 to 3) BNC plug XI £7.95

X10 £9.45
01-510 £10.50
X100 £16.95

DIRECT READ HV PROBE
(UK C/P 65p) 0/40 KV, 20K /Volt L 18.40

OSCILLOSCOPES
(C/P Dual trace £4.00: SC110 01.00:
Single Trace £3.00)
HM307 Single trace I OMHZ 5mV: 0.5 micro
sec. Plus built in component tester
6 0 7cm display IHAMEGI £158.70 4^ f ,

C.z.::;) IV
rifieerini3

Optional case £18.40 cne
3030 Single trace I5MHZ. 5mV: 0.5 micro i i ,,'
sec. Plus built in component tester 95mm
tube Trig.lo 10MHZ ICROTECHI £172.50 SC110A New model
HM203/3 Dual 20MHZ: Trig lo 308112 10mV 0.16sec 2 t

5mV11.5 micro secs 8 a 10cm display All facilities ITHANDARI
(HAMM £253.00 'Options: Carry ca
HM203/4. As above but 2mV + Algebraic AC adapt
add IHAMEGI £276.00 Nicads
3131 Dual trace 15MHZ trig. to 35MHZ SAFGAN - UK made
5mV,05 micro sec 130mm tube plus Saipan all models 5mV
component tester £276.00 54 a 8cm display.
HM204 New model with component tester 01410 Dual 10MHZ
Dual 20MHZ delayed sweep, trig to 40MHZ. DT415 Dual 15MHZ
5mV Ol micro sec 8a 10cm display IHAMEGI £419.75 07420 Oval 20MHZ

lOptional case 621851

IV:: 6,::.:Ci i

10MHZ battery portable.
ace.

£171.00
e £6.84
r £5.69

£8.631
dual trace

sens. as micro sec

£205.85
£217.35
£228.85

FAAJ.Is

ate
.

iii6DEAUDIO ELECTROnLimited

301 EDGWARE ROAD. LONDON W2 18N. TEL: 01-724 3564 Ili enol rl
ALSO AT HENRYS RADIO. Ortittr by 0.1 with CHEQUE. ACCESS

VISA or Tolphone your O., Allow up

404/406 EDGWARE ROAD. LONDON W2 .....y.......,,,,........,

Fr T.V. SOUND
TUNERBUILT AND TESTED

In the cut-throat world of
consumer electronics, one
of the questions designers
apparently ponder over
is "Will anyone notice if
we save money by chopp-
ing this out?" In the
domestic TV set, one of the
first casualties seems to be _-
and no tone controls are common
the sound quality. Small speakers

and all this is really quite sad, as the £22.95 + £2.00 p&p.
TV companies do their best to transmit the highest quality sound. Given this background a
compact and independent TV tuner that connects direct to your Hi-Fi is a must for quality
reproduction.
This TV SOUND TUNER offers full _UHF coverage with 5 pre -selected tuning controls. It can
also be used in conjunction with your video recorder. Dimensions: 11%"x 8%"x 3%"
E.T.I. kit version of above without chassis, case and hardware. £12.95 plus £1.50 p&p.

PRACTICAL ELECTRONICS
STEREO CASSETTE
RECORDER KIT WITH CASE

ONLY £31.00 plus £2.75 p&p.
 NOISE REDUCTION SYSTEM.  AUTO
STOP.  TAPE COUNTER.  SWITCHABL
E.Q.  INDEPENDENT LEVEL CONTROLS.

TWIN V.U. METER.  WOW & FLUTTER
0.1%.  RECORD/PLAYBACK I.C, WITH
ELECTRONIC SWITCHING.  FULLY
VARIABLE RECORDING BIAS FOR
ACCURATE MATCHING OF ALL TYPES.
Kit includes tape transport mechanism, ready punched and back
printed quality circuit board and all electronic parts. i.e. semiconductors,
resistors, capacitors, hardware, top cover, printed scale and mains transformer.
You only supply solder & hook-up wire. Featured in April P.E. reprint 50p. Free with kit.

P.E. STEREO TUNER KIT
This easy to build 3 band stereo AM/FM tuner kit
is designed in conjunction with Ptactical Electronics
(July '811. For ease of construction and alignment
it incorporates three Mullard modules and an I.C.
IF System.
FEATURES: VHF, MW, LW Bands, interstation
muting and AFC on VHF. Tuning mete, Two back
printed PCB's. Ready made chassis and scale. Aerial:
AM - ferrite rod, FM -75 or 300 ohms. Stabilised power
supply with 'C' core mains transformer. All components
supplied are to P.E. strict specification. Front scale size 10'4"x 2'/" approx. Complete with
diagram and instructions. Self assembly simulated wood cabinet sleeve

to suit tuner only. Finish size: 11'4"x 8%"x£17.95 Plus £2.50 P&P. £3.50 Plus £1.50 p&p.

125W HIGH POWER
AMP MODULES
The power amp kit is a module for high
power applications - disco units, guitar amplif-
iers, public address systems and even high
power domestic systems. The unit is protected
against short circuiting of the load and is safe
in an open circuit condition. A large safety
margin exists by use of generously rated com-
ponents, result, a high powered rugged unit.
The PC board is back printed, etched and
ready to drill for ease of construction and the
aluminium chassis is preformed and ready to
use. Supplied with all parts, circuit diagrams
and instructions.

ACCESSORIES: Suitable mains power supply
kit with transformer: £8.50 + £2.00 p&p.
Suitable LS coupling electrolytic. £1 + 25p p&p

SPECIFICATIONS:
Max. output power (RMS): 125 W. Operating
voltage (DC): 50 - 80 max. Loads: 4 - 16 ohm.
Frequency response measured @ 100 watts:
25Hz - 20KHz. Sensitivity for 100w: 400mV
@ 47K. Typical T.H.D. @ 50 watts, 4 ohms:
0.1%, Dimensions: 205x90 and 1 90x36mrn.

KIT
£10.50

+£1.15 p&p

BUILT
£14.25

+£1.15 p&p.

BSR RECORD DECK
Manual single play record
deck with auto return
and cueing lever. Fitted
with stereo ceramic cart-
ridge 2 speeds with 45rpm
spindle adaptor ideally
suited for home or disco.
£12.95 +£1.75 P&P. 3"x 11" app.

SPECIAL OFFER! Replacement Stereo cass-
ette tape heads - £1.80 each. Mono: (1.50
each. Erase: £0.70 each. Add 50p p&p to order.

SPEAKER BARGAINS
2 WAY 10 WATT
SPEAKER KIT
8" bass/mid range and 3%"
tweeter. Complete with screws
wire, crossover components
and cabinet. All wood pre-
cut - no cutting required.
Finish - chipboard covered
wood simulate. size 14'4"x
8%"x 4". PAIR for ONLY

£12.50 plus £1.75 p&p.

All mail to:
21A HIGH STREET, ACTON, W3 6NG.
Note: Goods despatched to U.K. postal addresses only.
All items subject to availability. Prices correct at
30/10/82 and subject to change without notice.
Please allow 7 working days from receipt of order
for despatch. RTVC Limited reserve the right to up-
date their products without notice. All enquiries send
S.A.E. Telephone or mail orders by ACCESS welcome.

ALL CALLERS TO: 323 EDGWARE ROAD,
LONDON W2. Telephone: 01-723 8432.
15 minutes walk from Edgware Road Tube Station)
Now open 6 days a week 9 - 6. Prices include VAT.

R Esi
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E.E. PROJECT KITS
I.C.s TOOLS CASES
TRANSISTORS RESISTORS KITS
CAPACITORS HARDWARE MAGENTA

Make us your No. 1 SUPPLIER OF KITS and COMPONENTS for E.E. Projects. We supply
carefully selected sets of parts to enable you to construct E.E. projects. Kits include ALL
THE ELECTRONICS AND HARDWARE NEEDED. Printed circuit boards (fully etched,
drilled and roller tinned) or Veroboard are, of course, included as specified in the original
article, we even include nuts, screws and I.C. sockets. PRICES INCLUDE CASES unless
otherwise stated. BATTERIES ARE NOT INCLUDED. COMPONENT SHEET INCLUDED.
If you do not have the issue of E.E. which includes the project -you will need to order
the Instruction reprint at an extra 45p each.

Reprints available separately 45p each 4 p. & p. 459.

SINE WAVE GEN Oct. 82. £14.65
G. P. PRE -AMP Oct. 82. £5.64
LIGHTS ON ALERT Oct. 82. £4.25
CONTINUITY CHECKER Sept82. E4 97
SOUND SPLITTER Sept 82. £1577
SOUND RECOMBINER Sept 82. £3 70
C.S. BATTERY CHARGER Sept82.

£12 65
SCREEN WASH DELAY Sept 82, £4.48
INSTRUMENT PRE AMP Aug. 82.

£702
TWO TONE DOORBELL ALARM Aug
82, less case and bell transformer. £882
CB ROGER BLEEPER Aug 82 £847
BRAKE LIGHT RELAY July 82. £4-80
2 -WAY INTERCOM July 82. £411
ELEC (RONIC PITCH PIPE July 82

£4 91
REFLEX TESTER July 82. £7.07
SEAT BELT REMINDER June 82. £3 73
EGG TIMER June 82. £495
TWO TONE TRAIN HORN WITH
REMOTE TRIGGER OPTION May 82.

£1126
CAR LED VOLTMETER less case.
May 82. £2 89
LIGHTNING CHESS BUZZER. May 82

£6 20
2k RAM PACK Apr 82 less case £1379
V.C.O. SOUND EFFECTS UNIT Apr 82

£11 56
CAMERA OR FLASH GUN TRIGGER
Mar 82. £12 41 less tripod bushes.
POCKET TIMER Mar 82. £371.
GUITAR TUNER Mar 82. £15 63.
CAR OVERHEATING ALARM. Feb. 82.
£9 61.
SIMPLE STABILISED POWER
SUPPLY. Jan. 82. E24 58
MINI EGG TIMER. Jan. 82. £394
SIREN MODULE. Jan. 82. less speaker.
ES 57.
MODEL TRAIN CHUFFER. Jan. 82.
£827.
SQUARE SIX. Dec. 81. £4 70.
GUITAR ADAPTOR. Dec. 81. E3..76
REACTION METER. Dec. 81. £17 55.
kLECTRONIC IGNITION. Nov. 81.
£25.98.
SIMPLE INFRA RED REMOTE CON-
TROL. Nov. 81. £16 98.
PRESSURE MAT TRIGGER ALARM.
Nov. 81. £6 271 ess mats.
EXPERIMENTER CRYSTAL SET.
Nov. 81. Less aerial. £5 99.
Headphones. £298 extra.
CAPACITANCE METER. Oct.81.£23 51.
SUSTAIN UNIT. Oct. 81. £1276.
'POPULAR DESIGNS'. Oct. 81.
TAPE NOISE LIMITOR. £457.
HEADS AND TAILS GAME. £252.
CONTINUITY TESTER. £3 95.
PHOTO FLASH SLAVE. £3 46.
FUZZ BOX. £729.
OPTO ALARM. £6 78.
SOIL MOISTURE UNIT. £5 81.
ICE ALARM. £7.69.
0-12V POWER SUPPLY. Sept. 81. £17 98
CMOS CAR SECURITY ALARM.
Sept. 81. £11 .06
CMOS DIE. Sept. 81. £7-.99
LED SANDGLASS. Aug. 81. £8 53.
CMOS METRONOME. Aug. 81. £823.
COMBINATION LOCK. July 81. Less
case. £1958.
BURGLAR ALARM SYSTEM. June 81
less bell, loop & Mic's. £4098.
TAPE AUTO START. June 81. £12 79.
LIGHTS REMINDER AND IGNITION
LOCATOR E.E. May 81. £5.66
SOIL MOISTURE INDICATOR E.E.
May 81. 44 09.
GUITAR HEADPHONE AMPLIFIER
E.E. May 81. £423.
PHONE BELL REPEATER I BABY
ALARM E.E. May 81. £5.66.
INTERCOM. April 81. £2223.
SIMPLE TRANSISTOR & DIODE
TESTERS. Mar. 81. Ohmeter version
£2 02. Led version £2 73

MINI SIREN. Mar. 81. £8 04.
LED DICE. Mar. 81. £844.
LED FLASHER. Mar. 81. £4 29.
MODULATED TONE DOORBELL.
Mar. 81. E6-64.
B ENCH POWER SUPPLY. Mar. 81.

53.47.
THREE CHANNEL STEREO MIXER.
Feb. 81. £18-69.
SIGNAL TRACER. Feb. 81. Ell 17 less
Probe.
NI-Cd BATTERY CHARGER. Feb. 81.
£13.61.
ULTRASONIC INTRUDER DETEC-
TOR. Jan. 81 less case. £5347.
2 NOTE DOOR CHIME. Dec. 80. E10 32.
LIVE WIRE GAME. Dec. 80. £11.70.
GUITAR PRACTICE AMPLIFIER.
Nov. 80. £12-82 less case. Standard case
£3.88. High quality case £8.33.
SOUND TO LIGHT. Nov. 80. 3 channel.
E21 .34.
TRANSISTOR TESTER. Nov. 80.
£11 63 Inc. test leads.
AUDIO EFFECTS UNIT FOR WEIRD
SOUNDS. Oct. 80. £1311.
B ICYCLE ALARM. Oct. 80. £10 35 less
mounting brackets.
IRON HEAT CONTROL. Oct. 80. £5 86.
TTL LOGIC PROBE. Sept. 80. £5.18.
ZENER DIODE TESTER. June 80. £6.66.
4 STATION RADIO. May 80. £16 29 less
case.
LIGHTS WARNING SYSTEM. May 80.
£4 68.
B ATTERY VOLTAGE MONITOR. May
80. E5 16.
CABLE & PIPE LOCATOR. Mar. 80,
£4.11 less coil former.
KITCHEN TIMER. Mar. 80. £1465.
STEREO HEADPHONE AMPLIFIER.
Mar. 80. £18 15.
MICRO MUSIC BOX. Feb. 80. £1626.
Grey Case £3 99 extra.
SIMPLE SHORT WAVE RECEIVER.
Feb. 80. £25 86. Headphones £2.98.
SLIDE/TAPE SYNCHRONISER. Feb.
80. £12 30.

Feb. 80. £4 62.
SPRING LINE REVERES. UNIT. Jan. 80.
E25 86.
UNIBOARD BURGLAR ALARM. Dec.
79. £9.03.
BABY ALARM. Nov. 79. E9.60.
CHASER LIGHTS. Sept. 79. £23 40.
SIMPLE TRANSISTOR TESTER.
Sept. 79. E7 30.
DARKROOM TIMER. July 79. E2.89.
ELECTRONIC CANARY. June 79. £5.86.
MICROCHIME DOORBELL. Feb. 79.
E15.85.
THYRISTOR TESTER. Feb. 79. E3 78.
FUSE CHECKER. Oct. 78. £2.31.
SOUND TO LIGHT. Sept. 78. £8.42.
CAR BATTERY STATE INDICATOR.
Sept. 78. Less case. £2.09.
R.F. SIGNAL GENERATOR. Sept. 78.
£26 72.
IN SITU TRANSISTOR TESTER.
June 78. £6 77.
WEIRD SOUND EFFECTS GENERA.
TOR. Mar. 78. £5.59.
AUDIO VISUAL METRONOME. Jan. 78
£598.
ELECTRONIC TOUCH SWITCH. Jan.
78. 42.73 less case.
RAPID DIODE CHECK. Jan. 78. £2.74.
PHONE/DOORBELL REPEATER. July
77. £7 46.
ELECTRONIC DICE. Mar. 77. £5 88.

MORE KITS AND
COMPONENTS
IN OUR LISTS

FREE PRICE LIST
Price list Included with

orders or send sae (9 >, 4)
CONTAINS LOTS MORE

KITS, PCBs &
COMPONENTS

1982 ELECTRONICS
CATALOGUE

Illustrations, product descriptions, circuits all in-
cluded. Up-to-date price Ilst enclosed. All products
are stock lines for fast delivery.
Send 80p In stamps or add 80p to order.

MORE E.E. KITS PLUS H.E. and E.T.I. PRO-
JECT KITS IN THE PRICE LIST.

MAGENTA gives you FAST DELIVERY OF QUALITY COMPONENTS & KITS
All products are stock fines and are new & full specification. We give personal service &
quality products to all our customers -HAVE YOU TRIED US?

MAGENTA ELECTRONICS LTD.
EF46, 135 HUNTER ST. BURTON -ON -TRENT, STAFFS.,
DE14 2ST. 0283 65435. MON.-FRI. 9-5. MAIL ORDER ONLY.
ADD 45p P. & P. TO ALL ORDERS. PRICES INC. VAT

Normal despatch by return of post.
OFFICIAL ORDERS WELCOME.
OVERSEAS. Payment must be in sterling,
IRISH REPUBLIC and BFPO: UK PRICES.
EUROPE: UK PRICES plus 10%.
ELSEWHERE: Write for quote.

SOLDERING/TOOLS
ANTEX X5 SOLDERING IRON
25W £5 48
SOLDERING IRON STAND £1 98
SPARE BITS. Small, standard,
large, 65p each. For X5 + X25
SOLDER. Handy size 99p
SOLDER CARTON £1'84
DESOLDER BRAID 69p
HEAT SINK TWEEZERS 29p
DESOLDER PUMP £6.48
HOW TO SOLDER LEAFLET 12p
LOW COST CUTTERS £1 69
LOW COST LONG NOSE
PLIERS
WIRE STRIPPERS &
CUTTERS

£1.68

£2'89 MULTIMETER TYPE 2. (YN360TR)
20K o.p.v. with transistor tester.

HELPING HANDS JIG 26.30 £14.75
Heavy base. Six ball and socket joints
allow infinite variation of clips through
360°. Has 2t" diameter (2.5 x magnifier
attached), used and recommended by
our staff.

VERO SPOT FACE CUTTER .... £1 49
PIN INSERTION TOOL £1 98
VEROPINS (pk of 100) 0.1" 52p
MULTIMETER TYPE 1 (1,000 opv) £5 48
SET. 10 leads with 20 clips 99p
RESISTOR COLOUR CODE
CALCULATOR 21p
CONNECTING WIRE PACK TYPE
ED. 11 colours 49p

ILLUMINATED MAGNIFIERS
Small 2" dia. (5x mem.) £1 .14
Large 3" dia. (4 x map.) £2.40

CAST IRON VICE £2.98
SCREWDRIVER SET 98

POCKET TOOL SET £3 98
DENTISTS INSPECTION MIRROR

£285
JEWELLERS EYEGLASS £1-50
PLASTIC TWEEZERS 69p
PAIR OF PROBES WITH LEADS
(cc) 77p

TEACH IN 82
All top quality components as specified by Everyday Electronics. Our kit comes
complete with FREE COMPONENT IDENTIFICATION SHEET. Follow this educa-
tional series and learn about electronics -Start Today.
LIST 1 and LIST 2 together £27 98. LIST 3 £5.98.

* * * SPECIAL OFFER * * *
LISTS 1, 2 and 3 all bought together £3348.

WOODEN CASE KIT also available E11 .98 -wood, formica, glue, screws etc. Cut
to size.
12 part series, reprints available of previously published parts. 45p each.

LISTS 1, 2, AND 3 ALL AVAILABLE NOW.
ALSO WOODEN CASE KIT.

BOOKS ADVENTURES WITH
MICROELECTRONICS

SEMICONDUCTOR DATA BOOK
Newnes £5'90
ELECTRONIC PROJECTS FOR HOME
SECURITY E3.35
ELECT. PROJECTS IN PHOTOGRAPHY

43 '35110 ELECT. ALARM PROJECTS £5.35
MODEL RAILWAY PROJECTS £1.95
BASIC ELECTRONICS. Theory and

£7.98
BEGINNERS GUIDE TO BUILDING

INNERS

ELECT. PROJECTS £1 .so

Similar to 'Electronics' below.
Uses I.C.s. Includes dice, elec-
tronic organ, doorbell, reaction
timer, radio etc. Based on Bim-
board 1 bread board..Adventures with Microelectronics

£2.55
Component pack £2964 less
battery.

ADVENTURES WITH ELECTRONICS V. LI knr,
An easy to follow book suitable for all ages. Ideal for beginners.
No soldering, uses an S -Dec breadboard. Gives clear instructions
with lots of pictures. 16 projects -including three radios, siren,
metronome, organ, intercom, timer, etc. Helps you learn about
electronic components and how circuits work. Component pack
includes an S -Dec breadboard and all the components for the
projects.
Adventures with Electronics £2.40. Component pack £1898 less
battery.

ADVENTURES WITH DIGITAL ELECTONICS
New book by Tom Duncan in the popular 'Adventures' series.
This book of entertaining and instructive projects is designed for
hobbyists and students. It provides a stepping stone to the
microprocessor.
The first part deals with the properties of some basic ICs used in
digital electronics.
The second part gives details of how to build eight devices -
shooting gallery, 2 -way traffic lights, electronic adder, computer
space invaders game, etc.
For each project there is an explanation of 'how it works' and also
suggestions for 'things to try'.
No soldering -all circuits built on 2 Bimboard 1 breadboards.
Adventures with Digital Electronics book £3.25. Component
pack £4250, ref. EEDC. All the components needed including
2 breadboards and hexadecimal keyboard. Available less
breadboards £2998, ref. EEDF. Both less battery.

Everyday Electronics, December 1982 837



Courses

CONQUER THE CHIP -master modern
electronics the practical way by seeing and
doing in your own home. Write for your
free colour brochure now to BRITISH
NATIONAL RADIO & ELECTRONICS
SCHOOL, Dept C3, Reading, Berks RG1 1BR.

Receivers and Components
SUPER KWIKMAIL OFFER. 300 mixed
components including IC's, diodes, etc.
£1.50 including P&P or send SAE for list.
KWIKMAIL ELECTRONICS, 135 Tany's
Dell, Harlow, Essex.

XMAS ELECTRONICS SALE
(Deduct 15% discount on orders of £15 and over)

MODERN DYNAMIC MOVING COIL MICRO-
PHONES. 200 ohms impedance. With switch. Fitted
with lead and DIN plug. Used but in nice condition.
Only £2 each p.p. 50p. MICROPHONE HEADPHONE
EXTENSION LEADS. Curly 4 core unscreened leads.
High quality. Over 1 metre in length. 35p each p.p. 15p.
4 for £1-25 post free. AIRLITE HEADSETS with Boom
Mike. Cost over £40 per pair. Our price £4-50 per pair
p.p. £1. 2 pairs for £9 post free. Less boom mike £4 per
pair p.p. £1, 2 pairs £9 post free. AMPLIVOX HEAD
SETS WITH BOOM MIKE. £4.50 per pair postage £1.
2 pairs for £9 post free. Less boom mike £4 per pair,
p.p. £1. 2 pairs for £8 post free. Impedance of above
headphones 600 ohms. All headphones fitted with Ex
Ministry plug. Standard new jack plugs available at 25p
each. 2 for 400. Headphone extension sockets only 25p
each. 2 for 40p. GENUINE AFV TANK HEADSETS
and MIKE £3.50, p.p. £1. 2 pairs for £7 post free.
HAVE YOU SEEN THE GREEN CAT? 1000s of new
components, radio, electronic, audio at unbelievably low
prices. Send 50p and receive catalogue and FREE
RECORD SPEED INDICATOR. Try a JUMBO PACK.
Contains transistors, resistors, caps, pots, switches,
radio and electronic items. Over £50 worth for £11,
carriage £2.50. MINI JUMBO PACK (£20 worth) £5,
p.p. £1.50. BRIDGE RECTIFIERS (Phillips) 400 PIV
at 4 amps. Well made. Should be over £2 each. Our
price 900, p.p. 20p. SEMICONDUCTOR SALE. ITT
BC183 transistors. 10 for 30p or 4p each. ITT IN4002
diodes 3p each. 10 for 25p. OPTRON TYPE OP180
INFRA RED DIODES. High output Power. Matched to
the OP500 and OP500SL series photo transistors. Our
price 40p. 3 for £1.
RIDICULOUS RESISTOR SALE. I watt carbon film
resistors. 5% tolerence. High quality resistors made
under exacting conditions by automatic machines. E12
range IRO to 10M0. In lots of 1000. (25 per value).Only
£8 per 1000. Lots of 5000 for £35.
GENUINE EX GOVT. COLLAPSIBLE AERIALS.
A fully adjustable highly efficient whip aerial in 5
sections. Length open 1I metres. Closed 300mm. Copper
plated sections. As used on Ex Govt. Manpacks. Brand
new in makers boxes. £2-50 each, p.p. 75p. 2 for £5
post free.
Paltaksiengaat carriage.15VAT to all orders including post

MYERS ELECTRONICS. (E.E.), 12/14 Harper Street.
Leeds LS2 7EA. Leeds 452045. New retail premises at
above address (opposite Corals). Callers welcome 9
to 5 Mon. to Sat. (Lunch 2.15 to 3.15 p.m.). Sunday open
10 to 3 p.m.

dielfgaiiKs
Reach effectively and economically to -days enthusiasts
anxious to know of your products and services through our
semi -display and classified pages. Semi -display spaces may be
booked at £7.24 per single column centimetre (minimum 2.5cm).
The prepaid rate for classified advertisements is 31 pence per word
(minimum 12 words), box number 60p extra. All cheques, postal orders,

BARGAIN COMPONENTS ASSORTED on
circuit boards, only f350/kg. Postage
£1.00. S.A.E. for details. (DEE) 35
Galloway Road, Fleetwood, Lancs.

BIG BARGAIN BOX
Our Big Bargain Box contains over a thousand com-
ponents -resistors, capacitors, pats, switches, diodes,
transistors, panels, bits and pieces, odds and ends.
All useful stuff -would cost many times the price we are
asking it bought separately. Approx weight 4lbs. ONLY
£5.00 inc. post-yourie bound to come back for another!

ESP, 147D Foundry Lane, Southampton, SO1 3LS
Lots of surplus bargains on our latest list -send an
s.a.e. for your copy now.

300 SMALL COMPONENTS, transistors,
diodes. £1.70 7lbs assorted components £4.25
101bs £5.75. Forty assorted 74 series ICs on
panel £1.70. 500 capacitors £3.20. List 20p
refundable. Post 60p. Optionable insurance
20p. J. W. B. RADIO, 2 Barnfield Crescent,
Sale, Cheshire M33 1NL.

TURN YOUR SURPLUS capacitors, tran-
sistors etc., into cash. Contact Coles Hard-
ing & Co., 103 South Brink, Wisbech,
Cambs. 0945-584188. Immediate settlement.

AERIAL BOOSTERS trebles incoming sig-
nal, price £7.00. SAE leaflets. VELCO
ELECTRONICS, Ramsbottom, Lancashire
BLO 9AG.

Veteran & Vintage

"SOUNDS VINTAGE"
The only magazine for all vintage sound
enthusiasts, packed with articles by top
writers, covering gramophones, phono-
graphs, 78s, wireless, news, history, re-
views, etc.
Bi-monthly. Annual subscription £8.75
(airmail extra). Send 75p for sample copy.

212 Lower High St., Watford, Herts.

Service Sheets
ANY PUBLISHED, FULL-SIZE SERVICE
SHEET by return £2 LSAE. CTV/
music centres £3. Repair data with all cir-
cuits, layouts, etc, your named TV or
Video £8.50. Free 50p mag. All orders,
queries-T.I.S. (E.E)., 76 Churches, Lark -
hall, Lanarkshire.
BELL'S TELEVISION SERVICE for service
sheets on Radio, TV etc. £1. 25 plus SAE.
Colour TV Service Manuals on request.
SAE with enquiries to BTS, 190 King's
Rd. Harrogate, N. Yorkshire. Tel: 0423 55885.

Software
EDGE CONNECTORS, double 39 way. 1"
adaptable ZX 81- spectrum £1, including
postage. HARDING, 42 Woodfield Avenue,
Lincoln.

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS

Please Insert the advertisement below In the next available issue of Everyday Electronics for
Insertions. I enclose Cheque/P.O. for £
(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Everyday Electronics)

NAME

ADDRESS

EVERYDAY ELECTRONICS
Classified Advertisemnts Dept., Room 2812,
King's Reach Tower, Stamford Street, London SE1 IILS
Telephone 81.281 942

Rate:
31p per word, minimum 12 words. Box No. gap extra.

Company registered In England. Registered No. 53626. Registered Office: King's Ranch Tower, Stamford Street, London SE1 9LS. 12/82
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AT YOUR SERVICE

etc., to be made payable to Everyday Electronics and crossed "Lloyds
Bank Ltd." Treasury notes should always be sent registered post.
Advertisements, together with remittance, should be sent to the
Classified Advertisement Department, Everyday Electronics, Room
2612, IPC Magazines Limited, King's Reach Tower, Stamford St.,
London SE1 9LS. (Telephone 01-261 5942).

For Sale

DUAL -BEAM 10 MHZ oscilloscope, good as
new £150. Tel: 0633-857309. Evenings only.

OPTICAL FIBRES for use in communi-
cations, electrical isolation, remote sensing,
illumination, etc. Introductory package con-
tains five sample lengths of silica, glass and
plastic fibres totalling ten metres plus a
forty page fibre optics guide with theory,
uses, practical circuits, etc. Send £595 to
Quantum Jump Ltd., 53 Marlborough Road,
Tuebrook, Liverpool L13.

Books and Publications

BASIC ELECTRICITY in 5 volumes, BASIC
ELECTRICITY in 6. £8/set. Colchester
(0206) 866123.

Miscellaneous

Build electronic
circuits without solder
on a Roden S -Dec.
This has built-in
contacts and holes into
which you plug your components.
Suitable for all ages. Can be used
time after time. Ideal gift for
students or experimenters. 1170r
Full instructions and 2 circuit
diagrams with each S -Dec.

ASend cheque or P.O. to: -
Roden Products, Deo EE
High March, Daventry,
Northants, NNII 40E 24.7161, including p & p

INDEX TO ADVERTISERS
Alcon
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Audio Electronics

Bi-Pak

B.K. Electronics

.. 762

.. 821

.. 836
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NO
BATTERIES
NO WIRES

ONLY

£29.95
PER PAIR
16.75 VAT

& P & P incl.
The modern way of instant 2 -way communications.
lust plug into power socket. Ready for use. Crystal
clear communications from room to room. Range
1 -mile on the same mains phase. On/off switch.
Volume control, with 'buzzer' call and light indicator.
Useful as inter -office intercom. between office and
warehouse, in surgery and in homes. Also available
F.M. model. Per pair for £4995 VAT & P & P incl.

DIGITAL WATCH REPLACEMENT PARTS.
Batteries, displays, backlights, etc. Also re-
ports publications charts. SAE for full list.
PROFORDS, Copners Drive, Holmer Green,
Bucks HP15 6SGA.

THE SCIENTIFIC
WIRE COMPANY
PO Be,, 30. London E.4. 01 531 MU

ENAMELLED COPPER WIRE
SWG 1 lb 8 oz 4 oz 2 oz
8 to 34 3.30 1 90 1.00 0.80

35 to 39 3.52 2.10 1.15 0.85
40 to 43 4.87 2.65 2.05 1.46
44 to 47 8.37 5.32 3-19 2.50
48 to 49 1596 9.58 6.38 3.69

SILVER PLATED COPPER WIRE
14 to 30 6.63 3.86 2.28 1.50

TINNED COPPER WIRE
14 to 30 3.97 2.41 1.30 0.04

10 x 10 mtr reels 3 amp PVC cable mixed colours 5.00
Prices include P & P vat. Orders under £2 ado 20p.
SAE for list of copper and resistance wire. Dealer en-
quiries welcome.

FREE MULTIMETER (Brand new)! When
you order over £25 worth of our second-
hand Test Gear. For details large SAE to:
S.H.E., 5 St Joseph's Park, Ballycruttle,

SILVER OXIDE BATTERIES
Save pounds on silver oxide and alkaline button
cells. Fully guaranteed. e.g.: LR44 for Pentax ME
Super camera only 42p each post free.

For FREE EQUIVALENTS CHART and price list
send s.a.e. to:

H. M. WHEELER & CO., (Unit I), IS Haw-
thorn Crescent, Bewdley, Worcs. DYI2 2JE

PEN WATCH -Slim stainless steel pen,
combining quartz 5 function watch, easy
battery change, uses 'Parker' refill, guaran-
teed. ONLY £399. TAITS MAIL ORDER, 31
Lime Grove, Addlestone, Surrey.

MAINS INTERCOM

NEW AMERICAN TYPE CRADLE
TELEPHONE AMPLIFIER

£18.95
£4.65 VAT

&P & P incl.

Latest transistorised Telephone Amplifier, with
detached plug-in speaker. Placing the receiver on to
the cradle activates a switch for immediate two-way
conversation without holding the handset. Many
people can listen at a time. Increase efficiency in
office, shop, workshop. Perfect for "conference"
calls: leaves the user's hands free to make notes,
consult files. No long waiting, saves time with long-
distance calls. On/off switch, volume control, Con-
versation recording, model at £20-95, £4.95 VAT &
P & P incl

DOOR ENTRY SYSTEM
No house I business / surgery should be without a
DOOR ENTRY SYSTEM in this day and age. The
modern way to answer the door in safety. Talk two-
way to the caller and admit him only if satisfied by
pressing a remote control button which will open
the door electronically. A boon for the invalid, the
aged, and busy housewife. Supplied complete d.i.y.
kit with one internal Telephone, outside Speaker
panel, electric door lock release (for Yale type
surface latch lock); mains power unit, multicore
cable, 50ft and wiring diagram. Price £59.95 includ-
ing VAT & P & P. E tra phone £9.95.
PLEASE ALLOW 10-15 DAYS FOR DELIVERY

10 -day price refund guarantee on all items
Access and Barclay Visa Card welcome.

Personal Callers Welcome
WEST LONDON DIRECT SUPPLIES (FEU)

119 THE VALE. ACTON
= LONDON W3 7RQ Tel. 01 740 9760 El
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Make the connection with Access

I wish to b

and receive a regular postal delivery of Everyday
Electronics. It's easy, it's straightforward and it's quick.
Just use the subscription order form to get your Access
card account charged with the price of a subscription or
order your subscription through Access on the phone:
(01) 886 6433. If you pay by cheque or postal order, use
the subscription order form in the usual way.

1m 1.1
SUBSCRIPTION ORDER FORM

come a subscriber to Everyday Electronics for one year and enclose cheque/

postal order value no made payable to I PC Magazines Ltd.

Complete this portion if you are using your Access card account. I authorise you to debit
my Access card account with the above

My Access no. is

Block letters please)

mount.

Name

Address

Signature

110=II =I

Subscription Rates:
UK, Isle of Man, Channel
Islands and Irish
Republic £11

Overseas £12

261
Stamford St
London SE1 9LS.

Unless you are phoning your
order, complete and post this
order form to:
Everyday Electronics,

King's Reach Tower,
eet,

TECHNICAL TRAINING
IN ELECTRONICS,
TELEVISION AND AUDIO
IN YOUR OWN HOME-AT YOUR PACE
ICS can provide the technical knowledge that is so essential
to your success,knowledge that will enable you to take advant-
age of the many opportunities open to the trained man. 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 & Guilds Certificates
Radio Amateurs
Basic Electronic Engineering (Joint C&G/ICS)

Certificate Courses
TV and Audio Servicing
Radio & Amplfier Construction
Electronic Engineering* and Maintenance
Computer Engineering* and Programming
Microprocessor Engineering*
TV, Radio and Audio Engineering
Electrical Engineering,* Installation
and Contracting *Qualify for IET Associate Membership

CACC Approved by CACC Member of ABCC

POST OR PHONE TODAY FOR FREE BOOKLET

Please send me your FREE School of Electronics Prospectus.

Subject of Interest

Name

Address

Post to. Dept 6268
ICS School of Electronics
160 Stewarts Road, 01-622 9911 I
London SW8 4UJ (AR Hours)

Ell 11.11 11.1 MN MIN IM MN 

I
I
I

WHY USE STRIPBOARD?
Make your own PCB. It's
easy:
"GET YOU STARTED" KIT
12V Mini Drill (takes +A).
1 mm Bit.
25 sq. ins. Copper Clad.
PCB Etchant for ltr.
Tweezers and Dish.
Fine Etch Resist Pen.
Instructions. Only £6-00.
"SUPER" KIT As above with:
3 Pens, Fine-Med.-Thick.
75 sq. ins. Copper Clad.
3 Sheet Transfers-Etch Resist.
Only £8.50.

SIMPLE PCB DRILL
12V Motor with chuck attached
with 3 collets 0.8 to 2 .0mm. £4 50.
PCB ETCHANT
Double strength to make 'tr.
solution. 90p.
ETCH RESIST PENS
Set of 3, Fine-Med.-Thick. £1-80.
COPPER CLAD BOARD
6" x 6" x 1mm on Pax. 25p sheet.
Prices are inclusive but add 60p
P & P to each order.
Cheques & P.O.'s payable to
POPS Components.

POPS COMPONENTS Add
CROi6AA

scombe Rd,
Croydon

CAN YOU
SPOT THE CONNECTION?
If you enjoy the challenge of electronics and the
satisfaction of a job well done you should read
Practical Woodworking. The wealth of easy -to -
construct projects are designed to be, not only
attractive, but useful in and around the home. Our
December issue includes a Rocking Motorbike
and an ingenious Magic Box-both great ideas for
Christmas and a family desk great for the home
hobbyist in painting, writing sewing or, of course,

electronics. Get connected to
PRACTICAL

WOOD WORKING
The practical man's guide to woodworking.

Published approximately the third Friday of each month by IPC glagasines Ltd.. King. Reach Tower, Stamford St., London SE1 9LS. Printed ,n England by Index Printers, Dunstable, Beds. Sole Agents
for Australis and New Zealand --Gordon and (Patch (AfSia) Ltd. South Africa -Central News Agency Ltd. Subscriptions: Inland 212.00, Overseas 2.13.00 per annum payable toIPC Services, rlakflelo House, Perry -
mount Tined, Hayward. Heath, Sussex. Everyday Electronics ie mild subject to the foacwing conditions namely that it shall not, without the written consent of the Publishers first given, be lent, resold. hired eat
or otherwise disposed of by way of Trade at more than the recommended ceiling price shown on cover, and that it shall not be lent, resold, or hired out or otherwise disposed of in a mutilated condition or in
any unauthorised rover by war of Trade, or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever.
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kNec;'sc A SOUND CHOICE 9tIceOr
* PROMPT DELIVERY * PRICES INCLUDE V.A.T. * AMPLE STOCKS

A PERSONAL SERVICE FROM A SMALL EXPANDING COMPANY

STEREO CASSETTE TAPE DECK MODULE.
Comprising of a top panel and tape mechan-
ism coupled to a -record/play back printed
board assembly. Supplied as one complete
unit for horizontal installation into cabinet or
console of own choice. These units are brand
new, ready built and tested.
Features: Three digit tape counter. Auto -
stop. Six piano type keys, record, rewind,
fast forward, play, stop and eject. Automatic
record level control. Main inputs plus

secondary inputs for stereo micrdphones.
Input Sensitivity: 100mV to 2V Input Im-
pedance: 68K. Output level: 400mV to both
left and right hand channels. Output Im-
pedance: 10K. Signal to noise ratio: 45dB.
Wow and flutter: 0.1%. Power Supply re-
quirements: 18V DC at 300mA. Connections:
The left and right hand stereo inputs and
outputs are via individual scri.aned leads, all
terminated with phono plugs (phono sockets
provided). Dimensions: Top panel 51/2in x
11Nin. Clearance required under top panel
2Nin. Supplied complete with circuit dia-
gram and connecting diagram. Attractive
black and silver finish.

O ePrice E213.70 + E2.50 postage and packing.
Supplementary parts for 18V D.C. power
supply (transformer, bridge rectifier and

6 piano type key, smoothing capacitor) £3.
NEW RANGE QUALITY POWER LOUD-
SPEAKERS (15", 12" and 8"). These
loudspeakers are ideal for both hi-fi and
disco applications. Both the 12" and 15"
units have heavy duty die-cast chassis
and aluminium centre domes. All three
units have white speaker cones and are
fitted with attractive cast aluminium
(ground finish) fixing escutcheons.
Specification and Price: -

15" 100 watt R.M.S. Impedance 8ohm
59 oz. magnet, 2" aluminium voice coil.
Resonant Frequency 20Hz. Frequency -
Response to 2.5KHz. Sensitivity 97dB.
Price £32 each. £3.00 Packing and Car-
riage each.

12" 100 watt R.M.S. Impedance 8 ohm, 50 oz. magnet. 2" aluminium voice con
Resonant Frequency 25Hz. Frequency Response to 4KHz. Sensitivity 95dB. Price
E23.70 each. £3.00 Packing and Carriage each.

8" 50 watt R.M.S. Impedance 8 ohm. 20 oz magnet. 1r aluminium
voice coil, Resonant Frequency 40Hz, Frequency Response to 6KHz,
Sensitivity 92dB. Also available with black cone fitted with black metal
protective grill. Price: White cone £890 each. Black cone/grill
£.950 each. P. & P. £1 .25.
PIEZO ELECTRIC TWEETERS - MOTOROLA
Join the Piezo revolution. The low dynamic mass (no voice coil) of a
Piezo tweeter produces an improved transient response with a lower
distortion level than ordinary dynamic tweeters. As a crossover is not
required these units can be added to existing speaker systems of up
to 100 watts (more if 2 put in series). FREE EXPLANATORY LEAFLETS
SUPPLIED WITH EACH TWEETER.

VISA

TYPE 'F'

TYPE 'A' (KSN1.036A) 3" round with protec-
tive wire mesh, ideal for bookshelf and medium
sized Hi-Fi speakers. Price £345 each.
TYPE 'B' (KSN1005A) 35" super horn. For
general purpose speakers, disco and P.A.
systems, etc. Price 84'35 each.
TYPE 'C'(KSN6016A) 2" . 5" wide dispersion
horn. For HI-Fi systems and quality discos,
etc. Price £545 each.
TYPED' (KSN1025A) 2" x 6" wide dispersion
horn. Upper frequency response retained
extending down to mid range (2,000 c/s).
Suitable for Hi-Fi systems and quality discos.'
Price LC NI each.
TYPE 'E' (KSN1038A) 31" horn tweeter with
attractive silver finish trim. Suitable for HI-Fi
monitor systems, etc. Price L4-35 each.
TYPE 'F' (KSN1057A) Cased version of type
'E'. Free standing satellite tweeter. Perfect
add on tweeter for conventional loudspeaker
systems. Price £10.75 each.
U.K. post free (or SAE for Piezo leaflets).

1 K -WATT SLIDE DIMMER
* Controls loads up to 1KW.
* Compact Size 43" 1;" 2-}".
* Easy snap in fixing through panel cabinet cut out.
* Insulated plastic case.
* Full wave control using 8 amp triac.
* Conforms to BS800.
* Suitable for both resistance and inductive loads.

Innumerable applications in industry, the home,
and disco's/theatres, etc.
Price £11 70 each + 50p PAP. (Any quantity.)

1000 MONO DISCO MIXER -
completely built and tested
employing modern I.C. circuitry.
Can be mounted vertical or hori-

zontal into cabinet, console, etc.
Two turntable inputs (ceramic) plus aux. (tape)
and mic. inputs. Headphone monitor socket. Compatible with OMP100 Power Amp. (500mV 0/P ).
Controls: Microphone talk over switch with separate volume, treble and bass.

Three main fader (level) controls with master volume, treble and bass.
Monitor selector switch with monitor level control. Mains On/Off switch.

Smart black finish. Size: 535 x 110 x 60mm. Power requirements: 240V A.C.
Price: £36190 + £2.25 P & P.

MULLARD

V.u.
Meter

SPEAKER KITS

12" 80 mitt R.M.S. loudspeaker.
A superb general purpose twin cone loud-
speaker. 50 oz. magnet. 2" aluminium
voice coil. Rolled surround. Resonant fre-
quency 25Hz. Frequency response to
13KHz. Sensitivity 95dB. Impedance 8ohm.
Attractive blue cone with aluminium
centre dome.
Price 817-10 ea + £3.00 P 6 P.

B.K. ELECTRONICS

B.S.R. P232 TURNTABLE
P232 Turntable * 'S' shaped tone arm
* Belt driven * Aluminium platter
* Cueing lever * 240 volt AC operation (50Hz)
* Cut-out template supplied
* Used as standard by Hi-Fi and Disco
manufacturers
* Fitted with either a magnetic or ceramic
cartridge, please state cartridge required
Price £2250 + £2 50 P & P.

(1111) POWER AMPLIFIER MODULES

100 WATT R.M.S. AND 300 WATT R.M.S.
MODULES
Power Amplifier Modules with Integral toroidal
transformer power supply, and heat sink. Sup-
plied as one complete built and tested unit. Can
be fitted In minutes. An LED Vu meter Is avail-
able as en optional extra.
SPECIFICATION:
Max Output Power:

110 watts R.M.S. (OMP 100)
310 watts R.M.S. (OMP 300)

Loads:Open and short circuit proof. 4-16 ohms
Frequency Response: 20Hz-25KHz ± 3dB.
Sensitivity for Max. Output:
500mV at 10K (OMP 100) IV at 10K (OMP 30X0)
T.H.D.: Less than 0.1%
Supply: 240V 50Hz
Sizes: OMP 100 360 x 115 x 72mm

OMP 300 460 x 153 x 66mm
Prices: OMP 100 £31-50 each + £2.00 P&P

OMP 300 £419011 each + £3.00 P6P
Vu Meter £11-511 each + 50p P&P.

Purposefully designed 40 watt R.M.S. and
30 watt R.M.S. 0 ohm speaker systems
recently developed by MULLARD'S
specialist team in Belgium. Kits comprise
Mullard woofer (V or 5") with foam surround
and aluminium voice soil. Mallard 3" high
power domed tweeter. B.K.E. built and tested
crossover based on Mallard circuit, combining
low loss components, glass fibre board and
recessed loudspeaker terminals. SUPERB
SOUNDS AT LOW COST. Kits supplied in
polystyrene packs complete with Instructions.
8" 40W system -recommended cabinet size
240 216 x 445mm
Price A14-811 each + £2.00 P&P.
5" 30W system -recommended cabinet size
160 x 175 x 295mm.
Price £13-90 each + £1.50 P&P.
Designer approved flat pack cabinet kits,
including grill fabric. Can be finished with iron
on veneer or self adhesive vynil etc.
8" system cabinet kit. £8.00 each + £2.50 P&P.
5" system cabinet kit. £7 00 each + £2.00 P&P.

DEPT E.E.

37 Whitehouse Meadows, Eastwood, Leigh -on -Sea, Essex SS9 5TY
* SAE for current lists. * Official orders welcome. * All prices include VAT. * Mail order only. * All items packed(where

applicable) in special energy absorbing PU foam. Callers welcome by prior appointment, please phone 0702-527572.



Nearly 400 pages of all the most useful
components and a whole big new section
devoted to home computers and personal
software. As always the catalogue keeps you
up-to-date with the latest technology - even
our ordinary miniature resistors are now
superb quality 1% tolerance metal film, yet
they're still only 2p each. As well as our usual
quality products at low prices, now we're
offering quantity discounts too. So pick up a
copy of our catalogue now - it's the biggest
and the best!

Post this coupon now for your copy of our 1983
catalogue, price £1.25 + 25p p&p. If you live outside the
UK send £1.90 or 10 International Reply Coupons.
I enclose £1.50.

Name

Address

Allow 14 days for delivery. FE 11; 82,)
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See us at the UK's new electronics exhibition -
The Electronic Hobbies Fair - at the Alexandra
Pavilion from 18th to 21st November. (Special
bus from Alexandra Palace BR station and FREE
car park in Alexandra Palace park!). The exhibition
covers electronics, computing, amateur radio,
CB, practical hi-fi and radio control modelling.

=Mr

nir.pion
ELECTRONIC SUPPLIES LTD[
P.O. Box 3, Rayleigh, Essex SS6 8LR.
Telephone: Southend (0702) 552911/554155
Shops at:
159-161 King Street, Hammersmith, London W6 Tel: (01) 748 0926
Lynton Square, Perry Barr, Birmingham. Telephone: (021) 356 7292
284 London Road, Westcliff-on-Sea, Essex. Tel: (0702) 554000
All shops closed Mondays


