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el ctroratze ELECTRONIC IGNITION
KITS OR READY BUILT

IS YOUR CAR
AS GOOD AS

1T COULD BE ?
* Is it EASY TO START in the cold and the damp? Total Energy

Discharge will give the most powerful spark and maintain full
output even with a near flat battery.

* Is it ECONOMICAL or does it "go off" between services as
the ignition performance deteriorates? Total Energy Discharge
gives much more output and maintains it from service to
service.

* Has it PEAK PERFORMANCE or is it flat at high and low revs.
where the ignition output is marginal? Total Energy Discharge
gives a more powerful spark from idle to the engines max.
(even with 8 cylinders).

* Is the PERFORMANCE SMOOTH.The more powerful spark
of Total Energy Discharge eliminates the 'near misfires'whilst
an electronic filter smooths out the effects of contact bounce
etc.

* Do the PLUGS and POINTS always need changing to bring
the engine back to its best. Total Energy Discharge eliminates
contact arcing and erosion by removing the heavy electrical
load. The timing stays "spot on" and the contact condition
doesn't affect the performance either. Larger plug gaps can be

system.

Most NEW CARS already have ELECTRONIC IGNITION.
Update YOUR CAR with the most powerful system on the
market - 31/2 times more spark power than inductive systems -
3 1/2 times the spark power of ordinary capacitive systems, 3
times the spark duration.

Total Energy Discharge also features:
EASY FITTING, STANDARD/ ELECTRONIC CHANGEOVER
SWITCH, LED STATIC TIMING LIGHT, LOW RADIO
INTERFERENCE, CORRECT SPARK POLARITY and
DESIGNED IN RELIABILITY.

* IN KIT FORM it provides a top performance systemat less than
half the price of competing ready built units. The kit includes:
pre -drilled fibreglass PCB, pre -wound and varnished ferrite
transformer, high quality 2uF discharge capacitor, case, easy
to follow instructions, solder and everything needed to build
and fit to your car. All you need is a soldering iron and a few
basic tools.

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

OPERATES ALL VOLTAGE IMPULSE TACHOMETERS:
(Older current impulse types need an adaptor).

STANDARD CAR KIT £15.90
Assembled and Tested £26.70

TWIN OUTPUT KIT £24.55
For Motor Cycles and Cars with twin ignition systems

Assembled and Tested £36.45

PLUS
P. Et P.

£1 (U.K.)

Prices
include
VAT

NSA
M=Mi

Flu, I .11 Vcrm

ELECTRON1ZE DESIGN
Dept. C  Magnus Rd  Wilnecote

Tamworth B77 5BY
tel: 0827 281000

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 fuel 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 20000S 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, mediun, 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 31/2 times the spark energy and 3 times the
spark duration of ordinar; 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. Cor tact wear is almost eliminated by reducing
the contact breaker current to a low level - just sufficient to
keep the contacts clean.

TYPICAL SPECIFICATION

SPARK POWER (Peak)
SPARK ENERGY
STORED ENERGY
SPARK DURATION
OUTPUT VOLTAGE (Load 50pF,
equivalent to clean plugs)
OUTPUT VOLTAGE (Load 50pF
+ 500k, equivalent to dirty plugs)

VOLTAGE RISE TIME TO 20kV
(Load 50pF)

Total Ordinary
Energy Capacitive

Discharge Discharge
140W 90W
36mJ 10mJ

135mJ 65mJ
500uS 160uS

38kV 26kV

26kV 17kV

25uS 30uS

TOTAL ENERGY DISCHARGE should not be confused with
low power inductive systems or hybrid so called reactive
systems.
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ALL THE 'USUAL' BITS /Cd1
(Rs, Cs, Tr's, ICs etc) at all good
+ ALL THE newsagents
TRICKY BITS or direct

* TOKO COILS, INDUCTORS, LC FILTERS
* PCM FILTERS, VHF/UHF HELICAL FILTERS
* UNELCO CAPACITORS
* PCI INTELLIGENT LCD MODULES
* TOKO SWITCHES : F SERIES/R7000 SERIES
* ALPS POTENTIOMETERS AND

KEYSWITCHES
* TOYO-TSUSHO COAX RELAYS FOR TX/RX
* CRYSTAL FILTERS, CERAMIC FILTERS
* WELLER SOLDERING IRONS
* COOPER TOOLS
* TEST EQUIPMENT
* BOOKS, MANUFACTURERS' HANDBOOKS
* HARDWARE, CASES, PANELWARE, ETC.
* MODULES, R&EW KITS
* RF POWER DEVICES

-1
ORDERS SUBMITTED USING STOCKCODES
DESPATCHED WITHIN 8 WORKING HOURS

* PHONE ORDER SERVICE - (NO MACHINES!)
PLEASE NOTE OUR NEW PHONE SYSTEM AUTOMATICALLY STACKS CALLS
IN ORDER 01 ARRIVAL SO PLEASE WAIT II NOT ANSWI RI I) IMMI. DIAT1 L 1

8 AM - 7 PM MON - SAT
0277 230909

* COMPUTER ORDER SERVICE - `REWTEL'
6 PM -9 AM 300 BAUD/RS232

(IT MAY BE 24 HRS BY THE TIME YOU READ THIS)

0277 230959

-ambit

. 200,NORTH SERVICE ROAD=
BRENTWOOD ESSEX

CM14 4SG

INTERNATIONAL -.-- TII:C1.951V4=°9r

TWO FABULOUS OFFERS FROM

TESTER 20
20ki2/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 0 2% a.c. 3% (of f.s.d.)
40 ranges: d.c. V 100mV, 1 OV, 3 OV. 10V, 30V, 100V, 300V, 1000V.

d.c. 1504A, 1004A, 300,A, 1 OmA, 3mA, 10mA, 30mA,
100mA, 1A, 10A.
a.c. V 10V, 30V, 100V, 300V, 1000V.
a.c. I 3mA, 10mA, 30mA, 100mA, 1 OA, 10A.
0 0-5.0k0, 0-50k01, 0-500k0, 5M0, 50M0.
dB from -10 to +61 in 5 ranges.

Dimensions: 105 130 40mm.

TESTER 50
39 ranges
50Ic2 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: 50k0 V, a.c. and d.c.
39 ranges: d.c. V 150mV, 1V, 3V, 10V, 30V, 100V, 300V, 1000V;

d.c. I 20i4A, 100AA, 3000A, 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, 500k0, 5M0, 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:

Instruments Ltd.
19 MULBERRY WALK  LONDON SW3 60Z  TEL 01.352 1897  TELEX 918867

2 Everyday Electronics, January 1983
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203251 24
263439 90
163440 Pp

AC
AC151
AC153

49,
''P44
559

BC5588
EIC558C

160
17p 
15p

M.115015
61J15016
MJE340

2.46
3.34
530

,65,76 gg,,
165400 12p

7001022 4.0
70111024 1.19
10A2610 3.90

4.9 VP
4050 Vo
4051 no

7473
7474
7475

364
Megip

7416113
7415114
7415122

220
220
3442 5 Watt

TANTALUM
READS

1/35V 17p
12/35V 170

100 40 221
100 63 261
100 100 30p
no 10 1119

TCH RESIST
rrrr PERS

Tlyn Ines
Thes5 sees

263441 1.25
763442 1 36
263442 1.85
763444 1.70

AC153K
ACI76
AC17611
ACIO7

646
270
P0
250

8(559
8C5590
BC559C
BC560
BC560C

14
170141E2955
32p
M.

I

MJE350

I MJE3055

1 50
930
63p

165401 13p
165402 14p
1145403 161
165404 144

024 Series
7.5.750 1.10

7

NEW OPTO
DEVICES

TO426114 260
044170 1.61
U.4180 181)
0162003 169

4042 9P
4055
4004 PP

4055
79p
13o

1476
7480
7081
7482

390
44,
1,19
546

7416123
7415124
7415125
7411126

lao
896
249
259

33/35V 170
47/35V 170

no 16 176
no 25 224

Thin bends
Th.cir bends

263445 1 90
253446 8-6e

AC18714

eCree
asp
nr°

scy70 150
141THMPS410

MP5405
MP5406

24
25p

165405 17p
165406 199

UPC675C2 2.15
UPC1156 175

.-.- ..--
4.0.5i

No
4.35

7483
7484

360
eg.

7416132
7416136

36p
Hp60 .

68/ 35V 17P
1 0/35V lin
2 2/16V 17p

no 40 ?Sp
no 63 3187
220 100

Dm nds
Trangslor

263447 5 72
.

263468 100

AC188K
ACV17
40239

Pp
70p,eI'"

80,71
9(072

-

1313131

14
440

' MP5412
MPSA13
MPSA 14

250
211p

480
46p

105407 14
105408 209
165024 5211

,,"."L...woes
A , w,
G= prnn

002206 2.92
V4410 201.
26419 2.25

40, 42p
4063
4066

760
229

7485
7486
7489

se.
34,
120

7413138
79.0139
7416145

320
30p
70p

2 2/ 350 np re is ift 001, . poppy 203512 1 04 4F240 1 00 80132 440
400 MP5416 300

165625 Pp
165626 120

y . 4,k,u, ZN1034 1.1/ 4067 2 IS 7090 206 7415147 1.57
3.3/35V 220
4 7/16V 229

34 25 24
330 63 pp 0 I' edge conspAct. 22031_1,3 42.0

/5,111 ..."
1102798
AF279G

710
750

80136
40 136 40, MPSA18 64 165627 Pp

L 41 ma''''' ' 'r.
1 5°

161040 66
27021 890

4068
4 06,

140
13p

7491
7492

0,,,,
ap

7415148
7415151

PP
35p

4 7/35V 249
4 81250 2114

4. 16 no
470 25 2. no .e..1 of

ggp
3134

1115,6i114 370
., ,..gp-AU110 3".2.2u

10137
80138

420
3703.

MP5420
MPS441
MPS443

48p
499
94

1544 100
84102 259

25P050

R50 7p
G50 16p /2P

ZT K33 119p -- 136
4071 14

7493
7494

00.
340

741.3151
7415154

asp
7901-------.).

68/350 219
10/16V 250

470 40 331
470 63 44

el 0 13 them
3 00

253694 300
253702 100

40113
8C107

2.20
50,35
go,.. 3k, MPS455

MPS456
289
300

BA115
BA133 40p

I 12SP P
Small P.RuseRI

1E102 7.00
2650A 11.1/

4072 13p
4073 139

7495
7496

...
404

7415155
7415156

299
36p

10 1 350 349
15/100 220
15,160 308
15/250 320

470 100 409
1000 16 XV
low 25 380
,030 10 454

HOTO
SENS-111W 10:.
19 Class Epoxy

G,444 co, 04,,,,,

253703 100

2.,..6,3,7A4D4 .1,4. ''"'' tip
2613706 10p

5(107118C10782.74
BC1051
BC1084

110

100
120

:gE15
8023911

8°233"

1 ft,
..,
520..-

495465
MPS466
MPSA70
MP54.92

Cop
470
44
34

04138 201
94142 200
80144 110
BAI55 15p

R2D 81, 6p
020 12p 10P
Y20 12 101,
ti,,c -o
-- - --.° 0 I

6502
POO

3.24

6802 2.0168094078
4075 139
4076 450
4077 130

1

7497
74100
74104
74106

up
ak,
600
104

7416157
7415156
7415160
7415161

270
394
360
369

22/6 3V 260
22/16V 320

1030 63 16p
noo 15 40p

.0.,,,,, ,04,,
nr,yrng Enyon

203707 10p
203708 PP

5c,055
BC108C

12,,

140

1302404

r,g3:7,c,
591

7.t
mpg.
MP5L01 410

,s, ne1g:

''''
RID 266

;,,P 2;
3.41

0'90 11.10
4081 1994

4082 128

74107
-74109

24,,. 7415162
7415163

NO
Sp

33,100 300
47/63V 439
100/3v 379

3200 25 8.30
2200 40 700
2200 63 1340

. UV
Single...Mod
100 , 160 355

2113709 14
203710 10p
263711 14

BC109sc,055
BC109C

"P
P

12p

B0241C
411302 A

417,,

614
MPSL51
MPSUOI
54PSUO4

481
140
1 32

84158
80159 32n

401

.?.,,g

b.,. ctsa,
85C 120100

80804 2.71
90854 3.41
0900 67.76

4085 461
4086 5311
4089 1 50

74110
74116
74118

-r
350
Klp

.7415164
7411165
7415168

409
504
MP

Fmrithrough
Cepsodor

10000; 630V 7P

Fully nrlosed

0700 16 719
4700 25 Iro

Win a C.able
P.... per "'Pro

Solid 14000 OP

100  220 1.90
203 114 yoo
233  210 3.19
Double sided
100 160 1.16

263712 2.00
263713 1.31
263714 2.111,,,
2'132'5 ".
253716 3.10
263819 214

BC140
8(141
BC142
8C143
BC147

30._.,
.4524
30
100

80242C
80243A
80243(
1302 44A
610244C
80245A

709
72p
656
820

1. 88
1.14

MPSUO5
MPSUO6
MPSUO7
MPSU5I
MPSU65

550
510
74_
4140_

11011

RA18220 180
8A202 160
011316 251
81317 20
011318 300
BAVIO 1M

G5C 17p 13p
Y5C 170 14
SuPer.qm
Large 1100
time...gm/Kt
050 31%, 210

9980 21.00
SCMP I 17.1S
Z804 116

LOGIC IC.
including

4093 ZOP
4054 OP
4095

111P
4096 PP
4097 2.4

74119
74120
74121
74122
74123

6.
go.
gp4
-...

44_

4,seer

7415169
7415170
7410173
7415174
7415175

Pp
700
GM
469
709

PlItor Privmts
E 3 Swim
10011 1011.4

mire
An"W..'
Morns  Spa...,

100 220 2.15
._ 203 114 221
e0 233 220 4.N

Dissolopor 101

263820 310

2110821 1.44
243822 ap

8C147116, -,go.
""  - -8C147C4m,,

10p,o,
-.."
200, B0245C

002464
80246C
BC/249A

1.30
1.20
1.50
2.00

MPSIIN
MPSU57
0(20
0C22

5111
1.20
2.30
2.00

BIM, 154
011020 15p
86949 164

050 40 30
Y5U 424 34.
PP401001

COMPUTER...Donor--  - - 
A0001300 2210
ADC01316 1410

4098 749
4099 KV

For nighor
numbners in 40

74126
74126
74128

...""

..9
35P
'SP.._

7415181
7415183
7411190
3410191

flip
1.71
09
30

Min, VIII 10
Mini Mora 10
Standard Vert

Cablo nwtrel
Twin I amp 149
Twin 2Yr

nn.5005 'PP '
0,,Pe

...urn

243823 NV
2631324 1.711

253550 - ut
II,- i.5 A- - --8C14813
9[148C

...,.,.'.

"'"
139
130

00249C
002504

2.31
2,11

0(23
0(25

2.00
210

BAX13 10
011X16 11p87126 2047411194114.

RGY8 Pp 750 01317 10.01:Fg2......
aro 5.90

IC47555 alp

Seri. 111/1741111174
.

74C for 40

74132
741 36
74,41

1...._t 7415192
7415193

240
37P
321

17p
Standard Mori/

UP

amplIka
3 Core 2,, am0

'IP
3 2,': 1.r-,;,:. 31P

,.,,,,t,'°,..."' , go-- - - -
PALO ETCH

263891
26313774 jr
263902 11.115

263903 ".411

8C149 .
:1,!,:E
8CI52.

,..
i2o-'"

13",,

350

EID250C
00437
80438
130439

3.44
gig,
81p
1p40(41

0(28
0(29
0(35

1.70
2.35"
"P

80127 224
87134 52,
071821.28
STIPA 64

LINEAR Its
AN103 2.20
401.0212 6.10
403.0215 7.0

1651671 20.00

.

1025131-C,, 51/

prefix ep
40107 = 74(107

cmos

74142
71113
74114
74145

1.1126
2.10An.

'gig..
,,, o ,oa-`'.`
74/5197
7411221

32p,

417'
419
60P

,,,,,t. -4.
4503

1507
.434
--'"

4508 11

4510 NC

Thurnbwheel or
'4 Spindle for
Standard Pre

go"r. only -r"

a P.pSolid Multicons1
4 Core 331

RESIST PEN
906

. 'W.'s' '
ANTEX

263904 'PP
253905 154
203906 15o
254030 649

BC1534.,-,
p",-.`rr.
i46iijo

23p,,i.:
1i:

SEL4'?
80442
00529

:1
90
1.20

0(44
0[70
0(71

74
,,,,,,,I2P

go."-."

1-
500

87.8 34
137207 369
07223 1.55
87297 160

W/1.1320 2.zop0
4"'"5° -"se
P.,n,I4Ar22,g

5.307.A '''' ."

SA 50000( 'IP
SAA5000 3.00
5445010 7.10
SAA5012 7.10
SAA5020 10

74141
74150

71153

op...
--T4o_

""....

7415240
7410241
7415242
7415243

554
560
569
569

cno era COMO

Pre...... D.P.D.D.
Radial Long

Leads
10n0. 15nF.
22nF 33n0
4700. 680F.
100I1F le

8 Core NIP
12 Core 440
50 Core 1.37

Scr0nod Cable.
Single ,,,,,
Stereo 24
Mini &nips 129
Miro Storm, isp

SOLDERING
IRONS
(14011 SWI 1.50 44
X25125W) ''-
eon stand 1.85
C240 Element , gg

'X25 Elernen1 216

161031 644
254032 150
2114036 589
264037 434
254239 1 00
2144240 100
164347 2 26
264351 1 16

159

BC1578
8C158
8C1584
8(1588
SP,Z:A
BC1590,,g4B C

s:lb
100
10
....

11"",i;
13p
, 80

130530
80535
8D536
80537
80538
80539
80539C
130540

1.30
755
769
Pp
Np
Pp
1.10
11154sip

002
OCE12
0082D
0(83
TI0284
TI,P29C
T 9304
TIP30C
TIP314

"P70674.
-r"

32o
360
350
Pp
pp

87299 56,,

472361 1 40
0410 /Op
0447 200
0090 uss
0119100. 109

20p
04200 100

1173.8912 6.M
CA30443 2.911

CA3049 3.21

CA3059 2.10
CA3060 808
CA3090AG 170
043130E Pp
CA313177

g... 9.
sAA5040 pa:00

SAA5041 15.00
SAA5050 1.50
SAA5052 8.2
TN456011 3.
8726 1 Jo

',,,812

4511 416
4612 33°
4114 1.11
4515 1.,7.,. .,
4518

3315
4519
4520 "'re

;41:45
74106
74157

71;r0
M161

44_`...

...."..

,,,_
erre
3111

'49
OP4k,
48,

7410244
7415245
7415247
7415148
7415249
7415251
7415253
7415257

600
706
50p
56p
559
XV
320
ZP

150RF, 220.4 .
114

330nF. 470nF1419

 Core 4 Screens
44,

4 Core I Screen

P. D24
No215.6911 164

Ne3 D"P`D "P

254400
254401 270
264401 209
264403 300

BC1604A-,5,
5C167

42p
4

--"lop

5,540,
130675
BD676Bo.77

72p
77py.

TIP3 I C
TIP324
TIP32C

39
34v
PP

00202 20p-- 1.43140E
w

CA31407 Mp
1441366W 2.40

' .-
:1197 113:

811595 Pp

4511
4526 ..441P'

.....-
'PP

;:r16263
74164
74165

401lip
4.,

7415258
7415259
7411261

369
54
1 36DIALS

6800. 16F 249
1 509, 2201 44p

.
Vorolmord 0.1

CoPM.r Clad25.375 74
2 5 . 5 SOP

6,
8 Core 14
12 Core 1104

No6 I WM 15p
Bits X215 a
Z2r, 1,,,,,s"2,;') ,.....-
'" "-`"" 'P..'

2N4409 34
264410 42n
2144427 79180712
2144440 12.68
264870 110

:P,E:
ec,6,3
61C16813
13C1138C
81169
8C1698

.11LP

,k,
lop
104
top--"04

50675
130711

00014
EIDX18
BD/432

Hp
1.32
1.32
1.0

.

1 59
.3 gy

71P334
TIP33C
TIP34/1
TIP34C
TIP354
T1P35C

7Op
744
Up
1.09
1.2S

8R100 401
ST2 ,r...

-9"
0413138 2.54
lC/110 3 20
LC7130 3:20
LF351

..,_41PLF353 .-u
LF355 13p

811696 1.20
59

:40-7 700
P213

8522" 5..
6532

4 ,A
".-

45264

1532
.847

It
4"4 .-
4536 2 5119
4538 Km
4539 ..._.9

74166
74170
74172
54123

74174
74175

414
1.25
L76
pep

54,pn
-,TA

7415266
7415273
7415275
7415279
/41 s7en
7415283

186
500
2.25

34
1 GO

40o

THYRISTORS
4. 8 A 12 Amp.

70220u .S 11' A 1000A.,, Cobb
6152 huge) 10
SOLDER 126gms
15 7.16

3 754  3 15 A...PP

3 ''' ' ""''2 5 17 290
3 75 . 17 3.30
4 79 17 AM

5013 RGSSA 34
7521 UHF 310
7507 VHF 211/,,,,,,, ,, .._
-ner14 r I.1 re.

5.5
22 PPP 3'"

VALVES
079987/802

1.31

2.800 ii;
254898 1..
264901 1.0
254902 3 52
2114903 3 24

BC 1890

5,T,777.
w,,,,,,
NE,y4

10.

21.0
219
14,

00,64
rig:
;,,;,,,.

1.11
175tie
5 25
4 *

TIP364
T1P36C
T1P41,4
TIP4IC
TIP424

1.211

1.3.
44
56p
510

13 - 2000
c , 300V
D - 4000
4  600V

TIC106. 40

19356
?20,...

LF357 --143480 162p

11413495 1.16...,aint -4-7,

8155
9.12

3.8C

ZBOACTC 215
280ADART ON-
7/PADUA 10.41.5
ZIPAPIO 2.61

4543..,. ".1.

a--
2 39

'5' MP
NM
4510
4666 1

74176

74178
4180

. .

74181)

3

44,,,

MP...
.-,4
'

74152139
7415290
7415293
7415295
796298
7415299

4 70
64
409
1109
Pp
250

Rainbow
Ribbon Cable

10 Way 49
24 w4, 1610

ECC82 1.22
ECC83 1.22
ECG* 1.22
0E86 1.193

0134 2.09

VO Board 1.50
Dr Board8.4" InTract Cutter 1.15
Pin o.,pr1or 1 59
100 Pons 50

264904 2.75
264905 3 21
264906 3 42
264907 3 20
264908 3 70

8C17134
BC17811
8C179
SC1794
0C1970

24p
25p
100
25p
214

8F194
BF195
BF196
8E197
8f198

12p
12p
12p
92
150

TIP42C
11P49
TIP50
T1P53
TIP54

1512

1.20
1.40
1.67
1.60

TICUPB 470
TICIONt 410-- ..._---

4 TIC1060 oW
TIC10661610

LM3800114 70
10138058 1.50
16438146 2.26
14381N 1.40

2042508 3.3/
VOLTAGE

REGULATORS

4569 1..
'PP up
4585 719

MEMORIES

74182
74114

;::::
,,.....--

...,-"r
pp."'(a'
, 44

741.5323
2415324
7415325
7415326

1 70
1 46
2 n
2 a- Penh.. -

l(NknAVerobloc 3 70
Viwo Wiring

Pen  Spool 100

.0 ,2,
1,  -st

POWERFET
AMP MODULES

EL84 2.50
KT66 10 75
K TN 12.0

254909 2 90
104918 959
264919 1.28

8C179C
BC182
BC182.4

no
14
14

BF199
0E200
10224J

lip
1.4
34

TIP110
TIP112
7IP115

741
OOP

SIP

TIC1164 ilsp
1

TIC1 6B Pp
86 TiC116C 71,

1111382N 1.12
1143831 3.40
1M3845 1 40

.

74188

71190
24192

.4.4";
-""P44
460

741.5327
7415347
7415348

Ill
960
1.00

781054 30p
7811211 30p 2101 4.09

2102412
5094t Spool 72p
Combs SP

FROM
PANTECHN.0

PC900 1.76
PCC84 3.00
PCC85 3.40

344920 1 34
2144921 KV
204922 614

0082B-
(N1811

139
10p

8F2253
80240

360
34

T1P117
TIPI20

PM
689

71C1160 7M..._TIC11664 ow

I.M386141
1.4386N4 1.20
1,43085 2.43

781154 30A

781244 30.
1 Arno Tone

1.36
2111-1 3.00
2114 1200ns/801

74193

;V" 4,49. 170411Z23

741S362
71:

725
BOOK S1no VAT iPCC89
iPosl any 0rrces.
Towers

now itiwepple
from LONDON.

PFA /CO 16.00

1.91
PCF86 2.30
PCF201 100

261923 909
205086 34
265087 39p

0C182LA
BC182113
BC183
0C1834

14
149
14
Ilp

80241
802444
8F24413
8F2454

ok,
Mp
310
314

TIP122
TIP125
TIP127
T1P130

7302531
1.20
1.27
1.50

TIC 126A 7M
TIC126B no
TIC126C 739

660 1 70
LM3919180 1 93
L1472304 1.21

78051 316
78121 no
78157 31,,

3..
2708 2.26
27161501 2.11.,..

195

.,74,L96,
'....,
74198

..,--"

..._"".

""""

7415365
7415366
7416367

290
211,
Ho

Transistor
Manual ilibblel

10 SO
TTL 0.10 195
Data conversron

4 50

PFA 200 22.56
10000 rnF BOV

4.10

ICE

pcF801 257
PCF802 2.11
pC1,82 1.90
PCL85 210
PCL86 2.10

_
205088 420
205089 379
205190 Pp
205191 700
265193 No

0(1830
BCI83C
13(1831
8C1/1314
8C18318

Hp
130
10p
13p
130

11F245E1
00246
802464
8F24613
002414

519
50
300
Pp
54p

T1P132
TIP135
TIP,37
TIP140
TIP142

1.60
1.0
1116
1.01
1.06

TIC1260 74
TIC1266 946
TR1ACS

r 4e°V
70220 Case

3CN 40o.
,1,177225,,., , jo
j..9.0.05 -C6 3 19

4733 69P
L4741C11 969
111741CN 15p

78247 35,
N...._.

iootow,"-F- -

79105 .W55,,
79122 5k,
71115

4027
4044 i4,,,
4060 5..
41161200nel 7644118.371H00
4184 410

ws_""P24199 .....74221 53p

7114 TEL
1.45

741401 1.45

7410368
74L5373
14153713
7415386
741.5390
741S393

HP
590
560
1 14

460
4.2p

Volt Reg Data
3 94

Inter face Data
3 95

Memo, app.
4.95

MULTI-mom
Pc/ow 80

fate
Sive/test 68011

PCI.805 2.20
P0510 4.%
PFL200

299PL500 2.
PL503 2 36
elige 7 7

01802 4.17

265194 790
2N5209 74
155245 30
265246 NO
265247 40
2552413 444,
255249 484

BC11131C
8(184
4(1.348
8C184C
BC1841.
0(194LEI
BC1841C

149
10p
124
14
100
139
10

802478
89254

0F25513564
BF25613
8F256C
210257

Sp
3111
42p
Pp
Pp
Up

TIP145
TIP117
TIP2955
TIP3055
71043
71545
7 1046

1.18
111
774
70p
400

"9660

TIC2062314411119
TIC -225016A1740
TIC.2260180 MP
TIC236011241

1.11
TIC246011641

L647410414 800
L1.17417CN 690
LM748CH 1.00
L474804 34
11.413030 1.20
141304N 2.50

op
,Amp 10220

7905T
4479121

79157 44"P

79247 444,

ZERO

5204 7.66
940

:VI: on
6810 1.11
7489 on
74189 4.07

74004
74H05
741410
741111
741420
7/H21

196
1.55
1.46
1A16
1.45
1.45

7415395
7415396
7410398
741.5399
7415445
7416490

ma
1 90
270
1 SP

99
2.20

Amite Radio
1105 4 50

122.00 PV88 132
PT5004 2.113

2115266 2.46
265293 90

8(186
0C187

NO
149

BF258
80259

3130

32p 71547 4IP
1.72

M253012041
Lm13056 3.10
LM130714 2.75

INSERTION
DIL SOCKETS

7410289 3.29-
7416188 2.24

741430
7414 40

1.45
1. 56

7415540
74 11.550

1.60
No

Specie. 1 o.n.o.,
handbook 3.55

Pocket Size
Multimeter

616 2 se
527 259

265294 1.211
265295 1.37

RC207
8C208

73,
190

TIS884 620 160'm 111413106 1.45
uM13306 2  25

240. as,
402630(250) rro

505
7415217 36
7416288 2.2 1974/453

74161 1.76
1.65

7415640
74101141

1 n
1 as65

06 2 59 141,2.m 90 2.11 74H54 1.46
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HOME LIGHTING KITS
These kits contain all net:ease. y components and full
instructions & are designed to replace a standard wail
switch and control up to 300w of lighting

TOR300K Remote Control £14.30
Dimmer

MK6 Transmitter for above 4.20
TD300K Touchdirnmer £ 7.00

TDEIK Extension kit for 2 -way
switching for TD300K L 2.00

D300K Rotary Controlled £3.50 0Dimmer

r DVM/ULTRA SENSITIVE
THERMOMETER KIT

This new design is based on the
ICL7126 (a lower power version of
the ICL7106 chip) and a 31, 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 C to+150'C
reading to 0.1°C. The basic kit has a sensitivity o
200mV for a full scale reading, automatic polarity in
dication and an 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

fl

Price £15.50

0e"

r DISCO LIGHTING KITS
DL 1000K
This value -for -money kit
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
DLZ100K
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

013000K
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

mains supply & lamps.
(1Kw/Channel) Only £11.95 A

AM

1

Add 55p postage & packing +15% VAT to total.
Overseas Customers,

Add 12.50 (Europel. EIS 00 (elsewhere) for p&p.
Send 5.A E for further STOCK DETAILS.
Goods by return subteo to

OPEN 9am to 5pm (Mon to Fril
roam to 4pm (Sat)

tree epatn

UXINUOCII NOM

pcx

0

SHORT FORM CATALOGUE - send SAE
(6" x 9"). We also stock Vero, Books,
Resistors, Capacitors, Semi -Conductors etc.

FAST SERVICE  TOP QUALITY. LOW LOW PRICES

TK
No circuit is complete without a call to

ELECTRONICS
11 Boston Road
London W7 3SJ

TEL 01-567 8910 ORDERS
01-579 9794 ENQUIRIES
01-579 2842 TECHNICAL
AFTER 3PM

ALL PRICES

CHRISTMAS
PRESENTS GALORE

 ft

deiVIISMar

LIGHT DIMMER KIT

Contains all coif
nents, including front

panel and knob,
ormake a dimmer for

lights up to 300W.
£3.50

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 MULTIMETER'
16 ranges including

DC voltage 1200 my 1000vl and AC voltage,
DC current 1200 rriA10 Aiand resistance (0-2 Ml

+ NPN & PNP transistorgain and diode check. Input impedance
TOMSize 155x89x31

mm. Requires PP3 9v battery.Test leads included
ONLY £29 00

a

STOCKING FILLERS
PACK (1) 650 Resistors 47 ohm to 10 Mohm - 10 per value £4.00
PACK (2) 40 x 1 6V 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

EXCLUDE VAT

11-l0000 -00000V 14

BIG NEWS
FOR

SMALL CONSTRUCTORS
The Grenson Group's new mail order division,
EMOS Limited, is now able to offer the best
component prices in the business. And no order is
too small to receive first-class attention. Our
stocks are large, our inventory and location
systems are computer -controlled, and our aim is
to provide the fastest, most efficient component
supply service in the UK.

Send a large sae for our comprehensive catalogue,
or watch for our detailed stock ads in future
issues.

huge stocks of: transistors - electrolytics - resistors
- ICs - voltage regulators - psu components - kits
-and all at terrific prices.

Whatever you need - try EMOS first.

Dept. Al, High March, Daventry,
Northamptonshire NN11 4HQ

Tel: 03272 5523
Telex: 311245 GRENEL G.

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

01-622 9911 I
London SW8 4UJ (All Hours)

I MI MN 1.11 MI In in IM Ell MI 
I C B

t SchoolsC
68

of Electronics
Road.
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BOXES High quality Black ABS plastic or diecast plain or
stove grey

L W 0 ABS PLAIN STOVE GREY
.......to

50 50 25 - 5001P 906 5001 1236 "...... .....
100 60 25 2002 95p 5002P 1176 5002 154p

109p 5003P 144 5003 184 annAil -....,

ELEcTR
FOR SERVICE YOU

FOR SERVICE, QUALITY

IVIORE IC SUPER

A
CAN TRUST
AND VALUE

SAVERS

UE
CAPACITORS

--1ZPOLYSTYRENE, SIEMENS
5% Tolerance 160V
5, 7. 10, 12. 15, 18. 22, 27, 33. 39pF 156; 47. 56. 68. 82. 100, 120. 150.
180. 220, 270. 330, 390. 470. 560. 680. 820pF, In. 1n2. 1n5. la. 2n2.
2n7. 3n3, 3,9, 401 10p; 5n8. 6,8, 8n2. 10n 13p.

CERAMIC Very small I 8. 2.2 2.7 etc. up to In 66 sada In5. 2n2, 3n3. 4n7,
6n8 5p; 10n. 22n, 56: 33n. 47n 7p; 100n 1p.

POLYESTER. SIEMENS LAYER TYPE 7 5mm lead spacing 100V
In, 1n5, 2n2, 3n3 56; 4n1. 6n8. Bn2. 10n, 12n, 15n. 18n, 22n, 27n. 33n.
39n. 47n 7p; 56n. 68n 76; 82n. 100n 116; I2017, 150n 11p; 180n, 220n 12p;
270n, 330n, 390n, 470n 156; 560n, 680n 24. 10mrn 00. II9 1pF 256.
15mm spacing 412 356. 21 5mm sparing 10 400V 566; 3.30 100V 586.
In-depth stocks

ELECTROLYTICS
NON -polar (for LS X-overs) 50V peak 20 26p: 40 26p; 6. 8. 10, 160 32p:
251E 776; 60.601E 54; 1000 614.
POLARISED SIEMENS el MULLARD FOR QUALITY luFNI 1/63. 2.2/63,
41/63, 68/40. 10/25, 22/10 pp. 10p; 10/40. 22/25. 47/10 14; 47/25
12p; 100/10 13p; 10/03. 22/40. 100/16 146. 22/63, 47/40. 100/25. 100/40
14: 220/10, 220/16 lip; 220/25 186; 220/4.0 24; 470/10, 470/16, 470/25,
1000/10 14; 470/40, 1000/16 27p; 1000/25 Hp; 1000/40. 2200/16 44p;
1000/63 7/4; 2200/40. 4700/16 74.
PLUGGABLE SIEMENS single ended

2.2/63. 4 7163 14; 10/63. 22/63 1p; 22/40. 47/16 10p; 47/40 14;
47/63 10%100/16. 100/25 10p; 100/40 10p; 100/63 20p. 220/10. 220/16.
220/25 1 ; 470/6.3 14; 470/10 16.; 470/16 16.: 470/25.22p; 470/40 24;
1000/10 22p; 1000/16 24p; 1000/25 40p.
LARGE CANS - SIEMENS
2200,63 41.77; 4700/40 41.75 4700;63 42.116: 4700/100 45.64; 10000/16
41.93; 10000/25 42.78; 22000/16 43.20; 22000/25 44.73.
TANTALUM
01'35, 0.22/35, 0.41/35. 1/35, 2.2/16. se 14; 2. /35. 4.7/16. 10/6.3 166:
4.7/35. 10/16. 22/6.3, 10/25 14; 22/16, 22/25. 33/10, 47/6.3. 100/3 314.
LOW LEAKAGE All single ended
0 1/50, 0.22/50. 0.47/50. 4 7/35 11p; 1/50. 2.2/50. 4.7 50, ss. 11p; 10/16, 22/6,
11p-' 10/35, 22/10, 22/16. 22/35. 47/5 47/10 126; 47/16, 100/6 126.

113 63 31 2003
121 66 40 2004 115p 5004P 164 5004 210p

1

5005P 5005 2686152 82 50 2005 134p 214
192 113 61 2006 235p 5006P 314 5006 401p

VERO RANGE Plastic Boxes
L W 0 '6' RANGE Professional Instrument Cases

72 47 25 21024 516 134 90 44 21069 47.288
120 50 35 21390 138 224 140 64 21090 411.0214
180 110 55 21391 151p 302 170 84 21091 414.96N

ALL PRICES SHOWN ARE NET ANO IN PENCE

7400 74791 36 741551 14 7415221 51 4020 42

7400 11
7401 II
1402 12
1403 12
7404 13
7405 15
1406 20
7407 20
7408 14
7409 14
7410 14
7413 18
7414 20
7420 15

11:g ',/,

7442 32
1443 60
7404 60
7447 36

7492 25
7493 25
7494 35
7495 35
7496 44
74100 30
74104 46
74107 22
74121 24
74123 40
74125 34
74126 33
14141 51

74151 40

1744T N
74156 40
74157 50
74190 48
74197 48

741573 18
741574 18
741575 22
741576 19
741585 48
741.586 20
741090 27
741592 32
741593 24
7415107 40
7410112 22
1415123 38
1415125 29
7415126 27

j2j]l 121:
7415137110
741.5138 30
7415139 35
/415145 70

741S240 55
7415241 55
7415242 75
7415243 75
7415244 60
7415245 85
741.5251 55
7415253 43
741.5257 35
7410259 64
7415266 28
7415273 60
7415279 40
7410299250
;21 34i
7415373 84
7415374 68
7415378 60
7415393 60

4021 40
4022 35
4023 14
4024 32
4025 14

4026 80
4027 20
4028 39
4029 45
4030 16
4041 44
4042 40
4043 40
4044 40
4046o

23
4050 23
4060 46
4069 14

4070 14

VEROBOX CASES
to give a cocmpletely professional
finish to much valued proiect

ABS. light grey top dark grey bottom + 2 anodised panels
II TYPE PRICE

205 140 40 21034 44.52 r_.1111p
205 140 75 21035 45.02
205 140 110 21036 4564 /
180 120 39 21037 44.11
180 120 65 21038 6440
180 120 90 21039 44.691/63,
155 85 39 21040 43.31

/
155 85 60 21041 43.31
155 85 80 21042 44.30
125 65 30 21047 42.35
125 65 39 21048 42.99
125 65 50 21049 £3.37 7448 40

7450 14
7451 14
7453 14
7454 14
7460 14
7470 24
7472 26
7473 28
7474 23
7475 32
7476 30
7480 36
7482 65
7483 313

74851,4
:1),

7489 159
1489 28

74193 48
74393 95

74LS

741500 11

741502 11

741504 12
741505 12
741508 12
741510 12
741011 12
741514 30
741520 12
741530 12
741.532 14

77441E
14

741542 21
741.547 56

7415148 89
7415151 40
7415153 40
7415155 38
7415156 36
7415157 30
7415161 37

7415163 36
7415164 63
7415165 60
7410166 90
7410173 55
7415174 45
7415175 40
7415191 50

/744111N 40

7415196 48
741.5197 60

CMOS

4000 10
4001 10
4002 12
4006 50
4007 14
4008 40
4009 24
4010 24
4011 12
4012 15
4013 20
4014 46
4015 40

44P1 I 7

205

4018 45
4019 25

4011 14

4072 14
4081 14
4082 14
4093 20
4510 46
4511 46
4514 120
4516 63
4518 40
4520 60
4543 120
4583 130

SWITCHES - Wavechange
Type CK - IP/12 way. 2P/6 W. 3P/4 W. 4P/3 W 486.
MIN. TOGGLES - 57101, SPOT 570. S1201 OPDT 87p; 57301 3POT 41.84;
57401 4PDT 42.75; 57211 1P3W fi.40; Centre off S7103 SPOT 74; 57203
DPDT 966.

Push Birteen min 8531 make/8533 break 62p; 8225 PDT £1.34.
DUAL IN LINE, ERG colour coded 0.3" x 0.1" format. On/Off single throw 2P
SDS2 54p) 4P 5054 95p; 6P SOS6 41.36: OP SOS8 41.87: 10P SOSO £2.10.
LOW COST 0-11 4P 08504 64; 8P DNS08 41.00.

LARGE SAE BRINGS LATEST PRICE li ITEMS LIST FREE

elects 444

INIIII
Ark

ORDERS CAN BE
ACCEPTED BY MAIL

OR TELEPHONE

pi,... ..6., tia
4444.41, newt dredwat

i. I GIRO A/C No. 38/671/4002 1 4, ark*
 VAT - additronai at 15% on all UK orders.
 FREE POSTAGE and packing on UK CWO orders 45 75 inc. VAT and upwards Under

add 40p inc.VAT.

 DISCOUNTS on orders over 423.00 - 5%, war £57.50 - 10%
Discounts do not apply to Net' gems Ishoyen by AI alter the price or to orders paid for
by credit card)
Dowel quantity discounts evadable

METERS Large range of types in stock also probes. leads. accessories etc

PANEL MOUNTING in 50. 100, 500pA, 1, 5 10. 50. 100. 500mA IA either
model _Awn_

60 x 45mm
iiiii- MU Ramp

. 50 e 45mm
T Reese

RESISTORS 1.1 1.1watt -all 26 mech. I al one value 14.
2% Mullard metal film 51 ohms - 300K 5p who 10 of one value 40p.
5% wire wound 3W or 7W. most 612 values 1 2 ohms to BIQ 14 um 10 for 74.

Headimarters for Mad Orders Shop4595 42 68
MULTIMETERS
141156A YN 360TR DRAM 001301

..

New- 20KON im 20KOP1 AC./0C/R/ LCD 3i digit 119991
AC/GC/RES/dB dB/transistor Test Push button
in 23 ranges in 21 ranges 26 ranges
130088 x 37mm 145 x 96 x 45mm 170 x 80 x 38mm
411.20N 416.4511 432.00N/

and Normal despatch

ELECTROVALUE LTD. within 24 hours
28d St Jude's Rd. Eniefield Green. 4hein.

Surrey TW20 DNB.
Telephone Epham IVO 0764; London 871 33603: Telex 264475.

Northern Branch 1Personel Mappers only) 660 Bumega
Manchester M19 1NA. Telephone 081 432 4945.

Dompohng at
700 &image Lane. Manchester. Tel 061 431 4866

Shop hours (all addresses/ Mon Fn .9any5 30pm Sat Oany 1 Oprn

POTENTIOMETERS CARBON ROTARY (P20) 100 ohms.4M7 lin. 220 ohms-
2M2 log. ee. 34. or with switch 117p. Dual gang IJP2014K7-2M2 lin or log 94 or
with switch 41.50. SLIDERS 58mm. low cost 10K -1M log only 296. Std 58mm
mono 4K7 1M lin or log 74, stereo matched 41.25. Graduated bezels ea. 365.
PRESET Min lOmm die Horuontal or van. 100 ohms. I M ea 24p. Cermet lOmm
dia HOIII. or Vert. I000.1M es. 246. Cermet rectilineer type Up; 1000-1M, se.
41.06. PLESSEY MPW moulded carbon 470.2M2 et 54.

This
choice
aluminium(A)
The
on

Main
knobs,

2

attractive

case
two

TYPE

10
20
30

Order
power

0'

PLASTIC

of front

sides
faces

only.

and
panels;
each

have
tilt the

EXTERNAL
DIMENSIONS
85

110
155

All prices
supplies

durable
grey

secured
moulded

case

. 60 --

-,- 75 .>:

95 >-.

SPECIAL
only 99p
including

include
(from 5A

0

range
plastic(P),

by 10'.

40
50
60

VAT

VAT
to 150A),

CASES

of small beige plastic
silver metallised plastic(M)

by four self tapping screws
slots for PCB location and

Vertically or desk style.

PRICE EACH
P M

0 - 99 1.16
1 -20 1 .49
2 -10 2.51

OFFER Dpdt. C!Off, Chrome
Miniature Toggle

and P&P

and P&P. Send large SAE for Catalogue
AC/DC controllers and more.

DEPT. EEL, 2 THE
i - - - - - HERSTMONCEUX,

BN27 4LE. TEL.

cases offer a
and

(supplied).
mouldings

A
1 - 22

1 - 72

2 - 74

Dolly
Switch

of boxes,

WILLOWS,
East Sussex,

0323 832571.

IIConstructor

IT'S
SO

EASY
Have fun,
money,
a Kef design
with a
Wilmslow
CS Total
No electronic
woodworking
knowledge
necessary
the end
a proven
quality design
that you'll
Each kit
assembly,
terminals,
The cabinets
self adhesive
Easy foolproof
sent free

Prices: CS1
CS1A
CS3
CS5
CS7

Series Speakers

1)1 n

save , Ibuilding

Audio
kit.

or

and
result is

top-

be proud of.
contains all cabinet components, accurately machined for easy

speaker drive units, crossovers, wadding, grille fabric,
nuts, bolts, etc.

can be painted or stained or finished with iron -on veneer or
woodgrain vynil.

assembly instructions supplied. Set of constructor leaflets
on receipt of large S.A.E.

(As 101) £110 pr. inc. VAT, plus carr./ins. E 5.50
(simplified LS3/5A) £103 pr. inc. VAT, plus carr./ins. E 5.50
las 103.2) E129 pr. inc. VAT, plus carr./ins. £10.00
(as Carlton II) £192 pr. inc. VAT, plus carr./ins. E15.00
(as Cantata) £250 pr. inc. VAT, plus carr./ins. E18.00

fr7OWIUVISILOWQWML The form for Speakers

172
0625 529599

35/39 Church Street, Wilmslow, Cheshire SK9 1AS
Catalogue -- £1.50 post free

AINk Lightning service on telephoned credit card orders,
Please allow 7 days for delivery.

Fl r- r -ti 1.1,.._,
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SUPER HI-FI SPEAKER
CABINETS
Made for an expensive Hi-Fi outfit
- will suit any decor. Resonance
free. Cut-outs for 615" woofer and
21/2" 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
6/," 8 ohm 25 watt £4.50. 21/2" 8 ohm
tweeter. £2.50. No extra for postage if
ordered with cabinets. Xover £1.50.

VENNER TIME SWITCH
Mains operated with 20 amp switch, one
on and one off per 24 hrs. repeats daily
automatically correcting for the lengthen.
mg 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 bi-metal types and 3 liquid types.
There are the current stets 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 stet 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 E100.

YOURS FOR ONLY £11.50 plus £3.00 post..
'or

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

£5.75, Post E1.25. £4.50. Post 75p.
5" Plannair extractor 4" x 4" Muffin 230v.

£6.50. Post E1.25 0.75. Post 75p.

SEAT BELT REMINDER
Buzzer sounds when you switch on ignition - stops when you
handle seat belt - Complete kit E3.00.

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

MINI -MULTI TESTER Deluxe pocket size precision mov-
ing coil instrument, Jewelled bearings - 2000 o.p.v.mirrored scale.
11 instant range measures: DC volts 10, 50, 250, 1000.

AC volts 10, 50, 250, 1000.
DC amps 0 - 100 mA.

Continuity and resistance 0 - 1 meg ohms
in two ranges. Complete with test prods
and instruction book showing how to
measure capacity and inductance as well.
Unbelievable value at only £6.75 + 60p

post and insurance.

FREE Amps range kit to enable
you to read DC current from 0 -
10 amps, directly on the 0 . 10
scale. It's free if you purchase
quickly, but if you already own a
Mini -Tester and would like one,
send £2.50.

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 121/2" long, 41/2" 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.

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 00.00.

TERRIFIC
VALUE KITS !

3 CHANNEL SOUND TO LIGHT KIT

Complete kit of parts for a 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 1/2" sockets and three panel mounting fuse holders provide
thyristor protection. A four -pin plug and socket facilitate ease of
connecting lamps. Special price is £14.95 in kit form or £25.00
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 E1.50.

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 com-
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 £12.50 0 £3.00 past.

6 WAVEBAND SHORTWAVE RADIO KIT
Bandspread covering t3.5 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. Inot 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 £3.95.

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 £9.50.

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. E E ), 34 36 AMERICA LANE,

HAYWARDS HEATH. SUSSEX RH16 3QU
Established
30 YEARS

MAIL ORDER TERMS: Cash, P.O. or cheque with order. Orders under
E10. add 600 service charge. Monthly account orders accepted from schools
and public companies. Access & Barclaycard orders phone Haywerds Heath
104441 454563. Bulk orders: Write for quote. Delivery by return.

Shop open 9.00 - 5.30, mon - friday.

STEREO HEADPHONES
Very good quality, 8 ohm, padded,
terminating with standard '/."
jack plug. £2.99 plus 60p past.

- 6

-7'

12 TIME SWITCH BARGAIN
Large clear mains frequency controlled clock,
which will always show you the correct time

start and stop switches with dials. Corn.
plate 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 full
size keyboard> Key
switches complete with
plain caps. 6 for £1.15.
Easily divisible.

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

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

12p 3 way

POCKET AUDIO
COMPONENT TESTER

3 pole 4 way
4 pole 3 way

4 pole 6 way
12 pole 2 way

6 pole 6 way
18p 2 way

With it you can quickly test diodes, rectifiers, transistors, cap-
acitors, check wiring and p.c. boards for open circuits, find the
anode and cathode of a diode or rectifier and whether a transistor
is PNP or NPN, which are the base collector and emitter connect-
ions. Condensers, if bad give a continuous signal hut if good, give
intermittent signals of varying length depending on their value.
The -test current is very low (2uA) and the voltage only 1.4v, so
it is also possible to check MOS devices. as well as sensitive
transistors with out fear of damaging them. The unit is supplied
complete with internal battery, which should last many months.
Price £3.45p.

12v MOTOR BY SMITHS
Made for use in cars, these are series
wound and they become more
powerful as load increases. Size
3/," long by 3" dia. These have
a good length of 1/2" spindle -
price £3.45.
Ditto, but double ended £4.25.
Ditto, but permanent magnet
& various spindle sizes E3.75.

EXTRA POWERFUL 12v MOTOR
Made to work battery lawnmower, this probably develops up to
% h.p., so it could be used to power a go-kart or to drive a
compressor, etc. etc. £6.90 0 £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 £9.50 0 E1.50 post.

SPIT MOTORS

El
These are powerful mains operated
induction motors with gear box
attached. The final shaft is a 1/2" rod

las.
. rmAirfr with square hole, so you have atern

- ' ative couplingmethods - final speed
is approx. 5 revs/min, price £5.50. -
Similar motors with final speeds of

a - BO, 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 71/2" long, 31/2" 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 ding. of connections.
£19.50 Plus Postage £2.60.

FREE BE ENCLOSEDCURRE

NTWB AT RH GAALI OL IRSDT EWR L
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WATFORD ELECTRONICS
33 CARDIFF ROAD, WATFORD, HERTS., ENGLAND

MAIL ORDER, CALLERS WELCOME. Tel. Watford 40588/9

ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED ORDERS
DISPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH /GIMPY./
P.O.. OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL
INSTITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY
WELCOME. P&P ADD SO4 TO ALL CASH ORDERS. OVERSEAS ORDERS POST-
AGE AT COST. AIR/SURFACE. (ACCESS °Mors by telephone welcome).

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

We stash many more Items. It pays to visit us. We are situated behind Watford Football
Ormond. Nearest Underground/SR Station: Watford High Street Open Monday to
S aturday 9.90 pm. Ample Free Car Parking space available.

POLYESTER CAPACITORS: Axial lead type (Values are in nF)
1811V: 1nF, 1n5, 2n2, 3n3, 4n1, On8 114; I0n, 15n, 18n, 22n 124; 33n, 47n, 68n 114; 100n, 150n
Up; 220n 304; 330n 42p; 470n 52p; 580n 404; 1µF Up; 24 $24 '  4µ7 154.
16V: IOnF, 12n, 100n 1Ipg 150n, 220n 174; 330n, 470n 304; 680n 324: I14& 429; 1145 454; 2µ2
Up; 4µ7 Sip. 1000V: lnF 174; 10nF 30p; I5nF 40p; 22n 314; 33n 42p; 47n, 100n 554.

POLYESTER RADIAL LEAD CAPACITORS (255V) (Teach -in 31 all potsIOnF, I5n, 22n, 27n 114; 330, 47n, 1111n, 100n 74; I50n, 520n 164; 330n. available.
470n lip; 660019p; 19F no: los asp 12µ2 111P.

ELECTROLYTIC CAPACITORS: (Values on an NOV : 10µF 524; 47 76p; ILIV: 0 47, 1 0,

I 5,2 2,3 3.4 7114;1010p; 15,22124; 33154;47124;1)8209; 100194; 220 26p; 1000709; 2200
111P; 51:1V; 68 20p; 100174; 220 244; 40V : 6 8, 154; 22 94; 33 124; 330, 470 32p; 1000 4114; 2200
lop; 25V: 1 5, 4 7, 10, 22, 47 Sp; 100119; 150124; 220 154; 330 224; 470 254; 680, 1000 344;
1500 424; 2200 544; 3300764; 4700524; 1SV: 2 5, 40114; 47 68, 10094; 125124; 220134; 330

111470Up ; ;:191310" 2200 3214r878pTAG END CAPACITORS: 22(1394:(094;i70) 245p. SOV 2200 1104; 3300
1544. 40V: 4700 161Ip. 25V: 2200 !Op; 3300 9114; 4000, 4700 98p; 10,000 3284; 15,000 3454.

TANTALUM Bead Capacitors
UV: 0 tir, 0 22, 0 33 154; 0 47,
0 OS, 1 0, 1 5 154; 2 2, 3 3 134;
4'7, 8 8 22p; 10 28p. I6V ; 2.2,
3'3 1114; 4.7, 6 8, 10 114; 15 384:
22 3041 33, 47 404; 100 7513.
Willi, 22 np:33, 47 3413; 100 554.
MYLAR FILM CAPACITORS

1nF, in, 4n, 4n7, 10n fp;
10nF, 22n, 30n, 40n, 47n 7p; Sin,
100n, 200n Sp. 4700/SOV 124.

MINIATURE TYPE TRIMMERS
4-0pF, 2-10pF 224; 2-25pF, 5-65oF
394; 10-884F 354.

COM ION TRIMMERS
3-404F, 10-80oF Up; 20-2500F 31p;
100-5300 Sip; 400-12504F 114.

POLYSTYRENE CAPACITORS
104F to 141F Sp; 1 IMF to 12nF

S ILVER MICA: 24F, 3 3, 1 7,
5 & 5 2, 10, 12, 15, 18, 22, 27, 33,
39, 47, 50, 56, 68, 75, 82, 85, 100,
120, 150, 180 154. 200, 220, 250,
270, 300, 330, 360, 390, 470. 500,
800, 820 214. 1000, 1200, 1800,
2000 314. 3300, 4700 600,

CERAMIC CAPACITORS: 50V
0.114F to 10nF 44; 22n to 100n 7p.

O URO BREADBOARD 3.52111. I

VOLTAGE RIEGULATORS
IA TO3 +ve -vs

7805 1454 7605 2211,
12V 7411 1154 7912 204
ISV 7015 145p 7915 Ullp
113V 7818 10p
IA 10220 Plastic Casing
iV 7805 404 7005 45p

12V 7812 404 7912 45p
ISV 7115 404 7915 ISp
18V 7818 404 7918 454
24V 7824 404 7924 45p
104mA 1082 Plastic Casing

SV 78L05 304 70L05 -504
78L52 304

IV 78192 304
12V 78L12 30p 79L11 SOp
15V 78L15 30p 79L15 104

781105

POTENTIOMETERS: (ROTARY) OPTO
Carbon Track. 0 25W Log d 0 5W ELECTRONICS

LEDs plus clips
TIL209 Red 3mm 10
111.011 Ern 3mm 14
T11.212 Yellow 14
5" Red 12

SLIDER POTENTIOMETER 2"Yellow Green 14
0.211W log and linear values 80mm Square LED 29

Skil-100K O single gang 704 Triangle LED 1$

101(n-looko dual gang 111110 OCP7I 124

Self Stick Graduated Bezels 1114 ORP12 711

ORM $5

PRESET POTENTIOMETERS 2N5777 45

I Vertical & Horizontal 7 Seg Displays
0-1W 500-8W0 Miniature 7p 711.321 C An 5" II
0-25W 100 (I-3 3M n Horlz lip T11.322 C Cth 5" 111
0-56W 200 0-4 7M0 Vert 1114 DL704 C Cth 3" 55

DI.707 C.A. 3"
FN0357 or 500 109
MAN3640 171
 3" Green C.A. IU
IL71 45
ILD74 90
TIL32 Int Red 62
TIL78 detector II
TIL8I SS

TIL100
Bargraph Red.
Ten segment 225p
LCD DISPLAYS
31 Digit 1959

Ll near Value.
50011,11(42K (Lin. only) Single 36p
5K -I M single gang 304
9K-2 M 0 aIngl with DP switch 7114
8K-2 M 0 double gang Up

RESISTORS: Carbon Film, High
Stability, Low Noise, Miniature
Toleranca 5%.

Range Vol. 1-99 100+
1W 202-4M7 E24 2p 14
tW 202-4M7 E12 24 14
1W 202-10M 512 1p 4p
2% Metal Film 100-1M Sp 4p
I% Metal Film 510-1M SP Op
100+ price applies to Resistors of
each value not mixed.

TGS 812 or 813 gas and smoke
detector 5754. Socket for above SIP.

Special
Offer
RAM
for

BBC
MICRO

4816 AP
12Ons
£2 25

723 38
+5V/5A

LM317P 99 555
CA3085 01 LM32310 500 78HG 5A +3V
LM305H 146 to +25V 599
LM309K 115 TAA550 50 70HG IA -2.25
LMI117K US TC/A1112 IN to -24V 4854

SLIDE
IA DPDT 144
IA DP c/off. 1Sp
1A DPDT 134

PUSH BUTTON
Latching or
Momentary.
SPST C/Over 099
DPOT C/Over 14Sp

SWITCHES
TOGGLE 2A 250V
SPIT 339
DPDT
SUB -MIN

44p

TOGGLE
II changeover OpSESi

on/off tip
DPDT 9 tag. 759
DPDT clort 884
DPDT Biaeed 141P

SWITCHES MInlatur Non -Locking
Push to Make tip Push to Break SOP
ROCKER: SPST on/off 10A 250V 2119

ROCKER: Illuminated DPST
Lights when on: 10A 240V Sip
ROTARY: (ADJUSTABLE STOP) 1 polo/
2-12 way 24/2-1W, Sp/2-4W, 4412-3W. 41p
ROTARY: Mains 250V AC, 4 Amp HP

DIL SOCKETS (Low Profile - Texas)
1 pin 84; 11 pin Ifig; 18 pin 1114; 11 Pin 18P:
20 pin 2119;114 pin Spin pin 21p; 10 pin Up.

ZXIII 16K RAM pack.
16K RAM Pack, Fully built & tested.
Plugs straight on to your 2X81.

Only 317.35

We stock a wide selection of Com-
puter ICs, Printers, Floppy Disc
Drives, BBC Micro upgrado Kits,
Micro peripherals, Books etc. at
very competitive prices.

D INGO COILS RDT2 1454
'DP' VALVE TYPE RFC 6 1409
Range 1 to S BI., RFC 7 (19mH) 1504
Rd., Yl. Wht.1224 IFT 13; 14; 18;
4-7 B.V.R. 1104 10; 17 121p
1.5 Green 1504 IFT 18/1 5 1354
'T' 1 to 5 01.. TI., IFT 18/405 1514
Rd., Wht. 1514 TOC 1 1254
BOA Valve Holder MWOFR 1224

60p MW/LW 5FR 154p

VEROBOAROS I"
clad plain

x 31" 804 -
2 b" 914 -

St" 91p
51 v r 1054 874

x 17" 3404 232p
4 v 17" 470p -
Pkt. of 100 pin. Up
Spot Face Cutter 135p
Pln insertion Tool

1714

COPPER
clad boards
Fibreglass

x 6" Np
x sr 1564

S.R.B.P.
9.5 x 6 1159

Ferric Chlo-
ride 1 lb.
Anhydr. 1959

DIODES
AMID 22
B A100 It
B Y128 11
B Y127 11
CR033 2811

OAS 41
0A47 1

0A70 I
OATS 1

0A11 1

04.1115 I
°ASO
0A91
OA'S
04400
0A202
N$14
N115
N4001/2
N4003
N4004/5
N400817
N4148
344
A/100V 1

3A/400V 1

3A11100V 1

3A/1000V 31
11A/400V544

We stock
wide selection
of Electronic
Books and

Oslo P.n 994 Magazines

MORS
Range 1V7 to

440mW
Sp cash

Range
33V. 1.114/

1500 sash

NOISE
Diode 195

B RIDGE
RECTIFIERS

1.4/100V
IA/2120V
IA/400V
1A/400V
1A/SCIV
12A/200V
1A/400V

28
Is
28
31
30
18
11

1A/400V 65
SA/100V 13
SA/400V 95
10A/200V 215
10A/600V 29$
25A/200V 215
25A/500V 315
B Y1114 51
VM111 OIL 55

DIAC
ST2 25

S CRs
ThyrIstors

1A/1100V
SA/300V
/ A/400V
SA/400V
12A/100V
12A/400V
12A1800V
ISA/700V
2N4444
2115082
IN 5014
87108
C1011)
TIC44
TIC411
TIC47

44
51
75
55
75
95

111
109

131
32
31

155
se

26
ss

TRIACS
3A/100V 45
3A/400V 54
11A/100V
$A/400V 61
SA/600V 115
12A/100V 78
ItA/400V 82
12A/800V 135
11A/100V 1113

16A/400V 155
25A/400V 186
25A/$00V 251
25A/1000V 119
30A/400V 625
7280000 125

TTL 71
7400 11

7402
7403
7404
7405
7406
7407
7408
7409
7410
7411
7412
7413
7414
7416
7417
7420
7421
7422
7423
7425
7426
7427
7428
7430
7432
7433
7437
7438
7440
7441
7442
7443
7444
7445
7446
7447
7448
7450
7451
7453
7454
7480
7070
7472
7473
7474
7475
7476
7480
7481
7482
7483
7484
7485
7486
7489
7490
7491
7492
7493
7494
7495

11
12
13
15
20
20
14

14
18
IS
15
2,

2s
15
20
26
26
22
22
22
25
14
20
22
2s
18

SS
15

32
10
90
SS
80
35

15
40

15

16
16
38
24
24
21
2S
25

125
65
3S
79
N

1111
21
35
25
25
33
35

7497 98
74100 10
74104 Si
74105 55
74107 20
74109 25
74110 35
74111 55
74112 170
74116 50
74118 55
74119 60
74120 GO

74121 25
74122 35
74123 35
74125 3S
74126 35
74128 35
74132 2$
74136 21

74141
74142
74143
74144
74145
74147
74148
74150
74151
74153
74154
74155
74156
74157
74159
74160
74161
74162
74163
74184
74185
74186
74167
74170
74172
74173
71174
71175
74176
74177
74178
74179
74180
74181
74182
74184
74185
74188
74190
74191
74192

SS
175
210
214
Si
7S
60
Si
45
40
55
41
11
30
84
66
48
48
41
10
48
48
iN
12S
250

60
54
19
40
45
SO

SO

40
50
60
00
95

250
N
16
46

71LS
LSOO
LS01
LSO2
LSO3
LSO4
LS05
LSO8
LSOO
LS10
LS11
LSI2
LS13
LSI4
ISIS
LS
LS2201

LS22

LS2276

LS

LS28
LS30
LS32
LS33
LS37
LS38
LS 40
LS42
LS47
LS48
LS49
LS5I
LS54
LS55
LS63
LS71
LS74
LS75
LS76
LS78
LS83
LS85
LS86
LS90
LS9I
LS92

11
11
11
13
13
13
12
12
13
13
12

20
13
13
12
12
11
12
14
12
13
11
14
15
13
Is
33
45
50
11

1414
121

18

2,
IS

111

38
42
16
24
80
32

LS93
LS95
LS98
LS 07
LS109
LS112
LS113
LS114
LS122
LS123
LS124
LS125
LS126
LS132
LS133
LS136
LS138
LS139
LS145
LS151
LS153
LS155
LS156
LS157
LSI58
LSI80
LS181
LSI62
LS163
LS184
LS165
LS166
LSI70
LS173
LS174
LS175
LS18I
LS183
LS190
LS191
LS192
LS193
LS194
LS195
LS196
LS197
LS200
LS221
LS240
LS241
LS242
15243
15244
LS245
L5251
LS253
LS257
LS258
LS259
LS261
LS266
LS273
LS275
LS279
LS280
LS283
LS290
LS293
LS295
LS298
LS299
LS323
LS365
LS386
LS367
LS373
LS374
LS375
153
LS37778
LS379
LS390
LS393
LS668
LS669
LS670
LS673

23
40
91
40
23
22
16
22
36
36
N
21
25
85
30
21
2S
28
711

40
40
30
11
27
38
32
35
35
3S
46
Si
S2
76
SS
SO
111

18
150
31
38
36
37
33
33
IS
45

275
SS
55
SS
SS

5555
71
32
32

35
55

100
15
54

125
30
00
40
SO

6:
150
160

22
32
2$
Si
IIS

IS
80

119
46
12

125
125
109
550

CMOS 4512
4000 Ip 4514

4001 10 4515

4302 12 4516

006 54008

32 4520
14007 1: 44:11:

4009 21 I

4010 24 '

4011 1$
1012 16
4013 Si LINEAR IC's

75 .
MC1488

4014 46 702
4015 44 709C 8 pin 351MC1495
4016 20 710. 7445 MCi615145:L

4017 32 733
40401159 2455 774471c8iniinoin out4:.

4020 42 743C 8 pin
4021 48 753 8 pin 1°5 MC3403

4023 13
4022 40 810

2114L-300
109

MNEC34°5553t4024 22 2114L.20009 45
MFC0040

270840 N154 322525 13
4026 go 2716-5V NE544

0304029

1545

6A1y16-3-t_rgnio ;1741 0E1 is 57.5es?

4027 25 4116-150N
4028 31 4116-200N

4031 125 AY -5-1230 4511
135 N1562

4032 50 CA3011
4033 125 CA3012 175 NE564

4034 140 CA3014 2751N1565

281081 1 NN 1E55101

4035 , 45 CA3018 HINDU
4036 275 CA3019
4037 110 CA3020
4038 111 CA3023
4039 291 CA3028A 95 RC4135D
4040 41 CA3046
4041 rift CA3080E
4042 41 CA3089E
4043 49 CA3090A0
4044 40 CA3123
4046 45 CA3130
4047 so CA3140
4048 10 CA3I50
4049 25 HA1336W
4050 25 ICL8038CC
4051 45 LC7137
4052 63 ICM7215
4053 50 ICM7224
4054 05 ICM7555
4055 S5 LA335O
4056 SS LA4031P
4060 43 LA4032
4063 SS LC7120
4066 21 LC7130
4068 14 LC7137
4089 13 LF347
4070 13 LF351
4071 13 LF353
4072 13 LF355
4073 13 LF358
4075 13 LF357
4076 16 LM10
4077 13 LM301 A
4078 15 LM3087
4081 13 LM311H
4082 13 LM318
4085 SO LM324
4086 52 LM334Z
4089 12S LM33S
4093 20 LM330 47
4094 70 LM348
4095 75 LM349 115
4096 70 LM358 150
4097 190 LM377 175
4098 75 LM379 450
4099 75 LM380 75
4411 690 LM381N 145
4412 790 LM382

114114501 28 LM304
4502 60 LM386 90211

4503 35 LM387 120

4508 130 LM1458
2094244517 35 LM389 IS
ZN425E

4510 46 LM2017 1OS ZN426E
4511 45 LM3900 50 ZN1034

210 NE071

42 LM394CH
125 LM39)9N
125 LM3911

St LM3914
40 LM3915
30 I L513515
70 LM13600 110

MC1302 la

mmcci33%F.P 190
2114

85
SS

55
351

70
IM

1/0
135
55

75
155
75

150
228
210

11
IS

559
391
419
420
120
1S5
141
410

79 55143B

400

221
59

411

295
350

320

N SO176477 250
41 SN76488 402

5P9629 299
.00 TA7120 158
354 TA7130 150

17r0.51 -177220054A 200
92

TTA7321202 ISO
150

TTBBAA515200 70
334

255 113,4800 80
200 TGA810 55
410 TBA820 00

TTSA11006
294

A :to
TDAI022 499
TDAI024 115
TDA1490 325
TDA2020 325

295

21 TTL881.0841CP
40
98

ye TL071CP 24

144 TI.01i-074CN
54so T1CP

100

N
TLIII14C83CNN

75

122 T 10

250
340

395
150
40
53
85
95

UA2240
UAA170
UPC575
UPC1182
UPC1156H
UPC1366
UPC1025H
XR2206
ZOOACPU4M
ZN414
ZN423

2111

IS
125
200
15S
250

120
179
300
330
290
195
375
101
300

50
135

lie
545
304
210

Transistors
AC125/8
AC127/8
ACI41/2
AC176
ACYI7/18
ACY10/20
ACY21/22
ADI81/2
AF1111
AF139
AF1713
AF239
BC107
15C1078
BC108
BC108B
BC108C
BC100
BC109B
BC100C
BC117/8
BC140
BC142/3
BC147/11
BCI48C
BCI49
BC153/4
BC157/8
BCI59
BC160
BC167/8
BC1612C
BC170
BCI72/3
BCI77/8
BCI79/81
BC182/3
BC184
BC1821.
BC18.3L
BC184L
BC188/7
BC212/3
BC212L
BC213L
BC214
BC0I4L

35
35
N

70
75
75
11
N
16
711

ss
10
12

12
11
16

Ii
20
38
31

169,

27

141

6
16

16II

25

10
10
11
16
10
26
10
10
10

10

BC236 10

BC237/8 14
BC307B IS
BC308B II
B C327/8 IS
BC441 31
BC461 21
BC477/8
8C518/7 40
BC547/8 12
BC549C 14
BC557/8 IS
BC559 15
BCY70/71 111

BCY72 25

BD131/2 48
BD133
130135 45
BD130/7 10
B0133/9 40
O 0140 15
00144/5 198
BD517 75
BD095A 125
B1)096A 125
9F115 35
8E167 21
8E177 25
8E178 30
8E180 31
8E194/5 12
BF106/7 12
BF198/9 IS
B F200 34
BF224 25
8F244/5 21
I3F244B 30
8E256 35

BF257/8 32
BF259 35
8E274 42
BF336 40
8E451 35
BF594 31
BFR39/40 23
B ER41,79 23
BFFI80/81 25
BFR98 145

BFX29/84 23
BFX85/86 2$

BFX87/8 21
B EY50 23

BEY51/52 21
BEY56 32

BFY64 35
B EY81 125
B RY39 40
BSX20 25
B SY95A 25
BUI05 170
BU205 1110

BU208 200

MJ2955 70
MJE340 54
MJE370/71 100
MJE2055 50
MJE3055 70
MPF102 40

MPFI 03/104 30
MPFia5 30
MPF105 45
MPSA05 25

MPSA06 25
MPSA12 32
MPSA55
MPSA56
MPSA70
MPSUO6
0C23/26
0C28
0C35/36
0C41 /42
0C44
0C45
0070/71
0072/74
0075/76
0081/82
0083/84
0C170/1
0C200
TIP29A
TIP29C
TIP30A
TIP30C
TIP31A

TIP31C 37 2N097
TIP32A 3$ 2N698
TIP32C 42 2N699
TIP33A 55 2N706A
TIP33C 7$ 211708

274018
2N1131 2
2N1303
2111304/5
2111011 B
2N2219A
2N2220A
2112221 A
2N2222A
2N2369A

30 VK1010
3e VN1OKM
SS VN46AF

175
VN66AF

220 VN88AF
220 VN89A.
75
75
48

SO

51
50
41
56
50
32
38
35
37
ss

TIP34A 74
TIP34C SS

TIP35A 115
TIP3SC 129
TIP313A 134
TIP36C 140
TIP41A 50
TIP41B 52

TIP42A 55
TIPI2B St

2092510
TIP120 75 2112904;5
TI P121 73
TIP141 105

2N2905A

TIP142 105
211290617

TIP2955
TIP147 120

209300322NN3054

TTrs'43,4333 32
2113055

TIS91

21136033
04/5

T1544/45 IS
TISUA SO

TIS90 30 2N3104/5

32 2143706/7
00 2N30819
75: 2N3710/1

2N3771

94
2N3772
2113773
2N3810
2113820
2N3822/3
2N3866
22NN33000303,/64

ZTX3I4 25 22NN:058°37

ZTX320/6 30 2114061/2
zZTT):500603 22NN44492171

ZTX531 25 2N9170
ZTXSS0 25 20911191
209596 30 2N5305

ZTX107/8 11
ZTX109 12
ZTX300 13

ZTX3012 16
ZTX303 25
ZTX304 17

23
14
45
19
19
35. t2

2SA636
65
65 2SA715

ISO 23C495/6 70
28 2SC1679 100
28 2SCI096 Is

2SC1162 30
26 2SC1172 125
10 2SC1173 121

.4.5 2SC1061 250
2SC1306 100
2SC1307 151

10
25C1448 15

21 2SCI878 145
2SC1923 IS
2SC1045 225

110 2SC1053 10

IS 2SC1957
2SC1969 140

10
2SC2029 85

is 2S C2029 210
is 2SC2078 170

10
2SC2091 SS

25C2314 85
;e$

i

2SC2314 S5
2SC2547 30

2f 2SC1679 194
.14 230234 75

411
2SK45 00
2SK288 225
2SJ83 225

111
32NSJ12885

tat

15
3403N11400

tea

40301/2

10

2115457/8 30
2NS459 30

2115485 34
2115012 750
2N5717 41

32
250
250
II

225
112
112

OS

76
7$ 40405 IS
00 40411 290
is 40407 95
41 40594 08
75 40603 so
14 40673 75
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EASY ON THE EARS
SHOULD advertisements for personal hi fi systems carry a government health war-

ning? According to the Institute of Environmental Health Officers up to 1,000
people each year risk becoming partially deaf because of the high level of sound from
headphones worn by owners of home hi fi or personal hi fi systems.

Similar warnings have been heard at times over the past thirty or so years, ever
since the use of headphones became popular for listening to stereo at home. Concen-
trated acoustical power applied directly to the ears clearly can cause harm and
possibly irreversible damage to the human auditory system-if prolonged listening at
high volume levels is indulged in. The answer, as in many other things, is moderation:
both in level of operation and in length of listening sessions.

This problem has now reached more serious proportions thanks to the phenomenal
popularity of the personal cassette player or personal hi fi system, first introduced by
Sony with their Walkman two years ago and subsequently imitated by many other hi
fi equipment makers. Today, curiosity no longer is aroused by the sight of individuals
wearing headphones out of doors or on public transport. The slung cassette looks set
to become a favourite personal accoutrement. Those of young to middling age are the
most ardent of "personal listeners" and there perhaps lies reason for concern by the
health authorities; the consequences of many years of ear battering cannot be lightly
dismissed.

We have a partial answer to this problem. When at home, a very sensible and ob-
vious way to alleviate possible harm and at the same time share the pleasure obtained
from personal hi fi, is to "de -personalise" it. We publish details this month of a per-
sonal loudspeaker amplifier that will enable the cassette player to drive a pair of good
quality speakers. Apart from being easy on the ears there is a bonus in that the
cassette player is automatically powered from the mains whenever the personal
loudspeaker amplifier is used. The internal batteries are thus saved for walkabouts.

FACE TO FACE
It was a great pleasure to meet so many of our readers who visited the Electronics

Hobbies Fair last month. The entire staff of EE shared duty on our stand and a useful
two-way exchange took place throughout the four days. Your comments and sugges-
tions were invaluable and we shall take them into account as we strive to enlarge and
improve the service offered to electronic enthusiasts in our pages. The Fair itself was
an undoubted success and we look forward to seeing you again next autumn.

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

worldwise price £1.00 inclusive of postage and 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 f4.60 inclusive of postage and packing worldwide.
Please state which volume.

Subscriptions
Annual subscription for delivery direct to any address in the UK: £12.00.

Overseas: £13.00. Cheques should be made payable to IPC Magazines
Ltd., and sent to Room 2613, King's Reach Tower, Stamford Street,
London SE1 9LS.
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PERSONAL
BY L.

I T'S not unusual these days to come
across people on trains, buses, in the

street and other public places, wearing
headphones. They are most probably
listening to their Personal Hi Fi.

For those unfamiliar with this term, it
describes a piece of equipment (usually a

AMPLIFIER
COHEN

cassette player) small and lightweight
capable in most instances of high quality
sound reproduction into headphones. It is
worn about the person of the user. Hence
its name.

Such a system has limited use. It can
only be enjoyed by one person at a time.

At home with other family members, the
user may be accused of being anti -social.

Also, there is concern about the
damage (permanent) that could result to
the users "ears" when they are regularly
subjected to high volume headphone
listening. With these factors in mind, the
Personal LS Amplifier was developed. It
is a stereo amplifier, mains powered, and
produces up to 2 watts per channel into
8 ohm speakers when driven by the
headphone outlet on the Personal Hi Fi.

It is expected that this unit will be
welcomed by teenagers with Personal
Hi Fi systems and provide them with an
inexpensive and good quality stereo hi fi
system to be shared by friends and
family.

The amplifier is based upon a stereo
amplifier kit (complete with p.c.b.)
available from RTVC. Circuitry is in-
cluded to provide a mains derived d.c.
supply, to plug into the external supply
socket on the Personal Hi Fi. This
preserves battery power for portable
(headphone) operation.

CIRCUIT DESCRIPTION
The complete circuit diagram of the

Personal LS Amplifier is shown in Fig. 1.
The component references in the right-
hand channel are those in the left-hand
channel preceeded by "100".

The stereo signal from the "Personal"
enters the amplifier at SK I. In the
prototype a 3.5mm jack socket was used
here, the same as that fitted on the
prototype Personal. Any three -pin socket
may be used here: a 3 -pin DIN socket for
example is suitable and cables fitted with
3 -pin DIN at one end and 3.5mm jack
plug at the other may be obtained ready
assembled.

SKI
'INPUT

P

R2 100 kR
8

VR1
47k11

'TONE'

Cl
1.8nF

RI
100k IL

TABS

9

C2
100pF

R3
loon

idl
TBA 800

6

R101
100kI2

1.8nF

VR101
47k0

R103

C102
100pF

9

TABS

8

12102 lookn

6

10

10

TBA8 0 0

7

C4 100pF

4 12

5
C6 500pF

C3
/0/./F

CS
1.8nF

nom

C7 /000pF C9
100nF mem

MIN

C8
100nF

R4
In

TB1/ 4

'LEFT'

8

TBI/ 3 8

SK 2

OUTPUT
6V D.C.

V-

R5
2212

R6 39012

TR1
130131

a

DI
BZY88
6.8V

3

7

mon 0105
18nF

C103
/0,uF

512

4

0104

R104
In

TB1/ 2

RIGHT]

sume
C108 TB1/1

F.100nF

C106 500pF

100p F

+-t
CI07
1000pF

LS101
811.

T100n F

£14
leseter sobloott

Fig. 1. The complete
circuit diagram for the
Personal LS Amplifier.
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Consider only the left-hand channel.
The right-hand channel operates iden-
tically. RI, R2, VR1 and C1 form a filter
designed to provide varying degrees of
treble and bass cut according to the
setting of VR I. This control provides the
user with a means of setting the tonal
quality of the output from harsh treble to
solid bass. This signal reaches the input of
ICI, pin 8.

AUDIO AMP I.C.
The gain of IC I is set by the values

of feedback components R3 and C2, the
latter fixing the lower frequency roll -off
point. Capacitors C5, C6 with R3 control
the bandwidth of the amplifier.

Capacitor C4 is the bootstrap
capacitor while C3 forms part of the
supply ripple rejection circuitry.

The amplified signal appears at IC 1
pin 12. Here the amplified output signal
swings about half the positive supply rail
and is coupled to the loudspeaker via C7.
The series connected components R4 and
C8 across the output of IC 1 are included
to help stabilise the load impedance at
the output. C9 functions as a decoupling
capacitor which helps prevent oscillations
on the power supply lines.

POWER SUPPLIES
Mains voltage enters the unit and is

switched to Ti primary by Si, the on -off
transformer

which provides a 12V r.m.s. across
the secondary. This alternating voltage
undergoes full -wave rectification by the
bridge arrangement of rectifiers D2 and

COMPONENTS'":1- _0%, 77-

Resistors
*R1,101 100k12 (2 off) *R4,104 10 (2 off)
*R1,102 1001dI (2 off) R5 220 3W
*R3,103 1000 (2 off) R6 39011

All -/-W carbon ±5% except where stated otherwise.

Capacitors
*C1,101
*C2,102
*C3,103
*C4,104
*C5,105
*C6,106
*C7,107
*C8,108
*C9,109

**C10
Semiconductors

*IC1,101
TR1
D1

**D2-D5
Miscellaneous

SK1

SK2
***LS1,101

TB1
**T1

LP1
S1

*VR1,101

1 .8nF ceramic axial leads (2 off)
47µF to 100µF 16V elect. axial leads (2 off)
5µF to 10µF 16V elect. radial leads (2 off)
47µF to 100µF 16V elect. axial leads (2 off)
1.8nF ceramic axial leads (2 off)
300pF to 500pF polystyrene (2 off)
300µF to 1000µF 16V elect. (2 off)
100nF plastic or ceramic (2 off)
100nF plastic or ceramic (2 off)
1500µF to 2200µF 16V elect. radial leads

See

TBA800 audio power amplifier i.c. (2 off)
BD131 silicon npn
BZY88C6V8 6.8V 400mW Zener diode
Selenium 0.5A @ 30V rectifier or silicon bridge

page 23

3.5mm panel mounting stereo jack socket or other
panel mounting stereo socket to suit
2.5mm panel mounting jack socket
85I elliptical (5in. x 3in.) loudspeaker
4 -way 2 amp screw terminal strip
mains primary/12V 1 amp secondary transformer
panel mounting mains neon
mains on/off switch
47 ksz + 47 k12 linear ganged carbon potentiometer

* Printed circuit board, size 130 x 50mm; 0.1 inch perforated board, size
130 x 50mm; plastic stand-offs (Verobox type 22-1417G) (6 off); 4BA nuts, bolts,
washers (2 off each); rubber grommet; knob to suit VR1 shaft; rubber feet for
case; case style WB3 size 230 x 125 x 60mm; 6BA nut, bolt, washer (2 off);
stranded p.v.c. covered wire; speaker cable (twin "figure 8") length to suit; mains
cable, approx. 1 metre; 4BA solder tag; about 150mm length of twin stereo cable
terminated end with stereo 3.5mm jack plugs; about 150mm length of
insulated wiring fitted with 2.5mm jack plug at one end, cassette power plug
at other.

* KIT A, ** KIT B, *** KIT C. See Shop Talk for further details.

cio
2200pF

SELENIUM
BRIDGE
RECTIFIER

D5 to produce a 16V d.c. smooth level
across C10. This is the positive supply to
both left and right amplifiers.

Resistor R6 and Zener diode D 1
places 6.8V on the base of TR I to turn it
on (TR I conducts). There is a 0.7 volt
(approx) voltage drop across TR1 base/
emitter junction, to give about 6V d.c. at
SK2. Resistor R5 functions as an output
power limiter. When the current passing
through R5 and TR1 reaches a particular
value, the voltage drop across R5 in-
creases to cut-off TR1. 300mA may

safely be drawn from this supply, which is
on average, what Personals require.

TWO CIRCUIT BOARDS
Two boards were used in the

prototype, one a p.c.b. (part of the
amplifier kit) the other a piece of plain
matrix board. The latter holds the power
supply components including the 6V d.c.
supply, and the output capacitors.

0
The prototype with lid removed.

The layout of the components on the
topside of the p.c.b. is shown in Fig. 2,
together with the pattern to be etched on
the underside. Assemble the components
on the topside paying special attention to
the polarity of the electrolytic capacitors.
Attach sufficient lengths of flying leads to
reach the other case mounted compo-
nents and board A. Some of the flying
leads are attached directly to the tracks
on the underside as there were no holes
provided for these connections in the
supplied p.c.b.
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C6

C7+ C107+

11c4

111111111Iiii111111

acm,

0102 11 4.
11111111111111i

O

4. C2
C108

Ith1111111111111h3 R104
0

o
O

C106

Fig. 2 (above). Shows the layout of the components on the topside of the p.c.b. (board B)
and the master p.c.b. pattern to be etched on the underside (full-size).

Fig. 3 (opposite). The layout of the components on the topside of board A, and the inter-
connections to be made on the underside using the component leads and tinned copper
wire. Note the use of Veropins. Cut-out will need to be made to accommodate the
selenium rectifier (if used).

SECOND BOARD
Board A components are constructed

on a piece of 0.1 inch plain matrix board
size 120 x 50mm. The layout of the com-
ponents on the topside and the intercon-
nections using the component leads and
tinned copper wire on the underside are
shown in Fig. 3. Veropins are used for all
flying lead connections to make construc-
tion and wiring up easier. The selenium
bridge rectifier will necessitate the
enlargement of some holes in the matrix
board to allow it to be fitted to the board.

A silicon diode bridge rectifier or dis-
crete diodes (four IN400 Is for example)
may be used here instead but will require
a change in wiring on the underside of the
board beneath the rectifiers. Make sure
you follow the "+", "-" and ",," or "a"
and "k" (banded end) labels on the device
and in Fig. 3.

CASE
In the prototype board A was fitted to

the case, using 4BA threaded spacers and
screws, one at each end.

The next step is to prepare the case to
accept the board mounts and other
hardware to be fitted. The case used in
the prototype was in two sections: top
of vinyl -covered steel, bottom aluminium.
It is known as a WB3 and measures
approximately 230 x 130 x 65mm.

Drill all the cable feed holes, com-
ponent and board fixing holes before
attempting to fit boards/components.

Begin assembly by screwing the
transformer TI in place. Use shake -proof
washers on the fixings and fit a solder tag
beneath the front fixing. Next position
and secure LP I and Si.

Two 25mm long 6BA screws and bolts
were used to hold the screw terminal

block in position on the case back panel
which should be fitted next.

The tone control circuitry is assembled
directly on the potentiometer as seen in
Fig. 4. Secure VR1 in place on the front
panel and wire up as shown.

The wiring that runs to SK 1, the input
socket, should be made using lightweight
stranded covered wire. Only attach at
VR1 end at present.

A panel mounting 3.5mm stereo jack
socket was found difficult to locate by the
author so a p.c.b. type was used. This
was glued using Araldite to a small
aluminium bracket also glued to the front
panel below the front panel entry hole.
This arrangement was found to be
satisfactory. Alternatively, a different
type of panel mounting socket may be
used, such as a 3 -pin DIN. Fit the chosen
socket in place.
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TI SECONDARY BOARD B

0

O
O
O
O
0
O

0
O

O

O

O
O

O

0 0 0 0 0 0 0 
02-D5

R5 DI

0

R6

METAL
SURFACE

TR1

10 0 01
e c b

OV 0+6V

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0= VEROPINS METAL SURFACE

TR2
TO SK2 BOARD B

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0
0
0
0
0
0= C7 C107
0
0

0
0
0
0
0)- -1 0
0

r) 0
0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 _) 0 0

BOARD B

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1,.........,........,.
0
0
0
0
0
0
0

I

0 0
111111

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0ID
0
0
0
0
0
0
0

O

0\-/fTh TBI/4 TBI/1

O 0
0 ."'''''--' \\I 0
O 0
O 0
0 le°71'' 0
O 0
O 0
O 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0  0 0 0 0 0 0 0

Close-up plan view of the completed prototype.

(Right). Close-up views of the two circuit boards fully assem-
bled.
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TO 240V A.L. MAINS

LP1

S1

BOARD A

0

BOARD B

ov

S K2
+6V

TB' I

LO.)1_111...)1
I

1(Th CD( (MI

LINK

-'\"CC
I _e - - - -

COM.

R101

L+

C101

VR101

Fig. 4. Layout of the boards and other components in the prototype with complete
interwiring details. Front and rear panels have been drawn folded down for clarity.
The L-shaped bracket beneath SKI is not shown.

(Above). Rear view of the opened prototype. The support
bracket for SK 1 , glued to the front panel, can be seen.

(Right). Close-up view of the screw terminal block and its
label used for connecting to the two speakers.

FINAL STAGES OF ASSEMBLY
Finally fit a socket to the rear case

panel for the 6V d.c. supply outlet. Any
2 -pole socket may be used here. In the
prototype a 2.5mm jack socket was used.

The two boards may now be fitted.
Plastic fixings are advised for the p.c.b.
and the specified Vero plastic snap fixing
stand-off pillars are recommended. The
p.c.b. supplied in the kit is quite thin and
fragile around its four fixing holes, so be
careful when pushing the board onto the
pillars. The corners are liable to fracture
as can be seen in the photograph. Fit the
pillars to the case first.

The other board is secured using 4BA
threaded spacers/screws/washers. With
all items fitted, wire up as shown in Fig.
4. Fit rubber grommets in the cable feed
holes to prevent chaffing of the cable and
the possibility of a short circuit and un-
wanted contact at these places.

Before wiring up SK2, check the Per-
sonal manual and/or unit and determine
power supply polarity. Our unit is wired
for tip +ve. A 1 -amp fuse should be fitted
in the mains plug.

LEADS AND PLUGS
A length of stereo screened cable fitted

with a plug at each end is required to con-
nect the headphone outlet socket on the
Personal to the input socket on the Am-
plifier. The length of cable is not critical
but should not be unduly long. It is expec-
ted that the two units will be within a
metre of each other.

A lead will also be needed to connect
the 6V d.c. outlet socket to the external
power supply socket on the Personal.
Miniature screened cable may be found
most convenient for this. In fact the
stereo cable used for the other lead was
used in the prototype with the two signal
wires connected to form one wire with the
screen as the other.
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SPEAKERS AND CABINETS
The loudspeakers used in the prototype

were 8 ohm elliptical types (5 x 3 inches)
and were found to give good perform-
ance.

The speaker cabinets seen in the
photographs were bought ready -built and
the speakers fitted on a secondary baffle
board which was screwed to the one
already in the cabinet. This was found
necessary since the cabinets were inten-
ded to accommodate a larger speaker.

The enclosure size is not critical and
the constructor may already have or
know of an inexpensive and suitable
cabinet. The cases seen here were of
smart veneered appearance but cost
nearly £8 each, trade! Details for con-
structing your own cabinets of similar
dimensions to those shown in the
photographs are given in Fig. 5. These
can be constructed for very much less.

With the speakers fitted in their
cabinets, connect suitable lengths of twin
"speaker" or bell -cable to each. Use cable
clamps to hold the wire to the cabinet to
prevent any strain on the soldered con-
nections to the speaker. Identify the wire
going to say, the left-hand solder tag on
each speaker and call this "+".

This will ensure that the speakers will
be in phase when connected as shown in
the photograph of the screw terminal
block on the amplifier rear panel.

TESTING
Before testing, thoroughly check that

all wiring has been carried out correctly.
Connect a voltmeter set to 15V d.c. or
higher, across the left-hand channel out-
put terminals, TB1 /4 and 3. Plug the
amplifier into the mains and switch on.

The reading on the voltmeter should be
at or very close to OV. Check for the
right-hand channel, TB1 /1 and 2 to ob-
tain the same or similar reading. If so,
turn off at the mains and connect the two
loudspeakers to the amplifier outputs.
Turn on the unit. A low level hiss should

CUT-OUT SIZE AND
SHAPE TO SUIT
SPEAKER

Fig. 5. An exploded view (dimensioned) of a suitable sized cabinet similar in size
and shape to those seen in the photographs. This will accommodate the speakers
(kit C) specified.

The "Personal"
plugged into the Am-
plifier and powered by
the 6V d.c. outlet
socket.

Shows an elliptical
speaker fitted into one
of the mentioned
ready -built speaker
cabinets. Note that
the speaker is at-
tached to a secondary
baffle board which is
bolted to the primary
baffle board using the
speaker (larger) fix-
ings. Note the position
of the two cable clips.

be heard in the speakers with the tone
control fully clockwise.

Connect the Personal to the amplifier
using your made-up lead. Turn on the
Personal and turn up its volume control
to hear sound from the loudspeakers.
Adjust the tone control, anti -clockwise
for more "bassey" sound, clockwise to
increase treble.

Turn off and insert the made-up lead
into SK2. Turn on again. Check that the
output from SK2 is 6V d.c. or very close
to this and of the correct polarity to suit
your Personal unit. If so push the power
supply connector into the Personal. No
change should be noticed unless you were
previously using "low" batteries in which
case an improvement should be heard.
The batteries may be removed to check
that the mains derived supply is in opera-
tion.

The prototype unit was fitted with a
thin cardboard label and covered in
Coverseal, a self-adhesive transparent
plastic sheet. This provides protection to
the design and annotations on the panel.

The graphic design on the prototype
was made to look similar to the Personal
Hi Fi design with which it was to be used.
Double -sided Sellotape held it firmly to
the front panel.

It may be advisable to fit the covered
front panel design prior to fixing the front
panel components and wiring up.
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BY S. MELHUISH, G.RAFFERTY & M.SHILLABEER

N SCHOOL science experiments, the flow
I of charge (the number of coulombs)
often has to be measured. If the current
is constant, it can be measured with an
analogue ammeter and if the rate of
change is slow enough, the current can
be plotted against time, again using the
ammeter and a stopwatch.

CONTINUOUS MONITORING
However, in some chemical experi-

ments involving electrolysis, the current
can change a great deal during the
process, making continuous monitoring
impractical. Physics experiments con-
cerned with the charging of capacitors
have exponentially varying currents,
often too rapidly for an analogue meter to
follow.

A meter which indicates the total
charge that has flowed during an experi-
ment would solve these problems.

DESIGN CRITERIA
A Coulomb Meter should be capable

of meeting all the following design criteria
if it is to be made full use of in a teaching
situation.

1.

2.

3.

4.

5.

Read up to 1000 coulombs (C). This
allows for use at up to 1 amp for 15
minutes (900C).
Have switched sensitivity from one
coulomb per second to 10-4 coulombs
per second. The latter being suitable
for the flow of charge expected in an
experiment using a 100uF capacitor at
I OV.
Have a display easily seen by a school
science class in a demonstration.
Have a display which can be "frozen"
temporarily to allow readings to be
taken.
Easy connection to experimental
circuits and simple controls.

THEORY OF OPERATION
A block diagram of the system is

shown in Fig. 1.
The experimental current (io) produces

a potential difference (u0) across the input
of a voltage controlled oscillator. This
acts as a voltage to frequency converter
tuned to give an output frequency (fo) of
81.92kHz when uo = 3V.

Thus fo oc uo cc io (o. meaning
proportional to) and therefore output
frequency is proportional to input
current. The frequency fo is then
divided by 2" to give a suitable count
rate for direct display, fi(f = 10Hz
when u, = 3V).
The count is equal to the number of

cycles at frequency j, and is also propor-
tional to the total charge which has
flowed during the experiment.

RANGE SELECT
The circuit diagram of the Coulomb

Meter is given in Fig. 2. The range select
and amplification section of the circuit
was designed to provide the voltage -to -
frequency converter with an input voltage
u, of between 0 and 3V.

The input current produces a potential
difference across resistor R 1, R2 or R3
depending upon the position of S I and
this p.d. is then either coupled directly to
the voltage -to -frequency converter or am-
plified by a factor of 100 by the op -amp,
IC 1. In this way, using the switching
combination of S la and S lb, a total of
five ranges are available.

The five ranges are as follows:
I-100mC per count
2-10mC per count
3-1mC per count
4-100µC per count
5-10µC per count
A sixth, unused position on Si is

provided as a checking facility.
In order to ascertain the total number

of coulombs used in an experiment, the
display reading is simply multiplied by
the number of coulombs per count.

CURRENT LIMIT
The input voltage u0 is sampled by

TR3 via the potential divider R9/R10.
When the potential on the base (b) of
TR3 exceeds 0.6V, it conducts and
switches off TR1, thus cutting out the
input to the Coulomb Meter.

This protects the input against ex-
cessive currents. When the current limit
operates, the OVERLOAD 1.e.d., D2 lights.

Diode DI is included in the input
circuit to protect the TR 1 against high
reverse voltages.

VOLTAGE -TO -FREQUENCY
CONVERTER

The voltage -to -frequency converter cir-
cuit (also known as a voltage controlled
oscillator) uses a 9400CT i.c. (IC2) which
has an output frequency linearly propor-
tional to the input voltage, within the
range 10Hz to 100kHz.
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This i.c., with the aid of a few
peripheral components, can perform the
necessary functions within the specifica-
tion of the Coulomb Meter. The values of
these components can be calculated as
follows:
Input resistance, RIN(R8).

R8 - VINMAx X 106
10

_3x 106
f2

10

nomon
= 300kf2

Reference capacitor, CREF(C1)
Given that
VREF = 5V

RIN = 300kf2(R8)

VIN = 3V

./our = 81.92kHz(10 x 213Hz)
V 1= x Hz

IN VREF X CREF

3
- 300 x 103x -5

Therefore,

81.92 x 103 =
3

1
Hz

CREF

300 x 103 x (-5) X CREF

(Ignoring minus sign as a capaci-
tance cannot be negative.)

CREF =
3

81.92 x 103 x 300 x 103 x 5 F
= 24.414 x 10-'2F

So C 1 = 24pF (nearest value 22pF).

For optimum stability,

CINT(C2) = 4 X CREF

So C2 = 96pF (nearest value 100pF).

DIVIDER
The voltage controlledoscillator is

designed to give an output frequency of
81.92kHz with 1 amp passing through
the shunt. So this needs to be divided by
2'3 (which is equal to 8192) to produce a
10Hz input to the counter section.

This means that in one second, if one
coulomb is passed, 81920 cycles are
generated by the v.c.o. and this is divided
by 8192 to give 10 counts to the counter.
Thus the counter has a resolution of one -
tenth of a coulomb.

The circuit uses a cmos 4020 14 -stage
binary counter/divider to achieve the fre-
quency division, the output being taken

Fig. 1. Block diagram of the
Coulomb Meter showing the
basic theory of operation. The
voltage -to -frequency converter
produces an output frequency of
81 .92kHz for an input current of
1A.

COMPONENTS

Resistors
R1
R2
R3
R4

30 (Nichrome wire)
300 (330 + 3300 in parallel, 4W)
3000 (3300 + 3.3k0 in parallel, 1W)
9900 (2400 + 7500) +1%

R5 1k0 + 1%
R6 99k0 (24k0 + 75k0) ±1%
R7 470
R8 300k0
R9 3.3k0
R10 11(0
R11 100k0
R12,13,17,18 4.7k014 off)
R14,15 10k0 (2 off)
R16 510k0 +2%
R19 2200
All INN carbon ±5% unless otherwise stated.

Capacitors
Cl
C2
C3,4,5
C6,7
C8-10

22pF polystyrene ±2%
100pF polystyrene ±2%
0.11.1F polyester (3 off)
2200µF 25V elect. (2 off)
0.01µF ceramic disc (3 off)

Semiconductors
D1 1N5401 silicon
D2,4,26 TI L220 0.2in. red I.e.d. (3 off)
D3
D5
D6-21
D22-25
TR1
TR2,3
C1
C2
C3
C4
C5
C6
C7
C8

X1

Miscellaneous
T1
S1
S2,3,5,6
S4
S7-10

S11
SK1
SK2
FS1

TI L222 0.2in. amber I.e.d.
TI L221 0.2in. green I.e.d.
1N4148 silicon (16 off)
W02 200V, 1A bridge rectifier
TIP31A silicon npn
BC107 silicon npn (2 off)
741 op -amp
9400CT voltage -to -frequency converter (RS part no. 307-070
4020B CMOS 14 -bit binary counter
7217 CMOS 4 -decade counter/driver (RS part no. 307-749)
4049B CMOS hex inverter
4011B CMOS quad 2 -input NAND gate
7805 +5V, 1A regulator
7905 -5V, 1A regulator
4 -digit common anode multiplexed display

(RS part no. 587-507)

mains transformer, 0-12V, 0-12V, 1A secondaries
2 -pole, 6 -way midget rotary
push-button change -over, non -latching (4 off)
d.p.d.t. centre off toggle
sub -miniature binary coded decimal rotary switch, vertical

mounting (4 off)
on -off mains toggle switch
4mm banana socket, red
4mm banana socket, black
1A, 20mm long fuse

Single -sided p.c.b., 120 x 95mm; 0.1 in. matrix stripboard, 24 holes by 5 strips
(for b.c.d. rotary switches1' diecast box, 186 x 120 x 80mm; 28 -pin d.i.l. holder;
16 -pin W.I. holder (2 off); 14 -pin d.i.l. holder (2 off); 8 -pin d.i.l. holder; TO -220
transistor mounting kit (3 off); I.e.d. mounting bush (5 off); panel mounting 20mm
fuse holder; knob; 7/0.2mm wire; mains lead; grommet; P -clip; rubber feet (4 off).
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from the Q output (divide by 2"). This
is 1C3 on the circuit diagram.

COUNTER AND DISPLAY
IC4 is a cmos 7217 4 -decade up/down

counter/driver i.c., this device being par-
ticularly suitable as it fulfils all the design
criteria.

The features include a four -digit multi-
plexed 1.e.d. display, indication of zero or
underflow/overflow, indication of counter
being equal to a pre-settable register and
counting up or down.

Since physics laboratories are often
fairly dark, a light emitting diode display
was chosen in preference to a liquid
crystal display.

The display used in the prototype
model (X I in the circuit diagram) is a
four -digit common anode multiplexed dis-
play with 0.5 inch high red seven segment
digits.

This is an RS Components display and
can be obtained from RS stockists but not
directly from RS. Other displays of
similar specification can be used,
however, the pin number may differ from
those given on the circuit diagram.

CONTROLS
The controls of the Coulomb Meter are

as follows:
UP/DOWN (S4)-this is connected to

pin 10 of IC4 and when toggled between
+5V and OV it dictates whether the count
progresses up or down.

PAUSE (S3)-controls the update of
the display register. When toggled to OV
the display is constantly updated with the
contents of the counter. However, when
switched to +5V, the display remains
static enabling a reading to be made. The
counter continues to count whilst display
is held.

LOAD COUNTER (S5)-by taking pin 12
of IC4 to +5V, the data held on the
binary coded decimal switches S7 to SIO
(DATA PRESET) is transferred to the
counter.

LOAD REGISTER (S6)-as above, but
the data is transferred to an internal
register and the EQUAL output (pin 3) of
IC4 goes low when counter equals
register.

DATA PRESET (S7 to S 10)-these
sub -miniature binary coded decimal

thumbwheel switches are connected to
the b.c.d. INPUT/OUTPUT pins of the coun-
ter and are used to preset data into the
counter or the internal register.

This enables the Coulomb Meter to
either count down from a preset number
or up to a value stored in the register.
Diodes D6 to D21 prevent cross -talk.

RESET (S2)-this resets both counter
IC4, and divider IC3, back to zero.

INDICATORS
Four I.e.d. indicators are included to

show various conditions. These are as
follows:

OVERLOAD (D2)-illuminates when the
input current is greater than the meter
can measure.

CARRY (D3)-indicates when the
counter overflows when counting up or
underflows when counting down.

ZERO (D5)-pin 2 of IC4 goes low
when the count equals zero and I.e.d. D5
illuminates to indicate this condition.

EQUAL (D4)-when the count equals
the number stored in the internal register,
pin 3 of IC4 goes low, and this is
indicated by l.e.d. D4.
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POWER SUPPLY
The Coulomb Meter has its own mains

power supply unit and the circuit diagram
is shown in Fig. 3.

Fig. 2. Main circuit diagram of the Coulomb Meter.

A mains transformer with two 12V Decoupling capacitors C8, C9 and
secondaries is used to develop a +5V sup- CIO are included in the design and placed
ply using two regulator i.c.s, a 7805, +5V near to the i.c.s to suppress unwanted
device and the 7905, -5V version. spikes.

Fig. 3. Circuit diagram of the mains power supply section.
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Fig. 4. Full size printed circuit board artwork and component layout for the Coulomb
Meter. Note the use of sleeved wire for the long links and Veropins for all wired connec-
tions.
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Fig. 5. Interwiring diagram. Note that discrete components are
shown in relative positions only and should ideally be mounted on
tag strips before being soldered. IC7, IC8 and TR1 must all be
isolated from the case and mounted on mica washer insulating
kits. See also Figs. 4 and 6 for wiring information of the display, X1
and the Data Preset switches, S7 to S10.
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Fig. 6. Wiring of the Data Preset switches with cross -talk preven-
tion diodes. The switches are actually mounted on a 0.1in. matrix
stripboard, 24 holes by 5 strips (with suitable trackbreaks), but this
has been omitted from this diagram for clarity.
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View inside case showing general layout of
components and mounting of the p.c.b.
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CIRCUIT BOARD
Most of the circuit was constructed on

a printed circuit board, the design of
which is given in Fig. 4. This diagram
also shows the component layout on the
topside of this p.c.b.

Note the position of pin I of each i.c.,
as the orientation varies with some of
these devices. Holders should ideally be
used for each i.c. and the i.c.s should not
be inserted until the board is complete as
they are cmos and as such, are static
sensitive.

CASE
The remainder of the components in

the circuit are mounted in the diecast
box which houses the unit. The p.c.b.
assembly is mounted on short pillars on
the lid and all other components are
mounted as shown in Fig. 5. This
diagram gives the relevant positions of all
parts of the circuit and shows the wiring
information for each.

Note that the four b.c.d. thumbwheel
switches are soldered to a piece of strip -
board 24 holes by 5 strips and the diodes
D6 to D21 are mounted directly to the
pins as shown in Fig. 6.

The two regulators, IC7 and IC8, and
the power transistor, TR I, are all secured
using a mica insulating wash and plastic
bush mounting kit.

Finally RI is made from a piece of
nichrome resistance wire, measured to
find the correct length for three ohms and
then wound around a former and
soldered in place.

Resistors R2 and R3 each require two
wire -wound resistors to be connected in
parallel. R4 and R6 are each made from
two resistors connected in series,
the details of which are given in the
components list.

Finished Coulomb
Meter showing
the marking of
the controls. Note
how the unit has
been designed for
use in the class-
room with the
display visible
from the front and
controls acces-
sible from the
top. Photograph
(right) shows the
inside of the case
and the use of
spiral cable wrap-
ping for neatness.

K.7'147,t7
Data Preset

Load

Counter Register

Re et

Up Pause
Count

Down

Teachers' eye -view of the controls.

OPERATING INSTRUCTIONS
The sequence of events is as follows:

I. Plug in and switch on the mains switch.
This switch is up for ON as is the accepted
standard (allowing for the unit to be
speedily "knocked" off in an emergency).
The display should be blank and the ZERO
indicator illuminated. If not, press the
RESET button.
2. For a chemical electrolysis experiment,
the circuit is made as shown in Fig. 7.
3. Using a small screwdriver, set up the
desired maximum charge on the DATA
PRESET switches. Press LOAD REGISTER.
4. Switch on the external power supply
and select the best CHARGE PER COUNT
position on the range switch. The
OVERLOAD indicator should not illumin-
ate when the experiment commences.

RHEOSTAT
000.0)

ELECTROLYSIS
EXPERIMENT

Fig. 7. Set up for chemical electrolysis
experiment.

The prototype p.c.b. Note the in-
sulating material beneath the board.

(For this type of experiment, the 100mC
and 10mC ranges are suitable.) COUNT
switch should be in UP position.
5. Press RESET once again and commence
with the experiment. The meter will
switch itself off when the preset charge
has flowed.
6. For discharge experiments (for exam-
ple, a capacitor), the COUNT switch
should be in the DOWN position and the
desired charge entered into the DATA
PRESET switches with the small screw-
driver. Press LOAD COUNTER.
7. Press RESET and begin experiment.
ZERO indicator signifies the completion of
the discharge.
8. The PAUSE switch may be used to
record data at any time without stopping
the counter.
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Catalogues Received
After the last edition of the Maplin

catalogue, we have been eagerly awaiting
news of the 1982/3 copy as we did not
think it possible to make further improve-
ments. Now that it has arrived, the first
observation, just from the bulk of the issue,
is that the number of pages has been
increased considerably.

This "Rolls-Royce" of catalogues now
contains 392 well illustrated pages. There
are many new lines listed and two new
sections.

A new Communications section contains
details of CB accessories, intercoms, radios
and telephone systems.

The other additional section is, of course,

devoted to the world of the Computer.
Here, amongst a 37 -page section, are listed
seven of the most popular home computers
on the market and a host of software, in-
cluding language courses.

Within the resistor section, the 2 per
cent Metal Oxide and the 1W 1 per cent
Thick Film ranges have been replaced by a
high stability, low noise Metal Film range.

These are rated at 1 per cent 0.4W and
are cheaper than the ranges they replace
(2p each). However, to produce close
tolerances below 10 ohms and above 1

megohm is costly and values in these
categories are more expensive.

Copies are available from W. H. Smith for
the sum of £1.25 or direct from Maplin,
price £1.50, including post and packing.

CONSTRUCTIONAL PROJECTS
Personal LS Amplifier

Apart from our regular constructors, the
Personal LS Amplifier is also likely to
appeal to the less experienced reader, so
special arrangements have been made with
RT-VC to supply selective kits.

The kits are broken down into packages
and consist of the following:

Stereo power amplifier printed circuit
board, with all components, £3.50
plus 75p post and packing.
Power supply £1.95 plus £1.50 post
and packing.
Pair of elliptical speakers-£1.50 plus
f 1 post and packing.
Set of plugs and sockets-£1.50 plus
post and packing.
Case for the amplifier-£2.95 plus
80p post and packing.

For two or more kits the postage and
packing is £1.75, inclusive.

Note that the parts not "starred" in the

components list are readily available items
and should not present any problems.
Coulomb Meter

The semiconductor devices called for in
the Coulomb Meter project are fairly com-
mon devices and stocked by most good
component suppliers.

However, those devices which could
prove troublesome to locate are designated
with the RS Components part number in
brackets in the components list. Any bona
fide RS stockists should be able to order
these items for you.

If difficulties are experienced in obtaining
the Nichrome wire resistor (R3), two 1 .5
ohm vitreous wire -wound, i.e. "china",
resistors could be used in its place. These
resistors should be wired in series.

To obtain the type of accuracy specified
for this instrument, all resistance tolerances
should be as indicated.

A to D Converter for PET Computers
The A to D Converter i.c., Type ZN427E,

used in the A to D Converter for PET Com-
puters is available from Europa, Rapid,
Bradley Marshall and Maplin Electronics.

The interconnecting plugs and sockets
are now stocked by most advertisers and
usually sold as Inter p.c.b. (printed
circuit board) connectors.
Opto Repeater

The photo Darlington transistor, Type
2N5777, used in the Opto Repeater should
be available from most components shops,
but in case of difficulties it is usually
stocked by Cricklewood, Maplin and Rapid.

The 10A mains relay is available from
Maplin Electronic Supplies and is listed as a
Ultra Miniature High Power Mains Relay.
This can be ordered as YX97F (10A Mains
Relay). Other relays can be used but due
consideration to loads being controlled
must be taken into account and contact
ratings selected accordingly.

CIRCUIT BOARD DRILL
I enclose a simple design for a printed circuit board drill. The

drill consists of a cheap d.c. motor (Tandy 273-208) with the
drill bit attached to the motor shaft with a length of plastic
tubing from a spent cotton bud.

A suitable length of tubing is cut off, and the drill bit made a
secure fit in one end, using Araldite if necessary. The other end
is enlarged slightly and pushed onto the motor shaft. Several
drill bits can be prepared this way and can be removed from the
motor shaft after use, leaving the tube on the drill.

SUITABLE LENGTH TO
COVER DRILL SHAFT

k
DRILL
SHAFT

COTTON BUD
STEM

MOTOR SHAFT

4mm

MOTOR

ON/OFF

6V

I TI

The prototype
drill runs on four
HP2 batteries in
series, and can be
used with drills up
to 1.6mm dia-
meter. It copes ef-
fortlessly with
1mm drills and has
sufficient torque to
drill holes up to
1.6mm diameter.

S. Pearson,
Kidlington,

Oxon.

(PRACTICAL

ELECTRONICS
JANUARY 1983)

SPECIAL
CAR ELECTRONICS ISSUE

Digital Tachometer
Frost Warning
Audio Booster

PLUS
Microcontroller Part 3
Micrograsp Robot

Part 2
Microfile-looking at

the Z80
Microprocessor

SPECIAL OFFER
ULP-1 Memory Logic

Probe

ON SALE NOW
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A NEW SERIES FEATURING A TEARLESS-.
TOP TECHNIQUE BYZEORGE HY!: 910404

/

INTRODUCING
ELECTRONICS
Part 4 AMPLIFIERS

sO FAR we have made and used tran-
sistor amplifiers without worrying too

much about how they work. Now it's
time to take a closer look. We shan't be
going into transistor physics, and only
one of the main types of transistor will be
used. This is the bipolar transistor, that is,
the kind designated npn or pnp. You can
learn about the other main class, the field
effect transistors, by following up articles
in EE.

PREPARING FOR ACTION
We are going to take a close look at

ways of turning a transistor on; that is,
making collector current flow.

A 10 kilohm pot. and control knob.

To do so in a controllable way we'll
use a potentiometer; to be precise a 10
kilohm log. law carbon -track volume
control. These are often used in practical
circuits so it will come in handy later. If
you buy one with a built-in on -off switch
it will be even handier, though you won't
need a switch at the moment. One with
eyelet tags as shown in Fig. 4.1 is
preferred. Get a knob for it as well, and if
possible a blob of Blu-Tack or Plasticine
to anchor it to the table top, plastic tray
or other base board you are using.

A resistance of 3.31d2 appears in one
circuit. You could use three 10k0
resistors in parallel but it's neater to buy

A C

CLOCKWISE ROTATION
OF SHAFT MOVES C
TOWARDS A

Fig. 4.1. A shafted potentiometer
with eyelet tags, and its circuit
symbol.

the right one. (Better, several. 3.3k0 is a
commonly used value.) Also a lOnF
(0.01µF) capacitor, best a polystyrene
type with long leads.

By now you may be running out of
space on terminal blocks and an extra
one will be useful: remember, only the
2 -amp type is small enough to accom-
modate the transistors we are using.

BIASING
Since this series dispenses with

soldered joints you have a problem in
making connections to the volume con-
trol (Fig. 4.1). First make sure the three
tags A, B and C are clean and bright, or
scrape until they are.

Take three 200mm lengths of fairly
thin plastic covered connecting wire
(preferably all different colours) and bare
about 40mm at one end. Wrap the bared
wire tightly round a tag and go on wrap-
ping when you come to the insulated part,
putting on a further few turns to hold the
bare wire in place. If the tags have holes,
finish by threading the loose end through
a hole to discourage uncoiling. Bare a
short section from the free end of each
wire.

Your first circuit this month (Fig. 4.2)
provides an adjustable base bias current
which arrives via the upper part of VR1
then R1. If you have made the connec-
tions correctly, the Indicator will light
when the knob is turned far enough
clockwise. Think of the slider C as pick-
ing up a portion of the battery voltage
from the track A -B. With the knob fully
anti -clockwise, C is at B and the voltage
picked up is zero.

As you turn clockwise and increase the
voltage at C a point is reached where
there is enough to drive a base current
through RI, the base and the emitter and
begin to turn on the transistor. The 1.e.d.
in the Indicator will glow when the
voltage at C is about 1V.

Since some voltage is expended in R1
it follows that the voltage at the base is
less. Typically, this working base -emitter
voltage (VBE) is 0.7V for a turned -on
silicon bipolar transistor. To turn on an
npn transistor like the BC 107 or

The wired up pot.
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VR1

(b)

,4.74*:.!..4,74;.*

BATTERY
HOLDER

C

VR1
10kR

R1

L.E.D.
INDICATOR

TR1
BC107

I B1 -B4
I 6V 14 x 1.5V)

(a)

Fig. 4.2(a). Circuit to illustrate the
action of a transistor using a poten-
tiometer to adjust the base bias
current.

L.E.D. INDICATOR

Fig. 4.2(b). The layout on the screw
terminal blocks for the circuit shown
above.

BCY65EP the base must be positive com-
pared to the emitter. With pnp transistors
everything is reversed and the base must
be negative.

VBE doesn't change much with current.
It is always roughly 0.7V (say 0.5 to 1V).
It falls as the temperature of the transistor
rises. Nearly all the behavioural features
or parameters of transistors are tem-
perature dependent and circuits have to
be designed to avoid malfunction from
temperature effects.

THE FINGER TEST
To illustrate this, build the circuit of

Fig. 4.3. Here TR 1 is turned on as before,
but any change at its collector is passed
on to the base of TR2 and amplified. So
TR2 is a sensitive indicator of changes in
TR1.

Close up view of the pot, fitted with
extension leads. The ends have been
threaded through the eyelets after
wrapping to hold firm.

With VR1 slider at B the Indicator
l.e.d. lights. As the control is turned
clockwise (C moving towards A) the I.e.d.
suddenly goes out. This is the reverse of
what happens in the circuit of Fig. 4.2
where clockwise rotation turns the l.e.d.
on.

Why? Well, with the slider at B, TR1
is not turned on. It passes no collector
current. But current can flow freely from
battery positive through R2 to the base of
TR2, turning it on and lighting the lamp.
As VR1 is turned up and TR 1 comes on,
the flow of its collector current in R2 uses
up battery voltage until at some setting of
VR1 there is not enough left to turn on
TR2.

VOLTAGE INVERTER
Two important facts emerge from this

behaviour. First, that TR 1 evidently goes
on working even when its collector
voltage is less than the 0.7V needed to
turn on TR2. Since the base voltage of
TR1 must be in the region of 0.7V too, it
follows that TR 1 passes collector current
even when its collector is less positive
than its base. This is true of npn tran-
sistors in general.

Secondly, the "TR1 on, TR2 off"
behaviour of the circuit illustrates how a
single common -emitter stage acts as a
voltage inverter. That is, a positive -going
voltage at the base makes the collector
less positive. Since TR2 is also a
common -emitter stage, it in turn inverts
the voltage.

Two inversions restore the original
polarity. A positive "signal" to TR 1 base
produces a positive output at TR2 collec-
tor. The two -stage amplifier as a whole is
non -inverting.

The experiment of Fig. 4.2 in progress.

When, later on, you get around to
using the very handy little packages of
voltage gain called operational amplifiers
you'll find that these give a choice of in-
put terminals, one for "inverting" and one
for "non -inverting" amplification. But op -
amps need soldered connections so we
can't play with them here.

But let's get on with studying tem-
perature effects. Adjust VR1 so that the
Indicator just glows distinctly. Squeeze
TR1 gently between your finger and
thumb for a few seconds. The warmth of
your hand makes the l.e.d. go out.
Breathing heavily on TR 1 may have the
same effect. Left alone, the circuit slowly
recovers and the l.e.d. glows again. If you
can cool TR1 by holding an ice cube
against it you can arrange to turn on the
l.e.d. from the just -off state. The ice cube
should be contained in a plastic bag.

TEMPERATURE
STABILISATION

We don't want our circuits to be upset
by small changes in temperature. We
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Rl lOkil

VR1
10k11

B

R2
10kfl

TR1
BC107

L.E.D.
INDICATOR

b gT R2
e

BC107

Fig. 4.3(a). A two -stage amplifier circuit. Connecting
wire A from VR1 to TR 1 collector (dotted lead) instead
of B1 +ve introduces negative feedback.

must stabilise them. One way is to dis-
connect tag A of the pot. from the posi-
tive -battery line and re -connect to TR1
collector as shown dotted in Fig. 4.3.

You'll find that the sensitivity to tem-
perature is reduced. The reason is that if a
temperature rise causes TR 1 to pass
more current its collector voltage falls.
Since this is now the voltage that supplies
current to VR1 the change is resisted.

This is one example of a negative
feedback circuit: negative feedback
reduces the effects of an input "signal",
whether it is a "real" signal voltage or
current or a spurious change due to
temperature.

AUTO BIAS
The practical application to single

stages is the "auto bias" circuit of Fig.
4.4, where a fixed bias resistance RI is
used. The rule -of -thumb design formula is
to make RI greater than R2 by the d.c.
current amplification factor hFE of the
transistor. Thus if R2 is 1kQ and hFE is
100, RI is made 100ka The collector
voltage then sits at a little over half the
battery voltage.

The trouble with the circuit in Fig. 4.3
is that only TR1 is stabilised. It would be
better to feed back bias from TR2, to
stabilise it as well. This calls for a change

in the circuit (Fig.
4.5). Omit C I at this
stage. You'll find that
the "Finger Test" now
has almost no effect
on the I.e.d.

Fig. 4.4. A single -
stage transistor
amplifier with
auto -bias.

BATTERY
HOLDER.

Fig. 4.3(b). The components in the
above circuit wired up on the screw
terminal block.

L.E. D. INDICATOR

k

The first part of the experiment of Fig. 4.3.

Introducing negative feedback in the circuit shown in
Fig. 4.3.
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RI

CI
a lOnF

111111111111

TR2
BC107

R3
10012

L.E.D. INDICATOR

TL1
CRYSTAL
EARPHONE

(a)

Fig. 4.5(a). The circuit for a simple oscillator. The out-
put tone (heard in TL1) can be varied by VR 1.

Fig. 4.5(b). The layout of the
components on the screw ter-
minal blocks for the circuit
shown in Fig. 4.5(a).

lit1117ZrAd
BATTERY
HOLDER

The circuit of Fig. 4.5 fully wired up.

0111

TLI
CRYSTAL
EARPHONE

OSCILLATORS

Connect Cl and a Crystal earphone as
shown dotted in Fig. 4.5. Adjusting VR I
produces a whistle whose pitch can be
varied (actually between about 1.5 and
4 kilohertz). Whereas the temperature
stabilisation of the circuit relies on
negative feedback, the oscillation relies on
positive feedback.

C 1 couples the non -inverted output
back to the input. Any change of voltage
at TR I base (the input point) is amplified
and fed back via C 1 to produce an even
bigger change. The circuit runs away with
itself and takes the form of an oscillation.

You might suspect that this positive
feedback would upset the temperature
stability but it doesn't. This is because C 1

blocks any steady or d.c. voltages, pass-
ing back to TR I only varying or a.c.
voltages.

NOISE
In an oscillator, any a.c. voltages at the

input get amplified then passed back then
amplified again, and so on for ever, or
until the battery runs out!

Clearly, with both TR I and TR2
turned on ready for action, any voltage,
however small, will build up as it goes
round and round the circuit until full
strength oscillation is produced. You can
tell by adjusting the pot. and listening that
the build-up is very rapid. (Strictly speak-
ing, I should be talking about "signals"
rather than "voltages" since both voltages

and currents are involved.) But where
does the initial signal come from?

The answer is that every electronic cir-
cuit automatically generates minute a.c.
signals. They are due to random move-
ments of electrons and they are referred
to as "noise". Let's rearrange our circuit
to illustrate this, see Fig. 4.6.

To begin with, leave out C2. The cir-
cuit should now oscillate much as before
as VR1 is adjusted. Now connect C2 and
wait a while. The circuit oscillates more
violently. Probably it will turn itself on
and off at some settings of VR1. This
intermittent oscillation is called "squeg-
ging."

When you have finished amusing your-
self with these peculiar sounds, discon-
nect C 1. The result is silence. But not
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(a)

Fig. 4.6(a). A simple circuit to produce intermittent
oscillations. When C1 is removed, the circuit acts as a
white noise generator and amplifier.

(b)

BATTERY
HOLDER

II

T1
CRYSTAL
EARPIECE

Fig. 4.6(b). The layout of the components around the
screw terminal block for the circuit shown in Fig.
4.6(a).

The experiment in Fig. 4.6 in progress.

quite. Listen carefully and you'll hear a
gentle hiss. That's the noise.

It's often called white noise. White
light is a mixture of all colours equally.
White noise is a mixture of all frequencies
equally. When you make the circuit os-
cillate it doesn't matter what frequency it
is tuned to: there's always some of the
right frequency in the white noise, so it
always oscillates, so long as the amplifi-
cation is sufficient.

Noise puts a limit on the amount of
amplification that can be used. For
reasonably intelligible speech, the speech
signals must have about ten times the
voltage or current of the noise. If the

noise voltage is a millionth of a volt (one
microvolt, 11.tV) the speech must be at
least 10µV (for good quality, much
more). There's just no point in making an
amplifier which will give full output from
a speech signal of, say, 3µV because the
speech will be smothered by the noise.

Almost the only thing to be done is to
restrict the bandwidth as much as possi-
ble. Noise happens at all frequencies.
Speech doesn't. It contains nothing below
about 100Hz or above about 10kHz, so if
you can filter out all frequencies outside
the band 100 to 10,000Hz you can
reduce noise. In fact, you can do better.
Speech is still intelligible when the

bandwidth is reduced to 300 to 3000Hz.
This is the band used in some telephone
systems. For Morse code reception an
even narrower band is sufficient, which is
why Morse or "carrier wave" (CW)
signals can get through noise which
drowns speech.

To some extent the ears themselves
can filter out the noise, but with the aid of
electrical filters much greater improve-
ments are obtainable. Note, however, that
the penalty for transmitting in the face of
noise is a reduced rate of information
transmission. Morse is slower than
speech.

To be continued
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COUNTER INTELLIGENCE
Rewarding Hobby

With the approach of Christmas I know
we shall see thousands of electronic games
appearing. Frankly, they wouldn't hold my
interest for more than five minutes, I would
just as soon play Scrabble or read a book.

I am equally sure that many a Christmas
stocking will have a soldering iron and
other similar items sticking out of the top.
This is all to the good because electronics is
a hobby that can be started at 10 and can
last a lifetime, and how many other hobbies
can match up to that?

It is particularly important because once
a youngster has started on electronics it
will not be long before he thinks up his own
ideas. As Clive Sinclair stated on television
recently, "Our biggest asset was the ability
to dream up original ideas".

Company Report
In the last three months I have included

write-ups on one or two friends in the elec-
tronic business who have made a success
of their respective trades. Being Christmas
time, I thought I would like to deal with the
story of someone, although equally in-
teresting, who hasn't yet made it to the top.
I refer to Tom Powell of T. Powell.

When he was a boy, Tom was interested
in listening to short-wave broadcasts. He
also liked to take things to bits to see how
they worked. He made a crystal set and
having no soldering iron, twisted all the
bare wires together. To his astonishment it
worked. At a later date he soldered it and it
wouldn't work at all.

He left university at the age of 19 and
took a job in the radio department of the
Civil Service Stores, a large store in the
Strand. Like many of us, he had a turning
point that altered his entire future.

Apart from radio he was always
fascinated by newspapers and advertising.
The centre of all this was, and still is, Fleet
Street. This being only a short walk from
the Strand, one lunch-time, in 1953, he
walked down there and what caught his
eye was not the newspaper offices but a
firm called ELPREQ (Electronic Precision
Equipment).

The window was filled from top to bot-
tom with electronic components, all
carefully labelled and priced. Tom couldn't
take his eyes off it.

In the centre of the window was a notice
saying there was a vacancy for a salesman.
He marched boldly in and spoke to the
manager, a Mr Kaye. He said he would like
the job. With honesty which is typical of
him, he added he knew nothing about elec-
tronics at all. He was still taken on.

It was during 1960 that he had the idea
of making up an electronics kit. He made
one up experimentally and put it in the
window. Ten were sold the first day. As he
received no encouragement he just stored
up the idea for future use.

After spells with Radio Traders and
Radio Clearance, Tom decided that he now
had enough experience to start on his own.
In 1967 he founded a company called
Elekon, concentrating mainly on mail order.

In 1972 he decided he would travel the
country dealing mainly in surplus electronic
equipment and for the next few years he
could be seen burning up the motorways,
Manchester one day and Southampton the
next. Although this was highly successful, it
was wearing both on the car and the driver.

In 1977 he opened a shop in St Paul's
Road, London Ni. This proved a great
success, and it was then that he revised the
idea for doing the projects in the various
magazines as kits. As a result he was

obliged to move into larger premises to
have the necessary space. He then closed
the shop.

If times had been normal he would by
now be approaching the tycoon status, but
the recession was beginning to bite deeply.
Orders fell off and he still had rent, rates,
lighting and wages to meet. He then made
a daring decision to reverse his policy and
open another shop.

At the beginning of September 1982 he
opened his second shop at 311 Edgware
Road, London W2.

This venture looks like being a great
success, and I am delighted.

Conundrum Apology
I owe readers an apology. I promised to

give them the answer to my riddle the
following month, forgetting that that edi-
tion had already gone to press. You may
remember I asked, how do prisoners com-
municate between cells by knocking,
without knowing the Morse Code?

The answer is this. If you draw six ver-
tical lines spaced at about half an inch, and
on top of them draw six similar horizontal
lines, you will have produced a grid of 25
squares. If you write down the alphabet
horizontally in these squares (you will have
to miss out one letter, either "Q" or "Z", or
a letter that can be substituted by another),
you are now ready to make a start.

The first knock would indicate the line,
the second the number of spaces along.
For example (missing out the letter "Q"),
supposing you wanted to send the word,
"Radio". It would be 4 taps followed by 2
taps, 1 tap followed by 1 tap, 1 tap
followed by 4 taps, and so on.

I do hope you never have to use it. Happy
Christmas.

JACK PLUG & FAMILY... BY DOUG BAKER

DID I TELL YOU I BOUGHT
A LIE DETECTOR SACK?

O 00

d I At t;t 0

\-W1
(I'VE HAD ONE)/

FOR TWENTY YEARS.

YOU'RE PULLING)
MY LEG.

0 rifoia,
.........

rik

t I I

I MARRIEDN
RIGHTSHECE THROUGH ME.
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a TO D
COMPERTER
FOR PET COMPUTER

BY J. ADLINGTON, L.CHAPMAN AND J. MONK

MANY schools are now in possession
of one or more microcomputers and

it is not, perhaps, generally realised that
with suitable interfacing techniques, these
machines can be used to access, measure
and process analogue data from measure-
ment transducers.

Many existing laboratory instruments
for measuring physical parameters
provide an analogue output, the size of
which is usually indicated by a moving -
coil meter. Such instruments include
typically electronic thermometers, pH
meters, sound level meters, radiation
detectors, and so on.

The project to be described here is an
Analogue -to -Digital (A/D) Converter
which will process such analogue voltages
and convert them into an 8 -bit digital
representation which can be recognised
and manipulated by a microcomputer.

The system described is designed for
use with the User Port connections of the
PET series of microcomputers, although
it could be adapted for most of the other
popular machines.

The basic unit provides full scale
inputs of 100mV, I V and 10V which

covers the output of many laboratory
electronic measuring instruments.

CIRCUIT DESCRIPTION
The complete circuit diagram for the

Analogue -to -Digital Converter is shown
in Figs. 1 and 2, the latter being the mains
derived power supply section.

Referring to Fig. 1, the analogue input
signal reaches the unit at SK 1 where it
is scaled down by the potential divider
formed by precision resistors R 1 to R5.
These provide three input amplitude
ranges: 100mV, IV, 10V and are selected
by Si.

IC 1 is an op -amp used in the non -
inverting mode. The voltage gain is set at
x25 by the feedback resistors R6 and R7.
Close tolerance (1 per cent) resistors en-
sure that the gain is close to this nominal
figure. VR I, a preset potentiometer,
provides an off -set null facility for IC 1.

The maximum input voltage to the
ZN427E converter i.c., IC3 should not
exceed 3-5V, otherwise the integrated cir-
cuit will be damaged. DI, a 2.7V Zener
diode gives protection against this,

without interfering with operational
amplifier outputs.

A to D CONVERTER
The ZN427E is an eight -bit resolution

converter of the successive approxima-
tion type, in which the analogue input
voltage is compared with "trial" voltages
generated within the device. Special
registers set the digital output bits at a
1 or a 0 according to the result of the
comparison. An eight -bit digital signal
gives an accuracy of 1 in 256 or about
0.4 per cent.

The digital output latches of the
ZN427E are "tri-state". This means that
they can represent a logic 0 or 1 or, when
the outputs are not required to be read,
they can assume a very high impedance
state, thus effectively disconnecting them
from the microcomputer. This is impor-
tant since data appearing at the
microcomputer input when not required
would cause problems.

PET USER PORT
This digital information is connected

directly by multicore cable to the connec-
tions PA I-PA8 on the User Port of the
PET.

There are three more connections
between the Converter and the micro-
computer User Port:
SC-Start Conversion
EOC-End Of Conversion
OE-Output Enable. When OE is at
logic 1, the data outputs

All of these "protocol" signals are
handled by software.

The two cmos gates IC2a and IC2b
are wired as an astable running at about
250kHz. This forms the system clock.
The system clock determines the conver-
sion time. The conversion time lasts for
nine clock cycles which gives a conver-
sion rate of about 28,000 per second,
more than fast enough for most applica-
tions.

POWER SUPPLY
The power supply section of the Con-

verter is shown in Fig. 2. Mains voltage
enters the unit through panel mounting
plug PL4. Switch S2 connects the mains
to the primary of T I, a step-down
transformer with two independent secon-
dary windings rated at 9V 500mA each.

The operation of each half of the cir-
cuitry following each secondary winding
is identical, with the top half providing the
+ve supplies with the lower half supply-
ing the negative supplies. Only the top
half will be described.

The 9V r.m.s. voltage developed across
T1 secondary is full -wave rectified by D7
to DIO to produce pulsed d.c. with a peak
value equal to about I2V. This is
smoothed by C11. Sufficient voltage ex-
ists across the series combination of R13
and D2 to cause Zener action to occur:
D2 "breakdown", developing 10V across
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Fig. 1. Circuit diagram of the A to D Converter.

Similar action occurs with R15 and D4
except that here a 5.1V Zener diode is
used, providing a +5V d.c. supply at
SK6b.

The negative supply is also used to
power the "power -on" indicator l.e.d. D6.

R17 limits current flow through D6 to a
safe level.

The power supply delivers +10y, OV,
and ±5V lines to power the circuitry in
Fig. 1. These are available at floating in-
sulated sockets to mate with board fitted
plugs.
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Close up view of the board C which is
mounted on the front panel.
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CIRCUIT BOARDS
The prototype Converter was con-

structed using three pieces of 0.1 inch
matrix stripboard: board A to hold the
power supply stage, board B to accom-
modate the digital converter section with
system clock, and finally board C to hold
the input scaling circuitry, see Fig. 3.

This layout is not particularly critical
and may be changed to suit. All interwir-
ing between boards is either carried out
using board mounted plugs and floating
in -line sockets, or soldered connections at
Veropins. This technique allows all the
components and boards to be positioned
in the case and then wired up in situ.

Beginning with board A. The layout of
the components on the topside of this
board is shown in Fig. 3. The only breaks
to be made on the underside of the strip -
board (34 strips x 42 holes) are those to
isolate the transformer fixings from the
rest of the circuitry. These are shown dot-
ted in Fig. 3, board A topside view.

The stripboard is sandwiched between
the transformer and the base of the case
and held secure by the fixings for Ti
which pass through the case base. The
transformer is a heavy component and
should not be supported by the stripboard
alone.

Assemble the components as shown
paying special attention to capacitor and
diode polarities. Order of assembly is am -
important. Fit the flying leads to the
board and attach the in -line sockets.

The transformer needs to be fitted to
the board only at first, to allow the sets of
winding tags to be connected to the board
using tinned copper wire. The trans-
former is wired up and then the fixings
removed and replaced again only this
time through the case base as well, and
tightened to hold the board secure.

Prepare the front and rear panels to
accept the components to be mounted on
them, and fit in place. Wire up the mains
supply components: PL4, S2, FS1 and
D6.

When these have been checked, the
mains supply can be connected to the unit
and switched on. Check the voltage levels
at each of the six socket positions from
this board. The voltage levels should not
differ appreciably from the values in-
dicated on the circuit diagram, Fig. 2.

It is a good idea to label the in -line
sockets with the voltage levels they con-
tain and to indicate which way round
they are to mate with the plugs on the
other boards.

Board B topside layout is also shown
in Fig. 3, together with the breaks re-
quired to be made on the underside. The

0

0
0
0

0
0
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fixing holes are drilled to align with the
fixing lugs in the specified Verobox. If
fitting in another type of case, these holes
will probably need to be repositioned.

Fit the i.c. sockets followed by the link
wires, plugs, resistors, capacitors and
diode. Secure the board to the case using
short self -tapping screws and then fit the
integrated circuits paying special atten-
tion to polarity.

If these chips are incorrectly orientated
they will almost certainly be damaged

when the power is turned on. A notch ap-
pears on the chip between pin 1 and the
highest pin number. A circular indenta-
tion is also alongside pin 1 on many i.c.s.

The last board, C, is mounted on the
front panel by the fixing nut on Si, the
latter being soldered to the board, see
Fig. 3.

In the absence of a p.c.b. mounting
rotary switch, the eyelet tags on 51 have
been splayed out. The switch used and
shown here is a 2 -pole, 6 -way type fitted

COMPONENTS
Resistors

R1 750kQ 1% R10 68kil
R2 150kQ 1% R11 3.9k12
R3 180k121% R12 39052
R4 1801(121% R13 560
R5 10k0 1% R14 5652
R6 10k01% R15 560
R7 240k0 1% R16 68012
R8 15k0 R17 6800
R9 4 .7 ki2

All 1-W carbon ±5% except where stated otherwise.

Capacitors
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12

100pF ceramic or polystyrene
1µF 10V elect. radial leads
0.1µF polyester
100µF 16V elect. radial leads
0  1µ F polyester
100µF 16V elect. radial leads
0.1µF polyester
100µF 16V elect. axial leads
0.1µF polyester
100µF 16V elect. axial leads
1000µF 25V elect. radial leads
1000µF 25V elect. radial leads

Semiconductors
IC1 741 op -amp
IC2 4011 cmos Quad 2 -input NAND gates
IC3 ZN427E A to D Converter i.c.
D1 BZY88C2V7 2.7V 400mW Zener diode
D2,3 BZX61 10V 10V 1.3W Zener (2 off)
D4,5 BZX61 5V1 5.1V 1.3W Zener diode (2 off)
D6 TIL220 0.2 inch red I.e.d.
D7-D10 W005 lA 50V bridge rectifier (2 off)D11-D14

Miscellaneous
T1
FS1
VR1
S1
S2
SK 1
SK2
SK3
SK4
SK5
SK6
SK7
PL2
PL3
PL4
PL5
PL6

mains primary/0-9V, 0-9V 500mA secondaries
1A 20mm
lokn 1 inch multiturn cermet preset
2 -pole 6 -way rotary switch
miniature ON -OFF toggle
b.n.c. panel mounting socket
1 -way inter p.c.b. socket
12 -way inter p.c.b. socket
PET User Port Connector
4 -way inter p.c.b. socket
4 -way inter p.c.b. socket
4mm insulated panel mounting socket
1 -way p.c.b. straight plug
12 -way p.c.b. straight plug
3 -pin chassis mounting mains plug
4 -way p.c.b. straight plug
4 -way p.c.b. straight plug

see

ShoTa

page 23

Stripboard, 0.1 inch matrix: board A 34 strips x 42 holes, board B 34 strips x 32
holes, board C 34 strips x 18 holes; i.c. d.i.l. sockets, 8 -pin, 14 -pin, 16 -pin (1 off
each); 4BA solder tag; single -sided Veropins; control knob; 4BA 20mm long
screws, nuts and washers (2 off each); small self -tapping screws (2 off); tinned
copper wire; sleeving for tinned copper wire; 20mm panel mounting fuseholder;
length of 3 -core mains cable fitted with in -line socket to suit PL4; length of 12 -
core cable; Verobox type 202-21036C or similar.

with a stop to make a 3 -way switch. The
two poles of the switch were bent flat one
on the other and soldered together and to
a length of tinned copper wire to reach
the Veropin at location U9. This is also
soldered to a tag on S 1, see diagram.

Begin construction by inserting the
Veropins and then secure Si to the board.
Next insert the i.c. socket, linkwires,
plugs, resistors and capacitors in this or-
der. Finally connect the flying lead fitted
with an in -line socket, SK2 and fit the i.c.
in the socket paying attention to its orien-
tation.

With all the boards and panel
mounting components securely in place,
the unit may be fully wired and plugged
as indicated in Fig. 3.

It only remains to wire up the socket
SK3 which connects to the cable which
goes to the PET User Port connector.
Details of the interwiring between SK3
and SK4 are given in Fig. 3.

In the prototype, after the leads had
been connected to SK3, the socket top-
side was filled with Araldite to hold the
wires in good contact. A bad contact at
SK3 at any time would cause the system
to malfunction. With this complete, the
unit is now ready for connecting to the
PET and final adjustments can be made.

BASIC TEST PROGRAM
100 REM BASIC TEST PROGRAM
110 PB=59456:DDRA=59459:

PCR=59468:PPA=59471
120 REM INITIALISATION
130 POKE PCR, (PEEK(PCRI0R192)
140 POKE PCR, (PEEKIPCR)AND223)
150 POKE PB, (PEEK(PB)0R9)
160 POKE DDRA, 0
170 GOSUB 2000
180 PRINT "",D
190 GOTO 170

2000 REM CONVERSION
2010 POKE PB, (PEEK(PB)AND247)
2020 POKE PB, (PEEK(PB)0R8)
2030 POKE PCR, (PEEK(PCR)OR32)
2040 D=PEEKIPPA)
2050 POKE PCR, (PEEKIPCR)AND223)
2060 RETURN

TESTING
Short circuit the analogue input socket,

SK 1. This is easily done using a short
length of wire fitted with crocodile clips at
each end and clipping one end to point X,
the other to point Y on SK 1 and SK7
respectively, in Fig. 3. Connect the unit to
the PET computer.Turn on the Converter
and then the computer. The computer
should function as usual. If not, switch off
and investigate. Load the Basic Test
Program. On running the program, a 0
should be printed in the top left-hand
corner of the screen.

The 741 off -set null control, VR1 on
board C should now be rotated until the
screen prints values slightly above zero
and then backed off until a steady zero is
just obtained. Alternatively, if a digital
voltmeter is available, the off -set null con-
trol can be adjusted to give zero output at
pin 6 of the op -amp IC I. 0
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Everyday News
THE ELECTRONICS FAIR

All the "hustle and bustle- of the fair is evident in this photograph.

Visitors watching model control vehicles being put through their paces in the
special display area.

The old looks down on the new. The
aerial dish in the foreground was
receiving Russian TV satellite pictures
and showing them inside the hall
throughout the show.

T

abundance. In fact, apart from
special "live" demonstrations, vir-
tually every component supplier
brought along something that
would attract attention, albeit a
flashing light or sound blaster.

Highlights from the active ex-
hibits were: radio -control models
being put through their paces;
robots on the move; Royal
Signals Army apprentices at work
and TV pictures from the Russian
Ghorizont satellites. Demonstra-
tions of the capabilities of hollo-
graphic displays, electronic organ
and piano were also given.

Make a Date
The Electronics Hobbies Fair

has now firmly established itself
as a major exhibition of the home
electronics enthusiast, and it is the
aim of the sponsors to make next
year's show an even bigger and
better event.

So, book your date now! It is
10 to 13 November, 1983.

\At
Over 11,000 visitors passed through the turnstiles at the first

Electronic Hobbies Fair, held at the Alexandra Pavilion, Alex-
andra Palace, London.

"Electronics is a Fine Hobby". This was the slogan from one
of the stands, to this we would add "The Friendly Fair" and you
get some idea of the reception accorded visitors to the Fair.

ELECTRONIC
HOBBIES FAIR

People from all ages, young
and old, found something of in-
terest for them and commented
on the bright and attractive
appearances of all stands.

Feedback from most exhibitors
was one of general pleasure with
the design of the stands and fairly
brisk business. One of the most
popular lines was in cases, this
was followed closely by test
meters and breadboarding
systems.

Computer hardware and
software, including "add-on's",
was well represented on many
stands. Several stands had dis-
plays of home computers in
operation.

The amateur radio fraternity
- were well catered for by such
items as aerial arrays, transmit-
ters and receivers. Publications
and books on radio were also on
prominent display.

Live Shows
No show would be complete:

without a collection of working
models, indeed, these were in

Just some of the visitors awaiting their entrance to the
Electronic Hobbies Fair.
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. . . from the World of Electronics

AIRLINE SHOCK
Transatlantic travel for

businessmen could become a
thing of the past through video
conference, by satellite, in which
executives in the UK and USA
can hold business meetings face-
to-face as if they were talking
across the same table.

The service will initially be
from specially equipped studios
but a low-cost terminal with TV
camera and monitor screen in a
single unit is under development
by British Telecom for use from
customers' own offices.

In the Sewage!
The water industry in conjunc-

tion with electronics companies is
proposing that the cabling of
Britain can be most economically
achieved by laying the cable in
sewage pipes which reach 99 per
cent of houses.

The cable would be carried in
conduits secured by adhesive
above the liquid level and
probably installed by robots.

Micros in Medicine
Freeman Hospital, Newcastle,

is to get six Unibed installations
from Oxford Medical Computers
to demonstrate the use of micro-
electronics in medicine through
automatically monitoring a
patient's temperature, respiration,
heart rate and other parameters.

They are being supplied under
the Department of Industry's
MAP programme.

COMPUTER
PROGRAMME

The Alvey Committee set up to
investigate a fifth generation com-
puter programme for the UK has
recommended £350 million
investment in a five-year
programme starting on April 1,

1983.
The Committee suggests a go -

it -alone programme for the UK
but with selective co-operation
with the Japanese, the Americans
and with Common Market coun-
tries. In effect, keep all options
open.

More IT Centres
The Department of Industry is to set up a further 50 Information

Technology Centres at a cost of £12 million. This will bring the total to
150 in about two years time.

The centres are for training young people in computer operation and
maintenance.

Fully automated 'factories -of
the -future" are forecast to reduce
the labour proportion of total
production costs from a typical 30
per cent today to as little as four
per cent in a few years time.

Water-cooled
Honeywell's new super com-

puter range has such high pack-
ing density of chips with conse-
quent heating problems that they
are water-cooled.

Water cooling is 100 times
more efficient than air say
Honeywell who have dubbed the
technique Silent Liquid Integral
Cooler (SLIC).

BBC engineers are reported to
have modified the Crystal Palace
BBC2 transmitter to accom-
modate stereo sound on an ex-
perimental basis. But the BBC
has not decided whether stereo
will be introduced on a regular
service.

OLD BILL STRIKES BACK
In an unprecendented move, the Government is to have

powers to confiscate equipment and powers of arrest under
amendments to the Wireless Telegraphy Acts 1949 to 1967.

Crack -down on CB interference expected under new Telecom-
munications Bill.

Tough control of sales, manufacture and possession of all illegal
telecommunications equipment, including CB radio, outlined in
Government paper.

The Government Telecommunications Bill, just published, sets out to update
penalties for wireless telegraphy offences and introduce new powers to deal with
illegal uses.

Sale and Possession
To reduce or prevent interference, the Secretary of State has powers at

present to prohibit by order the manufacture and importation of specified
equipment except with his authority. But he does not have powers-which the
provisions will give him-to control the sale and possession of such apparatus.

This will help control further the availability of illicit CB equipment; at the
moment, about 1000 complaints a week concerning interference to domestic TV
and radio caused by illegal CB are received by the Radio Interference Service
(R.I.S.).

Seizure
The proposed powers of seizure will include a provisio enabling the police or

the R.I.S. to apply to the court by way of a civil procedure for the forfeiture of
apparatus illegally possessed.

This would give an alternative to prosecution where it appears that nothing
useful would be achieved by seeking a criminal conviction. This might be, for
example, where a person accepts that he should not have had the apparatus in
question and does not appear to be deliberately flouting the law.

Penalties
The provisions in the Telecommunications Bill do not increase penalties for

existing offences (other than for two which are made triable either way).
However, one effect of the Criminal Justice Act 1982 will be to raise the
maximum fine for the unlicensed use of a transmitter from £400 to £1000.

SUN -POWER
Advanced technology has

arrived in the historic land of the
Queen of Sheba. In a deep valley
200 miles long in the Peoples'
Democratic Republic of Yemen,
Marconi has set up a mobile
radio system with repeater sta-
tions powered entirely from solar
cell panels.

The Dutch Connection
As part of a programme of diversification and ex-

pansion into new product areas, Electronic Brokers
Ltd. has signed an agreement with Philips Electronics
Instrument Division for the distribution of a wide
range of test and measuring instruments.

This link with Philips, announced in London recen-
tly, means that Electronics Brokers will irovide an
"off the shelf' service to the professional user of
selected items in the Philip's test and measurement
instruments. All items are on display in their new
purpose-built showroom in King's Cross Road, Lon-
don.

(right) Some of the Philips test gear being presented by
Peter Fraiman (EB) and Ken Wheeler (Philips).
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THE ELECTRONICS

N Part 1 we saw how three aspects of an
I electrical quantity-magnitude, time
and space-can be used for representing
information coming from the outside
world. In the next few sections we are
concerned with the dynamic kind of elet.-
trical representation-the signal-and
how these three aspects can be utilised in
different ways for transmitting informa-
tion.

PATHS FOR INFORMATION
Paths for information are basically the

physical media, such as cables, optical
fibres and electromagnetic wave propaga-
tion through space. But in IT we are more
concerned with the ways engineers
organise the electrical or optical informa-
tion to travel through these media. So
"path" here means a physical medium
plus some kind of travelling representa-
tion.

Because of this dual nature of the path
we must be careful to distinguish between
the transmission processes that depend
purely on physical laws and those that
are introduced by the human engineer.

ASPECTS OF SPEED
In an electrically conducting medium,

for example, an event such as a step
change of voltage travels at approxi-
mately 300 x 106 metres per second (the
speed of light). In Fig. 3.1(a) a step oc-
curring at time top would take approxi-
mately 3-3 nanoseconds to travel along

OF

1
PART THREE

INFORMATION FECHNOLOGI

BY T.E. IVALL C.Eng., M.I.E.R.E.
the 1 metre of conducting path AB,
arriving at B at time tog.

This step change could be a transition
between two voltage levels representing
binary states, part of a stream of digital
data. So it could be followed by a similar
step, ti A, at an interval Tp after laq, as
shown in Fig. 3.1(b). This would take the
same time, 3.3ns, to travel from A to B
and would arrive at B at tiB, which is
108 + Tp.

The point of this rather elementary
analysis is to emphasise that the interval
of time required to transmit a particular
event such as the step change (for exam-
ple, the interval tog - loA) is determined
by a physical law associated with the
medium, whereas the interval Tp is chosen
by the engineer who designs the IT
system.

If the engineer used, say, a train of
eight pulses to represent an item of infor-
mation, it would take 8 x Tp for this
sequence to be completely transmitted
from point A, and 8 x Tp plus 3.3ns
before it was completely received at point
B. In practical terms Tp might be 1

microsecond-considerably longer than
the step transmission time of 3-3ns.

We therefore have to be clear in our
minds what we mean when we talk about
the "speed" of information transmission.

ELECTRICAL ENERGY
This leads us on to the most common

of the physical media used for informa-
tion paths-the electrical circuit. Here, of

course, the fundamental quantity by
which information is represented and
conveyed is electrical energy-more
specifically, the rate of delivery of energy
through the circuit, or power. In practice,
however, engineers don't usually consider
power as representing the information,
mainly because it's not very convenient to
detect and measure the varying power
flowing from A to B in Fig. 3.1.

The measuring instruments most com-
monly used in electronics responds to
electrical quantities proportional to the
power, in particular, potential difference
and current. This may seem to complicate
the picture a bit because in any circuit
where charge is moving there must be an
e.m.f. and this creates both p.d. and
current. Which of these, then, represents
the information?

The answer is, simply, whichever one
the engineer has chosen to represent it.
The other quantity is there as well, in the
sense that we have means of measuring it,
but it is not taken as significant as a
bearer of information.

CURRENT SIGNIFICANT
As an example, Fig. 3.2 shows the

basic principle by which information may
be transmitted from one unit to another
using current as the significant quantity.
It can be seen that there is a complete
electrical circuit passing through part of
the transmitting unit and part of the
receiving unit. Current flows in this cir-
cuit as a result of an e.m.f. existing at

MAGNITUDE

(DA

TirE

(a) po CONDUCTOR

MAGNITUDE

I 'ix'

DISTANCE (I ME T RE)

tIA
1 QA

BINARY
STATES

(b) Tp

TIME

le

Tp

Fig. 3.1. Illustrating the difference between
transmission time due to the physical nature
of the medium-electrical conduction in the
wire AB at (a)-and transmission time due to
engineering parameters-such as the interval
Tp between transitions in the binary data
sequence (b). For convenience, time and dis-
tance scales are made to coincide at A and B.

RECEIVING
UNIT

Fig. 3.2. An electrical circuit joining two units
and providing an information path between
them. In this circuit current is the significant
quantity.

TRANSMIT TING
UNIT

RECEIVING
UN

Fig. 3.3. Another circuit providing an information
path between units, but using potential
difference as the significant variable.
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point a in the transmitting unit. (Without
going into details, this originates from the
e.m.f. source supplying power to the unit.)
The current varies with time and this
variation represents information (Part I).

In the receiving unit, at section b of the
circuit, there is a means of continuously
responding to the value of the current.
Thus the information represented by the
current variation is conveyed into the
receiving unit.

It would be possible, of course, to
detect a potential difference (resulting
from the e.m.f. at a) between the two
output terminals of the transmitter, or
between the two input terminals of the
receiver, but this in itself is not significant
because current has been chosen as the
information bearing quantity.

POTENTIAL DIFFERENCE
SIGNIFICANT

Figure 3.3 shows how information
may be transmitted using potential dif-
ference (p.d.) as the significant quantity.
Here again is a circuit completed through
two units. There is a p.d. between the out-
put terminals of the transmitting unit,
resulting from an e.m.f. existing at p, and
it is the variation of this p.d. which
represents the information.

The input terminals of the receiver, be-
ing connected to the output terminals of
the transmitter, have the same p.d. be-
tween them. (Analogy: the water level in a
water gauge is the same as the water level
in the tank to which it is attached.) This
p.d. is present at q, where there is a means
of continuously detecting it, so that the
information represented by the variation
of p.d. is conveyed into the receiving unit.

Again there is a current flowing in the
circuit, but here this current is not signifi-
cant as an information bearer. In some
electronic systems designed to use p.d. as
the significant variable the current flow-
ing is extremely small, perhaps less than a
microampere. In such cases, one can
think of the information as being con-
veyed virtually by a variation of p.d.
alone. In other cases the circuit is not
completed at q (imagine the broken line
absent) and the receiving unit detects the
information as an electric field created by
the p.d. at the input terminals.

VARIATIONS
Whether p.d. or current is the signifi-

cant quantity, the information is con-
veyed by variations in this quantity (Part
1). The simple electrical circuit in Figs.
3.2 and 3.3 is used with continuously
varying quantities such as voice signals
and also with abrupt changes, like those
in Fig. 3.1(b), produced by switches,
pulse generators or other two -state
devices.

INFORMATION CARRIERS
A motor car is a good form of

transport on the open road, but on a

TRANSMISSION

NUMEROUS
DIFFERENT
SIGNALS

COAXIAL CABLE

MULTIPLEXED
SIGNALS

Fig. 3.4 (above). Basis of a carrier
transmission system as used in
telecommunications for multi-
plexing different signals on. a
common medium such as a

coaxial cable (known as fre-
quency division multiplex). For
two-way transmission, modula-
tion and demodulation of carriers
is needed at both ends.

Fig. 3.5. How a periodic change
can be used to carry information:
(a) by modulation of amplitude;
and (b) by modulation in time.
The process in (b) is the basis of
frequency modulation and phase
modulation.
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rocky track going up a mountain -side a
mule is greatly superior. Similarly with
the transport of information. Analogue
and digital representations, as described
so far, can be sent directly through some
physical media but not through others.
To cope with this the engineer uses
carriers.

HIGH AND LOW
FREQUENCIES

A radio transmitter, for example, de-
pends on the use of an electrical oscilla-
tion to propagate electromagnetic waves
through space: this oscillation functions
as a carrier.

The public telephone network is not
very suitable for transmitting directly the
abrupt changes between steady voltages
used as digital codes in data communica-
tions equipment. So the engineer uses
oscillations near enough at voice
frequencies-for which the network was
originally intended-and conveys the
code as changes between steady frequen-
cies (a method called frequency shift key-
ing). These oscillations, too, are carriers.

A trunk telecommunications system
conveys a large number of different
signals through a single, common
medium such as a coaxial cable without
mixing them up (Fig. 3.4). One of the
main techniques for this multiplexing, em-
ploys a number of oscillations of different
frequencies. (In a comparable way, many
different radio signals are transmitted
through the same volume of space but are
nevertheless separable because of their
different frequencies.) This is an example
of using carriers to make the best use of
the physical medium.

OSCILLATIONS
To understand the fundamentals of

these techniques we have to look at two
aspects of oscillations: how they can act
as carriers of information; and the
properties that enable them to be
distinguished from each other.

Since an oscillation is an electrical
quantity that is changing with time
periodically, it offers two possibilities for
carrying information. We can vary the
extent by which the electrical quantity is
periodicaliy changing; and we can vary
the time at which a periodic change takes
place.

This goes back to Fig. 1.3 in Part 1,
which is repeated here for convenience as
Fig. 3.5. At (a) the broken lines show how
the extent, or amplitude, of the change
may be varied; at (b) the broken lines
show how the time of the change may be
varied. In both (a) and (b) the process of
varying a property in accordance with the
information to be carried is termed
modulation.

METHODS OF MODULATION
The general principle of being able to

vary the timing of a periodic change can
be used in several ways, to give oscil-
lations with distinct properties. Some
examples are shown in Fig. 3.6.

We can control the instants at which
the electrical quantity rises and falls in
such a way that the whole graph is dis-
placed, as shown at (a). This produces
a phase difference-the broken -line
waveform has a different phase from the
full -line waveform.

Everyday Electronics, January 1983 39



fe_ugsE

DIFFERENCE

`2

-r --

UZ
111 4 -I .-I--- I 21__

.J

wo
TIME

--e

(b),

JQ

-8,_

w4-JDwo

SHORT
PERIOD

-.- LONG
PERIOD

TIME

(c)
TIME

FREQUENCY DIFFERENT
FROM OTHER TWO

(f)

.

TIME

Fig. 3.7. Sinusoidal oscillations differing in phase only are
seen at (d) and (e), while (f) has a different frequency from
both of them. All the waveforms have the same amplitude,
so are not distinguishable from each other in that way.

Fig. 3.6 (left). Square -wave oscillations illustrating funda-
mental properties of a periodic waveform: (a) shows a
timing or phase difference, while (b) and (c) with their
different periods show a frequency difference.

Alternatively, we can control the in-
stants at which the rises and falls occur
in such a way that the time intervals
between the changes-the periods-are
different from those in (a). This is shown
in (b), which has shorter periods, and (c),
which has longer periods. As a result, os-
cillations (b) and (c) differ in frequency
from those in (a)-and, of course, from
each other.

Figure 3.6 brings out two things. First,
it shows us practical methods of modula-
tion derived from the principle in Fig.
3.5(b): that is, phase modulation (a) and
frequency modulation, (b) and (c). Thus,
with the amplitude modulation in Fig.
3.5(a), we have three methods altogether.
(There are in fact others, but they are
all based on the fundamental processes
illustrated in Fig. 3.5.)

DISCRIMINATION
Secondly, Fig. 3.6 shows us properties

by which several oscillations travelling
through a common medium may be dis-
tinguished from each other-notably the
properties of frequency and phase. Of
these, frequency is the most widely
used-for example, tuning a radio
receiver to stations on different frequen-
cies.

The property of phase discrimination is
utilised in systems which enable two
different signals to be transmitted
simultaneously with the same carrier
frequency and yet be separated when
received*. It is also used in trunk telecom -

For example, in colour television, to carry two dif-
ferent sets of colour information on the same sub -
carrier frequency (4.43MHz in the British PAL
system).

munications, in transmission systems
which depend on timing relationships for
multiplexing different signals.

SINUSOIDAL OSCILLATIONS
What we have discussed so far has

been illustrated by square -wave oscilla-
tions. Fig. 3.7 shows how these principles
apply to sinusoidal waveforms, which are
the most common form of carrier oscilla-
tions. The oscillations (d) and (e) differ in
phase though they have the same fre-
quency. Oscillation (f) differs from (d)
and (e) in its frequency. (Note that a dif,
ference in frequency inevitably means a
difference in timing, or phase, as well, but
that a phase difference can exist without a
frequency difference.)

DEMODULATION
The different frequencies of oscillations

used as carriers enable the carriers to be
distinguished and separated from each
other. Various devices are used. They re-
spond selectively to the different periods
of the oscillations and so can separate the
carriers, and the signals they carry, from
each other. Then the original voice, data
or other signals must be removed from
the carriers by demodulation (right-hand
side of Fig. 3.4), the opposite process to
the modulation principle described above.

For data communications, a
demodulator usually works alongside a
modulator, since both are needed at each
end of a system to allow two-way
transmission. The two are normally com-
bined into a single unit termed a
modulator -demodulator, or modem.

To be continued

SPECIAL OFFER

DECEMBER ISSUE

MINI 20 MUL TIMETER

Readers will observe that an error occurred
in the coupon (page 789) where £19 was quoted.
The Special Offer announcement made clear in
large type the correct price of £19.50.

The correct amount of £19.50 should be
forwarded with orders for this multimeter.

We apologise for this error.
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THREE FOR FREE/

EXPERIMENTOR BREADBOARDS
No soldering modular breadboards, simply plug
components in and out of letter number identified
nickel -silver contact holes. Start small and simply
snap -lock boards together to build a breadboard of
any size.
All EXP Breadboards have two bus -bars as an integral
Part of the board, if you need more than 2 buses
simply snap on 4 more bus -bars with the aid of an EXP
4B

EXP 325 £2.00 The ideal breadboard
for 1 chip circuits. Accepts 8, 14, 16 and
up to 22 pin ICs. Has 130 contact points id:114111

including two 10 point bus -bars.

EXP 350 £3.45 Specially designed 

!!!!!

:31014

pannegpi
for working with up to 40 pinks diniana1:1

perfect for 3 & 14 pin ICs.
Has 270 contact points including
two 20 point bus -bars.

EXP 300 £6.00The
most widely bought
bread -board in the UK.
With 550 contact
points, two 40 point
bus -bars, the EXP 300 will accept any size IC and up
to 6 x 14 pin DIPS. Use this breadboard with
Adventures in Microelectronics.

ti

EXP 600 £7.25 Most

4 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!
projects in magazines k

and educational books iiiii4ipplimom.
are built on the EXP 600

MICROPROCESSOR

EXP 650 £4.25 Has .6" centre
spacing so is perfect for
MICROPROCESSOR applications.

EXP 46 £2.50 Four
more bus -bars in
"snap -on" unit.

_ i=rsnia son nor em tans am tea
:an manta ran ran

The above prices are exclusive of P&P and 15% VAT.

THE GSC 24 HOUR SERVICE
TELEPHONE (0799) 21682

With your Access, American Express,
Barclaycard number and your

order will be in the post immediately
GLOBAL SPECIALTIES CORPORATIONCSC
G.S.C. (UK) Ltd, Dept. 4TT
Unit 1, Shire Hill Industrial Estate,
Saffron Walden. Essex CB1 1 3AQ.
Tel: Saffron Walden (0799) 21682
Telex: 817477

Available from selected stockists

ELECTRONICS BY NUMBERS
No. 10 SOIL MOISTURE TESTER
No more wilting houseplants with this soil
moisture test. Just place the probes into the
soil and it will light up to tell you whether
the soil is "too wet" or "too dry". You
don't even need green fingers.

No. 11 DIGITAL ROULETTE
The suspense and excitement of the casino
in your own home. Just press the button,
the circle of lights go round and there is the
sound of the roulette wheel as well, both
gradually slowing down to reveal the
winning number.
No. 12 EGG TIMER
How do you like your eggs done, hard or
soft, just set the timer and it will sound
when the egg is done to your liking. Long
battery life because it switches itself off
automatically. So get cracking now!

Want to get started on building exciting
projects, but don't know how? Now using
EXPERIMENTOR BREADBOARDS and
following the instructions in our FREE
'Electronics By Numbers' leaflets,
ANYBODY can build electronic projects.
For example, take one of our earlier
pro ects, a L.E.D. Bar Graph:

oisor-Th

t i

I/P O ooloo* on .on Ni*:: °
-41

You will need; One EXP 300 or EXP 350
breadboard 15 silicon diodes
6 resistors 6 Light Emitting Diodes
Just look at the diagram, Select R1, plug it
into the lettered and numbered holes on the
EXPERIMENTOR BREADBOARD, do the
same with all the other components,
connect to the battery, and your project's
finished. All you have to do is follow the
large, clear layouts on the 'Electronics by
Numbers' leaflets, and ANYBODY can build
a perfect working project.

For full detailed instructions and layouts of
Projects 10, 1 1 and 12, simply take the coupon
to your nearest GSC stockist, or send direct
to us; and you will receive the latest
'ELECTRONICS BY NUMBERS' leaflet.

If you have missed projects, 1, 2 and 3, or 4, 5
and 6, or 7, 8 and 9, please tick the appropriate
box in the coupon.

PROTO-BOARDS
The ultimate in breadboards for the minimum of cost.
Two easily assembled kits

PB6 Kit, 630 contacts, four 5 -way binding posts
accepts up to six 14 -pin Dips.
PROTO-BOARD 6 KIT £11.00

Proto 1110.100

RS'

Pb 100 Kit complete with 760 contacts accepts up to
ten 14 -pin Dips, with two binding posts and sturdy
base. Large capacity with Kit economy.

PROTO-BOARD 100 KIT £14.25

r - IT'S EASY WITH G.S.C. INN Els
TO RECEIVE YOUR FREE COPY OF PROJECTS 10, 11 and 12

Just clip the coupon For immediate action
Give us your name and full postal address lin block
capitals). Enclose cheque, postal order or credit card

I number and expiry date, indicating in the appropriate
bodes) the breadboardls) you require.

The GSC 24 hour, 5 day a week service.
Telephone 10799) 21682 and give us your Access,
American Express or Barclaycard number and your
order will be in the post immediately.

EXPERIMENTOR
BREADBOARDS CONTACT

IC CAPACITY
14 PIN DIP

UNIT PRICE 1NC
P&P Et 15% VAT

Qty
req

EXP 325 130 1 £3.16

EXP 360 270 3 £4.83

EXP 300 550 6 £8.05

EXP 600 £9.48

EXP 860 270

use with
0 6 pitch

Dip's Strip
Bus Bar

£5.75

EXP 48 Four 40 Point
Bus Bars .15.73

L

NAME

ADDRESS

I enclose cheque/P.O. for E
Debit my Barclaycard. Access.

American Express card No

Expiry date

PROTO BOARDS If missed No's
PB4 630 6 (13.80

you project
1 to 9 tick box. C I

P8100 760 10 £17.53 For Free catalogue tick box 0 .
GSC 1LIK) Ltd., Dept. 4TT Unit 1, Shire Hill Estate, Saffron Walden, Essex CB11 3AQ.

Tel: Saffron Walden 107991 21682. Telex: 817477.
IMP MB OM EM 1=11 MI EMI MI =11 11111
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TO COMPLEMENT
THE SECURITY
VARI-LIGHT

OPTO REPEATER
BY A.R.WINSTANLEY

THE Opto Repeater is designed for use
in conjunction with the Security Vari-

Light project (last month) and serves to
present a more realistic overall illusion to
the prospective prowler.

Although the Security Vari-Light will
operate a single lamp (or combination of
lamps not exceeding 500W), the dis-
advantage is that only one room can be
controlled in this manner.

The Opto Repeater utilises a photo -
transistor to detect when the main
Security Vari-Light is on and, when illu-
minated by the main lamp, operates a
secondary lamp for a preset period.

OPTICAL COUPLING
Thus a system of optical links are used

to .enable the "master" lamp to control
lights in other rooms, so that a larger
section of the household appears to be
inhabited at night.

The design has been kept simple, the
use of complex logic circuitry having
been avoided, since the constructor may
well wish to assemble more than one unit
for use around the home. The low cost of
the Opto Repeater will help him to do
this.

CIRCUIT DESCRIPTION
Fig. 1 illustrates the circuit diagram for

the Opto Repeater. TR 1 is the remotely
located photo -transistor connected via
PL 1 and SKI to the trigger input (pin 2)
of IC I. This integrated circuit is a 555
timer wired as a simple monostable, the
period of which is determined by R2 and
Cl. This RC network sets the time period
to about 8 minutes or so but this may
vary in reality, due to quite large manu-
facturing tolerances on Cl.

When TRI is in darkness, it in effect
exhibits a high resistance, such that pin 2
is virtually at the supply potential.
However, as light starts to fall upon the
photo -transistor the voltage at its collec-
tor will fall, bringing down with it the
trigger input of IC1 until it triggers.

Thus when the Security Vari-Light
illuminates, the position of TR 1 will be
such that the phototransistor will be illu-
minated as well, causing IC 1 to trigger.

When the i.c. commences timing, its
output (pin 3) rises to a little less than the
supply rail voltage and this causes a
mains -rated relay RLA to activate. Con-
sequently the contacts RLA1 close and
complete a circuit between the mains sup-

ply and the remote lamp plugged into
SK2.

The timer i.c. will then continue with
its timing cycle and under normal cir-
cumstances the relay will deactivate at
the end of the timing period, thereby
extinguishing the remote lamp.

In fact, for normal operation to occur
it is necessary that the triggering period is
less than the timing period set by R2 and
C1. This means that the Security Vari-
Light must illuminate TR1 for a period
less than the timing period of IC 1.

If the trigger time exceeds the RC
timing period then the i.c. will re -trigger
and commence timing again until the
trigger signal diminishes, that is, the
master lamp extinguishes. The Opto-
Repeater's timer will then reset itself also.

MAINS POWER
The Opto Repeater is mains powered

through T1, a centre -tapped transformer
which steps down the mains voltage ap-
plied to its primary winding to about 12V
a.c. This is full -wave rectified by D3 and
D4, and is then smoothed by C4 to
produce a d.c. potential of approximately
16V within the maximum rating of the
timer i.c.

R3 and C3 form a filter which reduces
the ripple present after smoothing, to give
an improved supply rail quality.

Mains power is switched by S I. In the
SECURITY mode, the Opto Repeater
operates as dictated by the light falling
upon the phototransistor; in the BYPASS
position, power is routed straight through
to SK2 via F2 so that the electronic
circuit is disconnected and the lamp is
continuously illuminated. In the centre
oFF position, both lamp and timer are
disabled.

However, the presence of an arc sup-
pressor, XI, means that some power may
be transmitted through it when S 1 is in
the BYPASS mode. This means that
although the transformer primary may
appear to be disconnected, the electronics
may in fact be partially operative, but this
is nothing to worry about.

Phototransistor mounted in a clear
fronted plastic box.

42
Everyday Electronics, January 1983



COMPONENTS
Resistors

R1 1001d2
R2 4.7MQ
R3 1552
All W carbon ±5%

Capacitors
C1 100µF, 25V elect, radial lead
C2 0.01µF polyester C280
C3,4 470µF, 25V elect, radial lead (2 off)

Semiconductors
D1,2 1 N4148 silicon (2 off)
D3,4 1 N4001 silicon (2 off)
TR1 2N5777 npn photo-darlington
IC1 555 timer

Miscellaneous
T1
S1
SK1
SK2
PL1
PL2
FS1
FS2
LP1
X1
RV1
R LA

Sho
Talk

page 23

El 8
excluding
p.c.b.s. & case

Miniature mains transformer, 12V -0-12V, 100mA secondary
d.p.d.t. centre -off miniature toggle
3.5mm jack socket
Mains panel mounting socket
3.5mm jack plug
Shrouded pin mains plug (for SK2)
20mm, 500mA fuse with chassis mounting holder
20mm, 2A fuse with p.c.b. mounting clips
240V mains neon indicator with integral limiting resistor
Mains R -C contact suppressor
Mains transient suppressor Z250D
Ultra miniature high power mains relay, 12V, 400Q coil, contacts
rated at 240V, 10A

Console type case, 215 x 130 x 78mm (rear) x 47mm (frontl-BIM type 1006;
clear plastic box, 60 x 45 x 25mm (for phototransistor); single sided glass -fibre
p.c.b. 92 x 45mm; 8 pin d.i.l. holder; 24/0.2mm wire (for mains wiring); 7/0.2mm
wire; 3 -core, 6A mains cable; twin core cable (approx. 4m); 3 -way tag strip (2 off);
grommet; P -clip; standard 3 -pin mains plug with 5A fuse; self-adhesive feet (4 off);
Veropins; mounting hardware (nuts, screws, washers and p.c.b. guides).

LP I is the POWER ON indicator formed
by a neon bulb with integral limiting
resistor. It may light up when Si is in the
BYPASS setting; this can be attributed to
the location of XI, and be disregarded.

RV1 is a mains transient suppressor
but this, along with XI, is optional and
may not prove entirely essential. Both the
transformer and lamp are fuse -protected
by FS1 and FS2 respectively.

Fig. 1. Circuit diagram of the Opto Repeater.

PRINTED CIRCUIT BOARD
Since both mains and low d.c. poten-

tials are intermixed in the circuit, the unit
has been constructed on a single printed
circuit board, see Fig. 2.

Construction is straightforward with
the following possible exceptions. RLA is
an "Ultra Miniature High Power Mains
Relay", available from Maplin, part num-
ber YX97F, and other types may not be
pin -for -pin compatible with the holes
drilled in the p.c.b.

FS2 is a printed circuit mounting type
20mm fuse clip and four 1.5mm diameter
holes are required in the circuit panel, as
indicated. It may also be wise to use an
8 -pin i.c. holder for the timer.

CASE
The case chosen for the project was a

plastic console, type BIM1006 which
measures 210 x 125 x 41mm (front) x
62mm (rear), with an aluminium top
panel. SK2 was fixed on one side of the
box with the jack socket SKI fitted to the
rear. The neon lamp and toggle switch
were fitted on the front panel.

Four mounting holes, one in each cor-
ner, are shown in the p.c.b. which permit
mounting by M2.5 or 6BA screws, nuts
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SKI

0

TR1
PIN VIEW

Fig. 4. Assembly of the
phototransistor unit. Note that
the curved face of TR1 is
photosensitive.

Ti

OV I2V 12V Sla (BYPASS)

'Cl

C2

rWin FS2

LEP crAj

Cla
D2 "=1117:410

0 XI 0

WIPER

'NE.
Cki

COIL NO

RLA 0

Fig. 2. Full size track pattern and component layout for the Opto
Repeater circuit board. Note that the board is designed to accept
the Maplin "ultra miniature high power mains relay".

Plastic "stylus" box housing tag
strip and TR 1.

The completed prototype p.c.b. assembly. Note the use
of an i.c. holder for IC1 and Veropins for all wired
connections.

SK2 (LIVE)

Sla
(SECURITY)

View inside the console case showing the relative posi-
tions of the main components.
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OV 12V 12V

SK2

3 -WAY SOLDER TAG
WITH ONE EARTHED
LUG

1? C.B.

OE

FS1

E

N

LP1

b a
S1

0 FRONT PANEL (REAR VIEW)

0

0

240V A.C. MAINS
INPUT

Fig. 3. Interwiring diagram. Mains input cable must be securely clamped
with a cable clamp or strain relief gland.

and spacers but the prototype was moun-
ted vertically using special plastic clip -in
guides.

It is essential to ensure that if the p.c.b.
is fitted vertically, there is no possibility
whatsoever of the fuseholder FS2 coming
into contact with the metal front panel. It
is desirable therefore to place the p.c.b.
such that FS2 is downwards, against the
floor of the non-conductive case.

WIRING
Full interwiring details are given in

Fig. 3. Mains wires must have a rating of
4.5A 250V a.c., typically a 24/0.2mm
wire. It is a good idea to insulate all mains
soldered joints with p.v.c. sleeving to
avoid accidental shocks.

Other wiring can be completed with
7/0.2mm general purpose wire. Several
flying leads come from the p.c.b., some

of which are mains -rated, and the poin
at which they connect with the board
terminal pins should be used.

A three-way tag strip carries connec-
tion for the neon lamp and mains
transformer as shown in the construction
diagram, and one of the tags is earthed
and screwed to one of the transformer
mounting screws. Thus it is through the
tag strip that the transformer is earthed.

It is necessary to earth the metal front
panel of the console and this can be
achieved by soldering an earth wire to the
metal body of the switch, or by placing a
large automotive -type tag under Si
mounting nut inside the case.

Furthermore, it is important that
precautions are taken to ensure that the
three -core mains cable is secured so that
it cannot pull out. A grommet should be
fitted at the point of entry and some form
of retention clip must be used to secure
the cable.

PHOTOTRANSISTOR
The phototransistor was soldered to a

three-way tag strip and then bolted into
an old hi-fi stylus box which had a
transparent front. The curved face of the
transistor must point outwards since this
is the light-sensitive side of the device. See
Fig. 4 for details.

Twin -core cable can then be used
(maximum length of about 4 metres) to
connect TR1 to the console by means of
a 3.5mm jack plug and socket.

TESTING
With construction now completed,

check the wiring thoroughly, especially
those sections of the assembly which are
at mains voltage. Connect a suitable
mains lamp (500W maximum) to the 6A
Euro-type plug and insert this into the
console. Also connect the photo -
transistor unit but place it in complete
darkness, for example, in a light -proof
box. Plug the Opto Repeater into the
mains, with a suitably fused 5A plug.

Set S 1 to the SECURITY position and
the lamp may illuminate straight away.
However, after a delay of up to about 10
minutes it should extinguish. By tem-
porarily exposing the phototransistor to
light, the mains lamp should illuminate
for a controlled time period.

If this period is too long, in excess of
15 minutes, then the method of correcting
this is to reduce the value of R2 on the
printed circuit board.

If illumination of TR1 does not cause
the mains lamp to operate, then check
that the wiring of TR1, both at the tag
strip and the jack plug. Also make sure
that TR1 is facing the right way. You
should also hear the relay click on and
off-this indicates that the photo -
transistor is triggering the i.c.

INSTALLATION HINTS
It is obvious that the main Security

Vari-Light needs to be positioned first
and then the location of the phototran-
sistor controlling the Opto Repeater can
be determined. The phototransistor must
be placed so that when the main lamp is
extinguished it is in relative darkness, and
when alight it is exposed to that light.
Tests carried out on the prototype
showed that the distance between the sen-
sor and main lamp can be up to about
four metres.

It is important that light from the
"remote" lamp does not fall onto the
phototransistor controlling it. If this
should happen, the Opto Repeater will
latch, so that the remote lamp will be
continually alight.

If a bedside lamp is used in conjunc-
tion with the Opto Repeater, and this is
the author's anticipated application, then
it is desirable that the console is placed by
the bedside with the lamp to enable the
user to switch the bedside lamp on and
off using the BYPASS facility. Then it is es-
sential that the phototransistor is placed
outside the bedroom so no optical feed-
back problems should arise.
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Cordless Call
You will probably have seen reports in

the press that cordless telephones are now
to be made legal in Britain.

A cordless phone, which uses a two-way
radio link between a base station connec-
ted to the phone line and the handset, has
until now been taboo on two counts. British
Telecom has refused to authorise cordless
connection to British phone lines and the
Home Office has refused to allocate any
frequencies for the radio links or issue any
licences for their use.

British Telecom is empowered to discon-
nect the exchange line of any subscriber
who uses unauthorised equipment, and
anyone using an unlicensed radio link is
liable to prosecution under the Wireless
Telegraphy Act. The penalty under the WT
Act is up to £400 in fines and/or up to three
months in jail.

By a quirk of British law it's not illegal to
sell cordless telephones, only to use them.
And because cordless phones can be legally
used in America they are now mass
produced in the Far East and the price has
dropped sharply.

A couple of years ago the minimum cost
of a cordless phone offered by mail order or
from specialist gadget shops was at least
£250. But over the last year it's been easy
to buy a cordless phone for under £100.

For a year now Tandy has had one in its
catalogue for £79.95. A small note at the
bottom of the Tandy advertisement reads
"Not GPO approved" but it's unlikely that
this deters anyone from using it. Also
there's no warning from Tandy about the
penalties which the user may incur under
the Wireless Telegraphy Act.

Clear Distinction
The situation became even more confus-

ing last year with popular press reports that
the use of radio telephones had become
"entirely legal" under the new laws
liberalising British telephone systems. This
is by no means the full story because
it's important to draw a clear distinction

between radio telephones and cordless
telephones.

Until late 1979 the only means of direc-
tly calling, or receiving a call, from a mobile
phone, for instance in a car, was on a
system rented from the Post Office. But
some enterprising firms, such as Securicor,
provided private mobile radio links which
enabled their customers to relay messages
over the phone by radio.

The subscriber called in by mobile radio
link to the private firm whose operator then
acted as an intermediary for telephone
messages. But there was no direct radio
hook-up with the phone network.

In the Autumn of 1979, the Post Office
started to allow private firms like Securicor
to patch their incoming radio calls direct
into the British telephone system. At
around the same time the Post Office,
which changed its name to British Telecom,
expanded its own mobile phone system.

Originally Post Office mobile phones
were purely manual, that is to say the sub-
scriber in a car had to call up a British
Telecom operator who then manually
patched the call into the British telephone
network. But in early 1981 British Telecom
started to provide an automatic radio phone
service which allowed people in cars to dial,
or more accurately key, calls direct into the
British telephone network.

An, automatic car phone is used exactly
as if it were a phone at home or on the
office desk. But the private services still
remain manual, that is to say a mobile
caller in a car has to go through a patching
operator.

These private, and British Telecom, ser-
vices are expanding all the time and to
provide more air space a chunk of the UHF
spectrum at around 900MHz has been
allocated, half to the private sector and half
to British Telecom. But curiously there are
still no firm plans to follow the lead set by
America and Japan, and provide similar
direct dialling from pay phones on trains.
Mobile radio in Britain remains a luxury for
the rich businessman.

Almost Legal
But those budget cordless phones, which

enable subscribers to take and make calls
from the garden or while wandering round
the office unencumbered by a trailing cord,
are now to become legal. Well, almost!

The recent announcement, from the
Department of Industry and Home Office,
authorising the use of cordless extension
telephones in Britain is very unsatisfac-
tory. The only reason that it has produced
little critical response is that few people
understand the true significance of the
announcement!

After repeatedly protesting that no fre-
quencies were available for cordless
phones, the Home Office suddenly "found"
channels between 1362kHz and 1792kHz
for the base station transmitters and chan-
nels between 47.45MHz and 47.55MHz
for the handset transmitters.

The low frequency base station channels
exactly match those used on the foreign
cordless phones which have for several
years been widely on sale in Britain. But
these cordless phones use handset fre-
quencies of around 49MHz, whereas, the
Home Office allocations are of around
47MHz. So, everything that's been sold in
Britain over the last few years will remain
illegal.

Is this just bureaucratic spite, or is there
a good reason for legalising a frequency
range just 2MHz away from that which has
become a de facto standard, albeit un-
authorised? The Home Office can only say
vaguely that "49MHz has a greater poten-
tial for interference".

Only Temporary
Even more surprising is a warning, buried

deep in the tortuous wording of the
Government's official statement. Even the
allocated frequencies are only temporary.
Other quite different frequencies will be
allocated for cordless phones over the next
couple of years.

At any time after 1986, the cordless
phones which the Department of Industry
and Home Office are now authorising, will
become illegal again. So cordless phones
sold over the next few years will quite
literally have to be junked at some (yet to
be specified) time after 1986!

The Home Office and Department of In-
dustry can say only vaguely that they have
consulted with the trade over this and the
trade doesn't seem "too concerned or too
worried about the temporary nature of the
frequencies". Who did the Department of
Industry and Home Office consult? Over 30
firms, all on the Mobile Radio Committee,
were consulted. They included GEC, Philips,
Plessey, Marconi, Pye, AEG Telefunken,
Redifusion and Motorola.

Realistically I doubt whether any of these
firms will be selling cheap cordless phones
anyway, so it's not surprising that they
aren't too worried about what happens
after 1986. But how will the public, and
trade, feel when they wake up to the fact
that equipment sold with Government
authorisation over the next few years will
have to be replaced long before it wears
out?
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Step-by-step
fully

illustrated
assembly

and Mting instructions

are included
together

With circuit descriptions

Highest
quality

components
are

used throughout.

tU

AT -80

BRANDLEADING ELECTRONICS

NOW AVAILABLE IN KIT FORM

If

fr. 1'. r

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 1 2V neg earth vehicles

 Over 250 components to assemble

SX1000
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 12v neg earth vehicles

SPECIAL OFFER
"FREE" MAGIDICE KIT WITH
ALL ORDERS OVER £45.00

../ka\i6L,f411. IMO
SPARKRITE 82 Bath Street, Walsall, West Midlands, WS1 3DE England

VOYAGER Car Drive Computer
 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 Er 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

Ali SPARKRITE products and designs are fully covered by one or more World Patents

SELF
ASSEMBLY

KIT

S X 1000 £12.95
sx 2000 £19.95
TX 1002 £22.95
TX 2002 £32.95

AT 80 £32.95
VOYAGER £64.95
MAGIDICE_ £9.95

PRICES INC VAT. POSTAGE & PACKING

11=13. MI MI

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 11111

Tel: (0922) 614791 Allow 28 days for delivery

I ENCLOSE CHEQUEISI/POSTAL ORDERS FOR

KIT REF

CHEQUE NO

PHONEYOURORDERWITH
SEND ONLY SAE IF BROCHURE IS REQUIREDIn En MI IMO CUT OUT THE COUPON NOW!



BI-PAK BARGAINS
TRIACS - PLASTIC
4 AMP - 400n - 10202 - TAG 136G
1 OFF 10 OFF SO OFF

£3.75 E17.50
8 AMP 400o - T0220 - TAG 425

609 E5.75 E27.50

100 OFF

130.00

E50.00

SLIDER ALL AT
POTENTIOMETERS 50e

1,ave Mono PER PAK
5X63 5 x 470 ohms Lin 5X67 5 x 47k Lin
SX64 5 x 1k Lin SX68 5 x 47k Log
SX65 5 x 22k Lin US 5 x 100 Lin
5X66 5 x 22k Log SX70 5 x 1 meg Lin

5840 250 Silicon Diodes -Switching like
164148 00-35 All good-uncoded Worth
doubleour price 45v 75mA £1.25

SX41 250 Silicon Diodes -General Purpose like
08200, 202 BAX13, 16 Uncoded
30 100v 200mA D0.7 £1.25

SX44 10 SA SCR's T064 3 x 50v 3 x 100v 2 11
200o 2 x 400o Super value less than '7
price El

SIAS 10 5A SCR's T066 2 x 50v 2 x 100v 4
200y 2 x 400v All coded Brand new a
love away at El

4.

MINIATURE TOOLS F

0
0

Minim.. room nom ride now, -
insuleted handles 4f inch length. Oreer

No 0043

Miniature long nun plies - insulated

handles 51inch length Order No Y044

1(;1Miniature bend nose Ides - insulated

Undies 51inch length. Order No Y045

Miniature end mews - insuleted handles

41inch length Order No 0048

Miniature snip now pliers with side

cutter and etreted laws - inseleted

handles 5inch length. Chet No 0042

All with insulated handles

4E0E0 DRIVER

I OBBYISTS

A Rural. shah sonweriver for those ewkward N ge et scion Overall

length Blind. Orel No F5.1 Flat blade Imm IS -2 Cross point 00.1 f1.71gesh.

ALL AT

1.25
each

GRIP -DRIVER

6inth long screwdriver vnth spring loaded grip on

end to hold strews in positron while ruching into

thew &Reit places Order No SO -I Rat Nee enm

SO -2 Cross point no 0 060 rd.

INEXPENSIVE TOOLS OF IMMENSE VALUE

Combined wire strapper. <utter. crimper Intl 25 net

terminals for crimping Order No WS2 Our low price E1.20 soak.

BA NUT DRIVER SET

Set of 5 BA spanner shafts plus universal
handle in roll -up wallet. Sizes OBA 2-4-6-8BA
Order no: T192
£2.75 set

NEON SCREWDRIVER

7 4in Wade order no 051 MX 14 rob

5f in blade order no 652 fritS0, rah

Satisfaction or your money back has
always been 81-PAK s GUARANTEE and it still is

All these Sale items are in stcck, m Quantity and
we will despatch the same day as your

order is received

OPTO 83 SPECIAL1
A selection of Large Et Small size LED's in Red

Green, Yellow and Clear, plus shaped devices

of different types, 7 Segment displays, photo

transistors, emitters and detectors.

Types like MEL11, FPT100 etc. Plus Cadmium

Cell ORP12 and germ. photo transistor

OCP71

'Nte
0/NO SX57A

Valued - Natal Retail 010113

Our Price

£5.00

r 1 Amp SILICON RECTIFIERS
Glass Type similar IN4003 SERIES 11440014N4004

50 - 500v unoo0.3 - you select tor WS_
ALL serial (fences - NO duds Min 50r
50 for [1.00 - worth double ORDER NO Sony

Silicon General Purpose NPN Transams TO -18 usei

Lock Id leads- coded CV7644 Similar lo BC147

- BC107- ZT89 ALL NEW VCE 70v IC500rn4 ;2

Re 75-250 50 OR 100 oh 503 on 1000 on

PRICE 0.00 £.3.80 [17.50 £30.00
Silicon Gentili Purpose PNP Transrsiors TO -5 Case

Lock to leads coded CV9507 sand, IN2905A to

61030 VC 60 IC 600mA Vern Hte 50 ALL NEW'

50 011 100 00 500 on 1000 on

PRICE £2.50 01.00 £19.00 C35.00
Order as CV9507

ea
40

EXPERIMENTOR
BOXES - ALUMINIUM -
PLASTIC
ALUMINIUM BOXES
Made with Bright Aluminium folded
Construction with deep lid and screws

'SIZE' W H Order No Price

Yr 218 1 'I: 159 83p
2'4 1'h 161 133p

21/2 2 163 835
2 1 164 57p
6 3 166 C1.118
4 2 167 (1.12

All mea urements for boxes are shown in inches

Plastic Boxes
Coloured Black Close lilting
Flanged lid. fixing screws info brass bushes
SIZE 'L W H Order No Price

4 2 1 141 1[1.00
Oh 21/2 11/2 143 (1.30
6 3 V. 2 144 (1.50

Plastic as above but with aluminium lop panel
4 24. 1 146 C1.40

Plastic sloping front

51/2 41/2 21/2

slope
to

11/2 148 C2.14
L = Length W = WIdth H = Height

IC SOCKETS
The lowest price ever.
The more you buy the cheaper they come'

Pin 10 off 50 oft 100 off

1 pin 115p 03 50 el 00
14 pin 90p 03 75 El 50
16 ein 954 E4 00 07 00

VOLTAGE REGULATORS

10220
Positive + Negative

7805 - 500 7905 - 55,
7812 - 5Op 7912 - 55p
7815 500 7915 - 55p
r 824 - 50e 7924 - 55p

r SEMICONDUCTORS FROM
AROUND THE WORLD

.100
A Collection of Transistors. Diodes. Rectifiers Bridges SCRs.

iriacs. IC s both Logic and Linear plus Opto s all of

which are current everyday usable devices

Guaranteed Value over El0 at Normal Retail Price

 irikkroars r4 , eDveatrayepatck in

only Order No 5856

4,

MW398 NI -CAD CHARGER
Universal Ni-Cad battery charger All plastic
case with lilt up lid Charge/ Test switch LED
indicators al each of the five charging points

Charges - Power -
PP3 1981 220-240V AC
U12 I1 5V pemdel Dims -
U1111 5 V' C I 210x 100 x 50mm
U211 5V 0. 1 £6.55

POWER SUPPLY OUR PRICE £3.25
Power supply fits directly 010 13 amp socket
Fused 107 safety Polarity reversing socket
Voltage switch Lead with multi plug
Input - 240V AC 50HZ Output -3 4 5 6

75 9 & 12V DC Rating -300 ma MW88

rSilIcon NPN'L'TypeTransitor
TO -92 Plastic centre collector
Like BC1132L - 183L - 1841
VCBO 45 VCEO 30 IC200mA Hfe 100-400 H

ALL perfect devices - uncoded ORDER AS SXI 83L

50 oft 100 of! 500 oh 1000 off

£1.50 £2.50 £10.00 £17.00

PNP SILICON TRANSISTORS:
Similar ITX500 - ZTX214 -. E -Line
\ICED 40 VCBO 35 lc 300mA Fee 50-400

Brand New - Uncoded Pelee! Devices

50 otl 100 off 500 oh 1000 on

£2.00 £3.50 £15.00 £25.00
L.- Order as ZTXPNP

DIGITAL VOLT METER MODULE

3 x 7 segment displays Basic Circuit
-2V-± i nstructions provided to

extend voltage & current ranges
perating voltage 9/12V.
Typ. Power Consumption 50mA

07NO:SX99 Once only price

£9.95

ELECTRONIC SIREN 12y OC
Red piasnc case voth adtustable hang

Nuke Elms Nab -pitched Alamo note of

vatvteg pach 100 crc,es pet mnote

Owns 00mm Idol
60tnnt *0+1

Porter 12 v OC

ur Price:- £5.50

MU LTITESTERS

1,000 opv Including test leads b Battery

AC volts - 0-15-150-500-1,000

DC volts - 0.15-150-500-1,000

DC currents- 0-Ima-150ma

Resistance - 0-2 5 K ohms 100 K ohms

Dims - 90 v 61 x 30mm

.0/No.1322.0UR PRICE £5.50 ONLY

30,000 opv Including test leads and case

AC volts 0 2 5- 10-25-100-250-500-1.000

DC volts - 0-0 25-1-2 5-10-25-100-250-1,000

DC current- 0-50ua 0-5ma-50ma 0-12amps

Resistance - 0-6K ohms -70K ohms-6meg ohms-

60meg ohms

Decobels -20db to plus 56db

Shan test Internal buzzer.

Dims- 160 0 110 x 50mm

0/No. 1315. OUR PRICE
ONLY E24.75

BI -PA TERMS. CASH WITH ORDER SAME DAY DESPATCH. ACCESS
BARCLAYCARD ALSO ACCEPTED. TEL 1092013182 GIRO 388 7M6

15% WT AND 75p PER ORDER POSTAGE AND PACKING

r SILICON BRIDGE
RECTIFIERS

Comprising 4 x -
liamp rectifiers
mounted on PCB

VRM - 150vIts
IFM 1.5Amps

Size. 1 inch square

10 0E1.00
50 off £4.50

100 off £7.50

Order No. As:411I

`Rect.

BI-PAK 's COMPLETELY NEW CATALOGUE
Completely redesigned FuD of the type of components you require plus some

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

Semiconductors lot the Amateur and Prolesponal you could hope to find

There are no wasted pages of useless intormation so often included in

Catalogues Published nowadays lust solid facts i e price description and

individual features of what we have available But remember Br -Pak s policy

has always been to sell quality components at competitive prices and THAT

WE STILL 00.

BI.PAKS COMPLETELY NEW CATALOGUE is now available to you You will be

amazed how much you can save when you shop for Electronic Components with

a BrPak Catalogue Have one by you all the time -it pays to buy Al PAK

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

Use your credit card Fling us an Ware 3182 NOW and
get your order even faster Goods normally sent 2nd
Class Mail
Remember you must add VAT at 15, to your order
Total Postage add 50p per Total order
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RADIO WORLD
Cost of TV

The prospects of 30 or more cable tele-
vision channels in the UK in this decade,
endorsed by the Hunt Committee, has cer-
tainly opened up "a winter of debate". Can
highly regulated broadcasting exist along-
side virtually de -regulated cable? Will the
prospect of 30 channels along co -axial
cable or fibre -optics kill stone dead the
possible demand for home receivers for
12GHz direct broadcast satellites? Does
more mean better?

What about the cost? The net revenue of
the IN programme companies has been
estimated as about £650 -million. The
highly ingenious method of financing Chan-
nel Four means that it will have about
£100 -million a year to spend on pro-
grammes, that is about £30,000 per hour.

Like BBC -2 it has limited hours of opera-
tion. By comparison, production costs of
"commercials" can be astronomical. For ex-
ample Birdseye have revealed that the
average cost of their commercials rose from
£9000 in 1970 toT50,500 in 1980, which
would represent a per -hour cost of several
million pounds. In practice television drama
costs around £100,000 per hour.

A recent study by A. S. C. Ehrenberg and
T. P. Barwise of the London Business
School has been published on "How much
does UK television cost?" This is concerned
not with the cost of producing the material
but with what it costs the viewer.

The authors find that it costs the viewer
roughly 2p per hour to watch BBC
programmes (paid for by the licence fee) or
about 1.5p per hour to watch IN. This is
calculated on the basis that advertisers
spend about 3p per viewer per hour but
about half of this results from advertisers
spending less on other forms of marketing.

Thus, in effect, it costs viewers an ex-
tremely modest sum in relation to the cost
of the programmes-but this, of course, is
because there are many millions of viewers.
It is why it costs so much less to watch a
major star-studded film on television than
in the cinema where the cost can approach
£1 per hour.

Cable Vision
The cable operator, particularly without

"pay -as -you -view", is going to find it dif-
ficult to provide many channels of high -
quality programmes unless he charges con-
siderably more than the £10 per month that
has been suggested. And as the price goes
up, the number of people willing to sub-
scribe is likely to go down. Viewers who
want more choice than they can get from
four broadcast channels are likely to already
have video cassette recorders or video
discs.

By Pat Hawker, G3VA

What this could mean is that cable will
attract just enough subscribers to reduce
the broadcast audiences, and hence the
money available for programmes, but
without themselves generating enough
revenue to permit the production of good
new material. The store of old feature films
is finite and all the signs are that production
of high -cost films for the cinema is rapidly
falling-in 1981 Hollywood made only
about 120 major films and the 1982 figure
is likely to be under a hundred.

Ehrenberg and Barwise point out that
"although advertising is a cost-effective
way of paying for IN, there is no scope for
major increases in the amount of TV,
funding by advertising is limited. Direct
competition for the same source of revenue
would also produce unwanted side -effects
on the range and quality of programming."

I shall believe in 30 worth while cable
programmes only when I can see them.
Before I subscribe I shall want to know a lot
more about how much it will all cost me.
than I have been told at present!

Secret Moves
The Radio Society of Great Britain, the

national society of British radio amateurs,
was founded as the Wireless Society of
London way back in 1913, although since
going "national" it has often been accused
of being too London orientated. For its first
quarter -century it had offices in Victoria
Street close to the Houses of Parliament.
On the outbreak of World War 2 these were
closed and for a few years the society was
run from the north London home of its then

CB Success
The first anniversary of legal CB in

November served to underline the extent
to which this non -examination, two-way,
radio facility has already merged into the
general background of consumer elec-
tronics. About 350,000 licences, costing
£10 each and covering up to three units,
represent a sufficiently high figure to
show that the demand was really there
and the CB is here to stay. Admittedly, it
is not the "millions" that a few rash peo-
ple suggested-but 'it represents a total
some ten times that of British amateur
radio licences that have been available for
many years, but only to those prepared to
pass the examinations.

Interference by CB, particularly from
the illegal amplitude -modulated transmit-
ters, continues to be a problem for the
users of other consumer electronics,
though in many instances this reflects the
poor electro-magnetic compatibility

general secretary, the late John Clarricoats,
G6CL.

In 1943 it came back to central London,
this time to Little Russell Street, close to
the British Museum in Bloomsbury. Then in
the mid -sixties it moved a half -mile or so to
Doughty Street. Now it has suddenly
moved out of London to larger premises at
Alma House, Cranborne Road, Potters Bar,
Herts. For reasons best known to the
society, the move was kept secret from the
members until just a day or two before it
happened.

It is often said that to a Londoner the
"north" begins at Watford. I see that Pot-
ters Bar (near Barnet) is slightly north of
Watford so the move should please north -
country members!

British amateurs are now permitted to
use all three of the new h.f. bands at 10, 18
and 24MHz although very severe restric-
tions have been placed for the time being
on 18 and 24MHz. At present all three
bands are largely confined to Morse or
teleprinter operation (18 and 24MHz by
Home Office regulations, 10MHz by volun-
tary band -planning agreements).

There are also still a lot of commercial
stations operating within these bands,
particularly in the 10.1 to 10.15MHz band.
Indeed it would sometimes appear that
there is considerably less commercial ac-
tivity outside the 10MHz band than inside
it.

Nevertheless, it is proving an interesting
band with a mixture of European and long-
distance working. At present amateur
activity on 18 and 24MHz is still very low.

(e.m.c.) of the domestic receivers and
audio equipment rather than any
deficiency in the CB equipment. Legal
CB is already becoming "respectable"
and it is from such operators that now
come the most vehement complaints that
the authorities should do more to enforce
their own rules and stamp on bad
language, deliberate interference and the
use of high -power s.s.b. transceivers.
Some claim that unless more is done they
will forget to renew their CB licences and
revert to "pirate" operation.

The British communications industry
appears to have concluded that there is
little hope of competing successfully with
the imported 27MHz equipment.
However, at least one small British firm
is now making 934MHz equipment-
virtually an interference -free if short-
range band-retailing at about £250.
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BY D.W. CRABTREE

THIS article describes the construction
of a unit that was primarily designed

as a novelty item for use in board -games
and other games normally played using
one or two dice. It may also be found
useful for more serious purposes where
digital pulse generators and random
generators are required.

CIRCUIT DESCRIPTION
The complete circuit diagram of the

Double Dice is shown in Fig. 1. It can be
seen to consist of two sections (upper and
lower) identical except for timing compo-
nent values in the early stages of each
section. Both sections are powered by the
same PP3 battery B I, and Si connects
this to the circuitry.

Diode D15 is provided to prevent any
supply being incorrectly connected to the
rails if someone tried to attach the battery
leads with the connector reversed. This is
very easily done when replacing batteries,
and would damage the cmos i.c.s.

The operation of each section is the
same and only the upper section will be
described. The difference between the two
is that the upper circuit operates with
pulses running at about 5kHz, while the
lower has pulses running at about 10kHz.

When SI is pressed, IC 1 (and IC2), a
555 timer Lc. connected as an astable
("free running" oscillator) will give a con-
tinuous output pulse train at pin 3. When
SI is released, the output pulses cease.

OUBLE

DICE

The pulses reach IC3 which is a cmos
octal counter with 8 decoded outputs.
Only one output is on (high) at any one
time which corresponds to the number of
pulses inputted to IC3 at pin 14. Since
only outputs 0 through to 5 are required
(only six equally possible dice states),
they are connected to reset after output 5
is reached. This is achieved by feeding
output "6" to the reset pin on IC3. These
six outputs are then used to derive the re-
quired dice displays in various combina-
tions to imitate the conventional dice
"spot patterns". See Table 1.

The six outputs from IC3 need to be
encoded to realise the appropriate display
pattern as outlined in Table 1. This is
accomplished with the aid of the gates
contained in i.c.s. IC5 and IC6.

The outputs from these cmos gates are
not able to supply the necessary current
to light the l.e.d.s (D 1 to D7) direct. Tran-
sistors TRI to TR4 are required to sup-
ply the necessary current boost being
driven from the gate outputs . via base
resistors R5 to R8. As the transistors are
turned on, the appropriate I.e.d.s connec-
ted to its collector lights up.

When S I is not operated, two numbers
will be displayed on the 1.e.d. arrays.
When Si is pressed, the oscillators are ac-
tivated. Since these are running at a high
frequency the counter outputs are chang-
ing rapidly through 1 to 6 and all I.e.d.s
appear to be on dimly. On releasing Si,
the oscillators are turned off and the

Table 1: Display Pattern Generation
Dice
Display

L.E.D.s Required Lit Transistors On Decode Output
(Pin No. in brackets)

1 D4 TR1 0(2)
2 D1, D7 TR2 1 (1)
3 D1, D4, D7 TR1, TR2 2(3)
4 D1, D7, D3, D5 TR2, TR3 3 (7)
5 D1, D7, D3, D5, D4 TR1, TR2, TR3 4(11)
6 D1, D7, D3, D5, D2, D6 TR2, TR3, TR4 5 (4)

current count in IC3 decoded and dis-
played on DI to D7.

The running frequencies of the oscil-
lators may be altered by changing one or
more of the timing component values, R I,
R2, CI (or R3, R4, C2). The values may
be calculated from the formula:

f- Hz
0.7(R 1 + 2R2)C 1

R in ohms, C in farads.

COMPONENTS
Since the device was intended to be

battery operated, the choice of cmos
devices was essential for reasons of
economy. Standard 555 timers were
chosen although cmos 555s were con-
sidered to give even longer battery life.
Unfortunately l.e.d.s require a lot of
current compared to that taken by cmos
devices, so, any saving from using cmos
555s would be negligible.

Any oscillator frequency could be
chosen but the higher the frequency, the
more random the result becomes.

It was decided at the outset to use 0.1
inch matrix stripboard for this project to
help keep final costs at a minimum, but
for anyone with p.c.b. making, facilities it
would probably be better to design a
p.c.b. and thus save space and reduce
wiring complexity.

COMPONENTS

Resistors
R1,2 4.7k12 (2 off)
R3,4 15ki/ (2 off)
R5-12 3.31d2 (8 off)
R13 5612

All 1-W carbon ±5%

Capacitors
C1 0.01µF plastic or ceramic
C2 1500pF plastic or

ceramic

Semiconductors
D 1-14 TIL220 0.2in red I.e.d.
D15 1N4001
TR1-8 BC214 silicon pnp
IC1,2 555 timer i.c.
IC3,4 4022 cmos octal counter
IC5-8 4000 cmos dual 3 -input

NOR plus inverter

Miscellaneous
B1 PP3 9V
S1 Push -to -make

push-button
S2 Single pole slide or

toggle

Stripboard: 0.1 in matrix size 34
strips x 12 holes, (2 off), 11 strips
x 22 holes, clips for I.e.d.s (14 off);
i.c. sockets did. 14 -pin (6 off),
8 -pin (2 off).

Approx. cost
Guidance only £8
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Fig. 1. The complete circuit diagram for the Double Dice.
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CONSTRUCTION
The prototype unit was constructed on

three separate pieces of 0.1 inch matrix
stripboard as shown in Figs. 2 and 3.
Boards A and B contain the oscillators
and counter decode circuits for each dice.

Begin by cutting the boards to size and
then make the breaks along the copper
strips. Assemble the components on
boards A and B as shown beginning with
the i.c. sockets, followed by the link wires,
resistors and capacitors. Do not insert the
i.c.s at this stage.

Make the necessary breaks on the
underside of board C and then position
and solder the transistors and resistors in
place. Attach sufficient lengths of flying

Prototype Double
Dice clearly
showing the
I.e.d.s secured by
their plastic
fixing clips.

(Right) Showing
that the unit is
almost completely
assembled on the
lid of the box.
Board C shown
here is an early
prototype board
constructed on
0.1 5in matrix
stripboard.

leads to reach the l.e.d.s to be fitted to the
lid of the case. Drill the lid of the case to
accept the fourteen l.e.d.s and fit these in
position and hold secure with fixing clips.
Also fit the two switches at this stage.
Position a length of tinned copper wire
around the I.e.d.s to meet with the
cathode terminal on each and solder. The
cathode lead is identified by a flat on the
body of the l.e.d.

Connect the flying leads from board C
to the anodes of the appropriate l.e.d.s
fitted to the front panel. Inter -wire boards
A and B and then wire to board C as
indicated in Fig. 2. Finally connect the
battery clip and solder the two switches in
circuit as shown.

The box used to house the prototype
was equipped with board mounting slots
which were used to hold boards A and B.
Board C is fitted in between the other two
boards and separated from the l.e.d. array
using a small piece of foam sponge. The
battery can be wrapped in foam sponge
inside the case.

USING THE UNIT
The unit is extremely easy to use.

Switch on at S2. A pair of numbers will
be displayed. Pressing and releasing S1
then produces another set of numbers.
Always turn off at S2 when not in use for
a long period, or better still remove the
battery. 171

A HISTORY OF ELECTRIC LIGHT AND
POWER

Author
Price
Size
Publisher
ISBN

Brian Bowers
£25 hardback. £15 paperback
150 x 2 30mm. 278 pages
Peter Peregrinus Ltd
0 906048 68 0 Hardback
0 906048 71 0 Paperback

THIS very readable book has been written by Brian Bowers of
the Science Museum to mark the recent centenary of electric

power supply to the public. (The first installation was at
Godalming in Surrey in 1881.)

In addition to light and power there are chapters on early
electrical experiments and developments such as the electric
telegraph. We learn, for instance, that the Morse code was really
invented by Samuel Morse's helper, Alfred Vail.

Non -mathematical explanations of electrical engineering
principles are given, and good use is made of informative (and
often amusing) historical material, such as the advertisement
published in London in 1894 for an electric cooker.

G.S.

TECHNICAL TRAINING IN
INDEPENDENT BROADCASTING

READERS who are thinking of a career in the technical side of
TV or radio broadcasting can obtain, free -of -charge, very

useful information on how to go about it. Number 19 of the IBA
Technical Review contains seven articles on the engineering
training available within Independent Broadcasting. Single
copies are available free -of -charge from: IBA Engineering Infor-
mation Service, Crawley Court, Winchester, Hampshire 5021
2QA.

G.H.

arshall's
A. MARSHALL ILondon) Ltd.

85 West Regent Street, Glasgow G2 2QD.
Tel: 041-332-4133; Telex: 261507; Ref: 2194

Wish all their customers A Happy and busy New
Year, and remind them that all sales, both retail
and industrial, are now handled from our Glasgow
address.

RING GAVIN BRIGGS OR
ALAN SUGDEN ON:

041-332-4133

For prices and quotations for all your electronic
requirements - instruments, components and
accessories.

We no longer have any address in London, but we
know you will be a satisfied customer if you con-
tinue to deal with MARSHALLS, the firm you have
dealt with for more than 20 years!

Marshall's
0600 6363 for "MRS. M."
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SQUARE

on
FOR
BEGINNERS

LIGHT EMITTING DIODES (l.e.d.$) are nowa-
days the commonest kind of in-

dicating lamp. They have the attractions
of small size and low current. When used
properly they should have a long life.

L.e.d.s are semiconductor diodes. They
are, however, made from quite different
materials from the silicon and germanium
diodes used for rectifying a.c. and
"detecting" radio signals. The red, green
and yellow l.e.d.s currently available are
all made from compounds of gallium.
Gallium arsenide phosphide (GaAsP)
gives either red or yellow light. Gallium
phosphide gives green light. Blue l.e.d.s
use some other compound such as silicon
carbide.

SAFE OPERATION
It must be stressed that if you try to

light up a l.e.d. in the same way that a
torch bulb is lit, that is by connecting a
battery to it, you will end up with a dead
I.e.d.

A torch bulb has a filament of fine
tungsten wire. When a power supply is
connected, the filament gets hot and
glows. This also makes the resistance of
the filament increase, and this in turn
limits the current. Increasing the voltage
does not produce a proportionate in-
crease in current, and small variations
from the nominal lamp voltage are per-
missible, as when in a car with a nominal
12V battery the voltage may rise to say
14V on occasions.

L.e.d.s are quite different. If a low
voltage is applied no current flows. If the
voltage is gradually increased there
comes a point where current begins to
flow. After that, quite a small increase in
voltage produces a huge increase in
current. Unless something is done to
restrict the current the I.e.d. is destroyed.

The simplest current -limiting device is
a resistance (Fig. 1). Here, R1 is chosen
so that the current is limited to the correct
amount to suit the particular l.e.d. What
is this? The usual small diodes are
designed to run at 20mA. The current
which flows is called the "forward"
current and designated IF on data sheets.

"Forward" means that the current is
flowing in the normal or "easy" direction,
in at the anode and out at the cathode.
(The cathode lead -out is often marked by
a "flat" on the case.) In these cir-
cumstances the voltage across the diode
is called the forward voltage, VF. For red
l.e.d.s it is about 1.6V and for green and
yellow about 2.7V. It follows that the
battery voltage Vcc must be more than
1.6V to light a red I.e.d. and more than
2.7V for green or yellow. If possible, it
should be much more, because the circuit
then becomes less sensitive to battery
voltage variations.

If the battery gives 6V and the l.e.d. is
a green one consuming 2.7V, this leaves
3.3V to be spent in the resistance RI.

For a 20mA IF, the required R1 is
3.3V/20mA and this comes to 165 ohms.
Since 165 ohms is non-standard, to be on
the safe side the next highest standard
value is used (180 ohms in the usual El2
set of resistances). It is not essential to
use the full permitted current: a l.e.d. will
still light dimly at a reduced current.

A.C. OPERATION
Being a diode, a l.e.d. will normally

allow current to flow only in the forward
direction. If a reverse voltage (anode to
negative, cathode to positive) is applied,
no current flows. Unfortunately this is not
quite true. If a large enough reverse
voltage is applied a damaging reverse
current flows and yet another I.e.d. bites
the dust.

A typical maximum permissible re-
verse voltage is 5V, but for some I.e.d.s it

Just a small selection of I.e.d.s showing
the numerous shapes available.

is less and the safest thing is not to
apply any at all.

This requires additional components in
a.c. circuits where the voltage keeps
reversing. The cheapest a.c. safe circuit
(Fig. 2) adds an ordinary silicon diode
connected so that it conducts when the
l.e.d. gets a reverse voltage. This means
that the I.e.d. passes current only half the
time and lights less brightly than in the
Fig. 1 type of circuit. To restore the
brightness, R1 can be reduced.

A more elegant (but more expensive)
alternative (Fig. 3) is to connect a second
l.e.d. in place of the silicon diode. Each
l.e.d. now lights on the half -cycles when
the other is out. The reverse voltage is the
same as the forward voltage of the lit
diode.

DISPLAYS
L.e.d.s are used in combination in the

displays of calculators and other
numerical or alphabetic devices. In the
well known "seven segment" display,
I.e.d.s form bars of light which can be
combined to make the numbers 0-9.
Selecting the appropriate segments calls
for logic circuitry and this is sometimes
built into the display device.

IF

VCC

VF

Fig. 1. Le.d. circuit showing the
usual symbols.

Fig. 2. A.c. circuit. Reverse current is

removed from the I.e.d. by a silicon diode.
Fig. 3. Two-l.e.d. a.c. circuit.
The I.e.d.s light alternately.
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T.V. SOUND TUNE BUILT 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 chopping this out?" In the
domestic TV set, one of the first casualties seems to be the
sound quality. Small speakers and no tone controls are
common and all this is really quite sad, as the TV compan-
ies 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.The unit is mains operated.
This TV SOUND TUNER offers full UHF coverage with
5 pre -selected tuning controls. It can also be used in conjunct-
ion with your videotchassis,

and hardware.
recorder. Dimensions: 1112249'5' x

us

81/2"10x53%".p.
£22.95 + £2E."Tpl"kit versionof above hout

PRACTICAL ELECTRONICS
STEREO CASSETTE

RECORDER
KIT

£32.95 * £2.75 p&p.
 NOISE REDUCTION SYSTEM  AUTO STOP  TAPE
COUNTER  SWITCHABLE E.Q.  INDEPENDENT
LEVEL CONTROLS  TWIN V.U. METER  WOW &
FLUTTER 0.1%  RECORD/PLAYBACK I.C. WITH ELEC-
TRONIC SWITCHING  FULLY VARIABLE RECORDING
BIAS FOR ACCURATE MATCHING OF ALL TAPES.
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 and hook-up wire.
Featured in April issue P.E.
Reprint 50p. Free with kit.
Self assembly simulated wood
cabinet - £4.50 + £1.50 p&p.

SPECIAL OFFER!
E31.00 plus £2.75 p&p

Complete with case.

PERSONAL LS AMP KIT
Amplifier for your.
personal stereo
cassette player as
featured in January
issue of Everyday
Electronics. Turn
your personal stereo
into a mains power-
ed home unit.

Parts: Stereo power amp PCB with all components, £3.50 +
75p p&p. Power supply unit, £1.95 + £1.50 p&p. Pair of
4%" eliptical speakers, £1.50 the pair, + £1.00 p&p. Input &
output sockets & plugs, £1.50. Recommended case (for the
power supply and amp only), £2.95 + 80p p&p.
P&P inclusive price of £1 75 for two or more articles.

BSR RECORD DECK
Manual single play record deck with auto
return and cueing lever. Fitted with stereo
ceramic cartridge 2 speeds with 45 rpm
spindle adaptor ideally suited for home or
disco.
13"x 11" approx. £12.95 +f1.75 p&p.
SPECIAL OFFER! Replacement stereo came to tape heads .-
0.80 ea. Mono £1.50 ea. Erase 70p ea. Add 50p p&p to order.

P.E. STEREO TUNER
KIT

This easy to build 3 band stereo AM/FM tuner kit is designed
in conjunction with Practical Electronics (July '81 issue).
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 meter. Two back printed PCB's. Ready
made chassis and scale. Aerial: AM - ferrite rod, FM  75 or
300 ohms. Stabalised power supply with 'C' core mains trans-
former. All components supplied are to P.E. strict specificat-
ion, Front scale size: 10%" x 2Yx" approx. Complete with
diagram and instructions.

£17.95
Plus £2.50 p&p.

Self assembly simulated wood
cabinet sleeve to suit tuner only
Finish size: 11%"x 3/.".
£3.50 Plus £1.50 p&p.

125W HIGH POWER AMP
MODULES £10.50 £14.25

+£1.15 p&p +£1.15 p&p
The power amp kit is a module for high power applications
- disco units, guitar amplifiers, 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 cir-
cuit condition. A large safety margin exists by use of gener-
ously rated components, 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 plus £2.00 p&p.
Suitable LS coupling electrolytic: £1.00 plus 25p p&p.

SPECIFICATIONS:
Max. output power (RMS): 125W.
Operating voltage (DC): 50 - 80 max.
Loads: 4 - 16 ohms.
Frequency response measured @100 watts: 25Hz - 20KHz.
Sensitivity for 100 watts: 400mV @47K.
Typical T.H.D. @ 50 watts, 4 ohms: 0.1%.
Dimensions: 205 x 90 and 190 x 36 mm.

PRACTICAL ELECTRONICS
CAR RADIO KIT

SERIES II

2 WAVE
BAND
MW -- LW
 Easy to build
 5 push button
tuning  Modern design
 6 watt output  Ready etched
and punched PCB  Incorporates suppression circuits.
All the electronic components to build the radio, you supply
only the wire and the solder, featured in Practical Electronics
March issue. Features: pre-set tuning with 5 push button
options, black illuminated tuning scale. The P.E. Traveller has
a 6 watt output neg. ground and incorporates an integrated
circuit output stage, a Mallard IF Module LP1181 ceramic
filter type pre -aligned and
assembled, and a Bird pm- £12.95
aligned push button tuning unit. Plus £2.00 p&p.

BIRD AUDIO STEREO CAR RADIO BOOSTER
To boost your car radio or radio
cassette to 15W rms per channel. £9.95 + 1.50 p&p.

SPEAKER KIT
2 WAY 10 WATT
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%"x
8%"x 4". PAIR for ONLY
£12.50 plus £1.75 p&p.

MONO MIXER AMP
Ideal for Church
halls & Club houses. £45.00

+ £2.00 p&p.
50 WATT Six individually mixed inputs for
two pick ups (Cer. or mag.l, two moving coil
microphones and two auxiliary for tape tuner,
organs, etc. Eight slider controls - six for level
and two for master bass and treble, four extra
treble controls for mic. and aux. inputs. Size:
13%"x6%"x3Y*" app. Power output 50 watts
R.M.S. (cont.) for use with 4 to 8 ohm speak-
ers. Attractive black vinyl case with matching
fascia and knobs. Ready to use.

HI-FI SPEAKERS AT BARGAIN
PRICES
GOODMANS TWEETERS
8 ohm soft dome radiator tweet-
er (33e"sq.) for use in up .to 40W
systems, with 2 element crossover.

£3.95 each I p&p £1) or
£6.95 pair I p&p £1.50)

35 WATT MICRO 2 -WAY SPEAKER SYSTEM
Unit comprises one 50w (4"app.) Audax
soft dome tweeter HD100. And one
5" Audax bass/midrange 35w
driver HI F I IJSM.
Complete with 2
element crossover.
Total impedance
of system 4 ohms.

£8.95
PER SET + £2.70 p&p.

Matching AKG Microphone to suit (with speech and music
filter). Complete with lead. ONLY £9.95 plus 75p 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.

ALL CALLERS TO: 323 EDGWARE ROAD,
LONDON W2. Telephone: 01-723 8432.
(5 minutes walk from Edgware Road Tube Station)
Now open 6 days a week 9 - 6. Prices include VAT.

Telephone or mail orders by ACCESS welcome.
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Sinclair ZX Spectr
16K or 48K RAM..
full-size moving-
key keyboard...
colour and sound..
high -resolution
graphics...

From only
f1251

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.

ZX Spectrum

BLUE
EDIT

DEF FN

?::

RED
CAPS LOCK

FN

SIN

r N

A5N

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.

COS
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TRUE VIDEO INV. VIDEO
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<7,

LINE OPEN II CLOSE *

TAN iNT RND

s NA,

ACS ATN

RESTORE DATA
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:sk
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EXP

INK
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SON

5 ,A
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L PRINT

PAPER
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L LIST

FLASH

p.X.,;;;.

WHITE

kL\ Nr,

MOVE ERASE

STR S

kza..

SOR
V

CIRCLE

BIN

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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ZX Spectrum software on
cassettes -available now

The first 21 software cassettes are
now available directly from Sinclair.
Produced by ICL and Psion, subjects
include games, education, and business/
household management. Galactic
Invasion ... Flight Simulation ...Chess...
History... Inventions ...VU-CALC ...VU -3D
..47 programs in all. There's something

for everyone, and they all make full use
of the Spectrum's colour, sound and
graphics capabilities. You'll receive a
detailed catalogue with your Spectrum.

RS232 /network
interface board

This interface, available later this
year, will enable you to connect your
ZX Spectrum to a whole host of printers,
terminals and other computers.

The potential is enormous. And the
astonishingly low price of only £20 is
possible only because the operating
systems are already designed into the
ROM.

Sinclair Research Ltd, Stanhope Road,
Camberley, Surrey GU15 3PS.
Tel: 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. Order1
Oty 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 
*I 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
PLEASE PRINT
'Name: Mr/Mrs/Miss

'Address
1 1 1

1 1 1 1 1 1 1

1 1 1 1 1 1 1

Total
£

1111111111111111

11
I I

I I

11 I EVE9OLI

FREEPOST- no stamp needed. Prices apply to UK only. Export prices on application.
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EUROPA ELECTRONICS
(VPOLLATSATGICE)RTE0G220ULATORS

5V IA 7805 .10p 7905 O P
'12V IA 7812 40p 7912 451'

Mail Order to: 160 High Road, Willesden Green, London NW10. 15V 1A 7815 409 7915 45P
18y 1A 7818 40p I 7918 15.

Tel: 01-459-2480 24V 1A 7824 40p 7924 4515

TRANSIS-
TORS

AD161 42p
AD162 42p
BC107 10p
BC108B 12p

4000

4000 10p
4001 10p
4002 12p
4006 50p
4007 ldp
4008 36p
4009 24p
4010 20p
4011 11p
4012 16p
4013 20p
4014 48p
4015 40p
4016 20p
4017 32p
4018 45p
4019 25p
4020 41p
4021 40p
4022 45p
4023 13p
4024 32p
4025 13p
4026 80p
4027 20p
4028 40p
4029 45p
4030 I5p
4037 110p
4038 110p
4040 40p
4041 40p
4042 40p
4043 40p
4044 40p
4045 105p

CMOS
4046 50p
4047 45p
4048 50p
4049 249
4050

.24e4051
4052 60I
4068 ;Z.

.;,..'4069
4070
4071 ;1,..

4072 ..;,...'
,T.4073 .;P

4075
4076 ,.."P

--l.'4077 16 
4078 top
4081 14.
4082

.,7427
,',"P4086 '''''4089 125.

4093 24.
4094 pp_

4095
.4..."

4096 709".';
4501

P4502 bop
4503
4504 -,4q5,,P7490

4506
,'Z''
''"'P4507 35..s4510 15

4511
4512 ::,'"
4518 ,,,,."

-,.;',.'"4520 """'"

TTL
74 74LS
Series

7400 11p 11p
7401 11p 11p
74027402 11p 11p
7403 12p 12p
7404 129 12p
7408 1Ip 12p
7409 15p 12p
7410 lap 13p
7411 20p 15p
7412 20p 12p
7413 20p 25p
7414 20p 30p
7420 16p 13p

22p 12p
7428 25p 14p
7430 15p 12p
7447 359 35p
7448 40p 45p
7450 16ra 15P
7474 20p 16p
7475 25p 20p
7476 30p 20p
7485 60p 48p

25p 28p
7491 35p 60p
7492 25p 32p
7493 25p 23p
74947494 351' -
7495 35p 40p
7596 40p 90p
74107 72p 159
74121 27p -
74122 40p 36p
74123 40p 38p
74160 60p 40p
74161 48p 0p
74162 dep 40p
74163 dlp 40p
74164 48p 459
74165 48p 60
74166 411p 52p

36p
74191 50p 36p
74192 sop 30p

50p 369
74794 45p 369

'"''
74196 46P 66P
74197 I6p 48p
74365 10p 32p

40p 32p
74367 40p 32p
74368 50p 50p
74390 99p 46p
74393 99p 42p
74490 120p 200p

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

for free list large items.

OPTO ELECTRONICS
214577 45p I ORP60 120 
OCP71 180p ORP61 120.
ORP12 120p I TIL78 55.

BC109 10p
BC109C 12p
BC177 16p
BC178 16p
BC179 20p
BC182L 109
BCI83L 10p

Send a of our range of
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
3mm I 5mm includ,Iclip

Red 11p I 12p
Green 14p 14p
Yellow 14p 14p

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

ELECTROLYTIC CAPACITORS
(Axial & Radial) Values in W. SCRs TRIACS

3A/100V 48

7 Segment Displays
TIL321 115p I DL704 n'r
TIL322 115p I DL707 7717

BC557 15p
BC558 15p
BC559 15p
BFY50 23p

63V: 1, 2 2, 3-3, 4'7, 638, 108p; 15, 22. 33 Op.
25V: 47, 100 89: 220, 33012p.
16V: 47014p: 1000 20p.
10V, 100015p; 2200 25p.

Thyristors
5A/400V 00
5A/600C 49
8A/300V 60

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

DIODES
0A47 Op
0A90 9p

BRIDGE
RECTIFIERS
1A 50V 19p

BFY51 23p
BFY52 23p
TIP29A 12p
TIP30A 35p

POLYESTER CAPACITORS (Radial Lead) 250V.
100, 150, 220, 330, 47n Op: 680, 1000 Bp; 1500, 220n, 330n
10p; 4700 15p; 680n 20p: 10000 25p.

- - -

8A/400V 75
8A/800V 98
2N4444 130
2145062 32
2N5064 35

12A/100V 7

12A/400V 8
12A/800V 135
16A/100V 103
16A/400V 105

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

7p

1A 100V 209
IA 400V 25.
2A 100V 309
2A 400Y 45.

TIP31A 38p
TIP32A 38p
TIP33A 65p
TIP34A 74p
TIP41A 50p

MYLAR FILM CAPACITORS (Radial Lead) 100V
In, 1n5, 202, 303, 4n7, 6n8, 10n 6p; 15n, 22n, 33n, 47n Bp.

87106 150
C108D 38
TIC44 24
TIC45 29

25A/400V 185
29A/800V 295
25A/1000V 49i

114916
1144148 4p
1N4001 5p
1N4004 Bp

---
ZENER
DIODES
2-7-33V

TIP42A 55p
TIS43 32p
2142646 45p
2N2904 28p

LINEAR
741 14p
748 36p
CA3019 80p
CA3046 70p
CA3048 220p
CA3059 285p
CA3060 250p
CA3080E 72p
CA3086 48p
CA3130E 90p
CA3130T 110p
CA3140T 90p
CA3140E 50p
CA316OE 100p
CA3161E 150p
CA3I62E 450p
CA3189E 300p
CA3240E 110p
CA3280G 200p
LM30IA 25p
LM310 120p
LM311 70p
LM318 150p

IC's
LM319 215.
LM324 30,

'''LM334Z 90.
LM335Z 140p
LM339 50p
LM348 65.
NE531 140p
NE544 150.
NE555 16 .
NE556 4

NE564 I20p
NE565 120p
NE566 155.
NE567 140 
NE570 4109
NE571 400p
NE592 60p
NE5534P 110.
NE5534AP..,..,

'TBABIO 95.
TBA820 80.
ZN423 135p
ZN425E 350p

CERAMIC CAPACITORS 50V. (Radial Lead). TIC47 35
30A/400V 52
T280000 120

1144007 7p 400mW op
2N2905 26p

26p
22pf-47,000pf E12 Values dl) each.

DIL SOCKETS

2142906
2N2907 26.

POTENTIOMETERS:
Carbon track, 0 25W log & linear
50-2M single gang 30p
5K -2M single gang D/P switch 73p

SWITCHES Special
Slide IA

offerDPDT 14p74193Low Profile

1: Pp:nn
Op

10p
16 pin 10p

I 20 pin
I 24 pin

22p
25.

I 40 pin 30

2N3053 26 
2N3055 48.
2N3702 10p
2N3703 10.
2N3704 10p
2143705 10p
2143706 10.5K -2M dual gang stereo .....

I" DPDT c/ofl 15p 2N3707 10p

PRESET POTENTIOMETERS
Horizontal & Vertical

0-1W 100R -I Meg 7P
0 25W 100R-1 Meg lop

for Xmas
Sub -miniature Toggle
SPST onlofl 54p free 10p
SP c/over 60p
DPDT 75° resistors

VEROBOARDS 0 tin
clad plain

2) 3' 73p .-2) , 5" 83974366
831 -

V,:

2143708 10p
2N3709 10p
2N3819 22p
2143903 15.
2N3904 15p
2143905 15.

RESISTORS 5% Carbon Film
E12 values.

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

DPDT c/off Illp
for £1Push Button

Push to Make 151, purchase
Push to Break 259

33! 95p
3; 17" 325p 21

4) 18" 425p -.Pkt of 100 pins
Spot face cutter 118.

Pin insertion tool 162p

2143906 15.
2145457 30p
2145458 30p
2145459 30.

MULTI -METER
7N 360TR
20,000 ohm/volt
DC Volts: 0.1,
0.5, 2 5, 10-150-
250-1,000v.
AC Volts: 10-50,
250-1,000

RESISTANCE
RANGES
X1, X10, X1K,
X1OK
£1410
P.&P. 87p

QOM
METERS: 110 x 82 x
30AA, 50gA, 1000A.
Post 50p.

35mm
f5.90.

METERS: 45 x 50 x 34mm
504A, 100µA, 1mA, 5mA, 10mA,
25v, 1A, 2A, 5A 25V.
£2 90. Post 30p.

TRANSFORMERS
240v Primary
3-0-3v 100mA 82p
6-0-6v 100mA 87p
6-0-6v 250mA £1 .22

12-0-12v 50mA 92p
12-0-12v 100mA £115
Post on above transformers 48p.

9-0-9v 1A £1.80

METERS: 80 x 47 x 33mm
50AA, 100AA, 1mA, 5mA, 10mA,
100mA, 1A, 2A, 25v, 50v,
50-0-50AA, 100-0-100AA. £4 76.
VU meters. £5.32.
Post on above meters 30p.

Silicone grease 50g £1.32 Post
14p.

NI -CAD BATTERY
CHARGER
Led indicators charge -test switch.
For PP3, HP7, HP11 6, HP2 size

12-0-12v 1A £2.40
15-0-15c 1A £280
6.3v 14A £1 .80
6-0-6v 14A £2.10

batteries. Post on above transformers 87p.
Price £5-85 Post 94p.

All above prices include V.A.T. Send 80p for new 1982 fully Illustrated
catalogue, S.A.E. with all enquiries. Special prices for quantity quoted
on request.

All goods despatched within 3 days from receipt of the order.

M. DZIUBAS
158 Bradshawgate, Bolton

Lancs. BL2 1BA

r imumming
DIE R1

L The firm for Speakers

Bigger and Better
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 1.50 for catalogue
(cheque, M.O. or stamps-- or phone with your credit card number)

* Access - Visa - American Express accepted *
also HiFi Markets Budget Card.

AUDIO
L The firm for Speakers

35/39 Church Street, Wilmslow, Cheshire SK9 lAS

0625 529599

Lightning service on telephoned credit card orders!
Please allow 7 days for delivery
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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. L p. 45p.

ZX TAPE CONTROL Nov 82. £648
PHOTO FINISH Nov 82. £5.98
SINE WAVE GEN Oct. 82. £14-65
G. P. PRE -AMP Oct. 82. £5-64
LIGHTS ON ALERT Oct. 82. £4-25
CONTINUITY CHECKER Sept 82. 14.97
SOUND SPLITTER Sept 82. £1577
SOUND RECOMBINER Sept 82. £3 70
SCREEN WASH DELAY Sept 82. £4.48
INSTRUMENT PRE AMP Aug. 82.

£7 02
TWO TONE DOORBELL ALARM Aug
82, less case and bell transformer. £682
CB ROGER BLEEPER Aug 82 £8-47
BRAKE LIGHT RELAY July 82. DUN
2 -WAY INTERCOM July 82. £4-11
ELECTRONIC PITCH PIPE July 82

£4.91
REFLEX TESTER July 82. £7.07
SEAT BELT REMINDER June 82. £3 73
EGG TIMER June 82. £4'95
TWO TONE TRAIN HORN WITH
REMOTE TRIGGER OPTION May 82.

£11  n
CAR LED VOLTMETER less case.
May 82. £2 89
LIGHTNING CHESS BUZZER. May 82

£6 20
V.C.O. SOUND EFFECTS UNIT Apr 82

£11.56
CAMERA OR FLASH GUN TRIGGER
Mar 82. £1241 less tripod bushes.
POCKET TIMER Mar 82. £3' 71.
GUITAR TUNER Mar 82. £15 63.
CAR OVERHEATING ALARM. Feb. 82.
£9 61.
SIMPLE STABILISED POWER
SUPPLY. Jan. 82. £24 58
MINI EGG TIMER. Jan. 82. £3.94
SIREN MODULE. Jan. 82. less speaker.
E5 57.
MODEL TRAIN CHUFFER. Jan. 82.
ES 27.
SQUARE SIX. Dec. 81. £4 70.
GUITAR ADAPTOR. Dec. 81. £3..76
REACTION METER. Dec. 81. £1755.
ELECTRONIC IGNITION. Nov. 81.
E25 98.
SIMPLE INFRA RED REMOTE CON-
TROL. Nov. 81. £16.98.
PRESSURE MAT TRIGGER ALARM.
Nov. 81. £6271 ess mats.
EXPERIMENTER CRYSTAL SET.
Nov. 81. Less aerial. a 99.
Headphones. £2' 98 extra.
CAPACITANCE METER. Oct.81.E23' 51.
SUSTAIN UNIT. Oct. 81. £1276.
'POPULAR DESIGNS'. Oct. 81.
TAPE NOISE LIMITOR. £4 57.
HEADS AND TAILS GAME. £2 52.
CONTINUITY TESTER. £3 95.
PHOTO FLASH SLAVE. 13 46.
FUZZ BOX. E7.29.
OPTO ALARM. £6 78.
SOIL MOISTURE UNIT. E5 61.
ICE ALARM. £7.89.
0-12V POWER SUPPLY. Sept. 81. £17 9111
CMOS CAR SECURITY ALARM.
Sept. 81. Ef ..08
CMOS DIE. Sept 81. £7 .99
LED SANDGLASS. Aug. 81. £9.53.
CMOS METRONOME. Aug. 81. E8.23.
COMBINATION LOCK. July 81. Less
case. £19' 58.
BURGLAR ALARM SYSTEM. June 81
less bell, loop 8 s. £40.98.
TAPE AUTO START. June 81. £12.711.
LIGHTS REMINDER AND IGNITION
LOCATOR E.E. May 81. £5..66
SOIL MOISTURE INDICATOR E.E.
May 81. £4 09.
GUITAR HEADPHONE AMPLIFIER
E.E. May 81. £4 23.
PHONE BELL REPEATER! BABY
ALARM E.E. May 81. £5 66.
INTERCOM. April 81. £2223.
SIMPLE TRANSISTOR 8. DIODE
TESTERS. Mar. 81. Ohrneter version
£202. Led version £2 73

MINI SIREN. Mar. 81. £11.64.
LED DICE. Mar. 81. £6.44.
LED FLASHER. Mar. 81. £4' 29.
MODULATED TONE DOORBELL.
Mar. 81. 111-64.
BENCH POWER SUPPLY. Mar. 81.
E53 '47.
THREE CHANNEL STEREO MIXER.
Feb. 81. £18.69.
SIGNAL TRACER. Feb. 81. E0 17 less
probe.
N i-Cd BATTERY CHARGER. Feb. 81.
£13.61.
ULTRASONIC INTRUDER DETEC-
TOR. Jan. 81 less case. £5.3' 47.
2 NOTE DOOR CHIME. Dec. 80. £16.32.
LIVE WIRE GAMS. Dec. 80. 1E11-70.
GUITAR PRACTICE AMPLIFIER.
Nov. 80. £12 82 less case. Standard case
431111. High quality case £833.
SOUND TO LIGHT. Nov. 80. 3 channel.
£2134.
TRANSISTOR TESTER. Nov. 80.
1E11'63 Inc. test leads.
AUDIO EFFECTS UNIT FOR WEIRD
SOUNDS. Oct. 80. £1311,
BICYCLE ALARM. Oct. 80. 110-15 less
mounting brackets.
IRON HEAT CONTROL. Oct. 80. £5 K.
TTL LOGIC PROBE. Sept. 80. £5-111.
ZENER DIODE TESTER. June 80. E6 66.
4 STATION RADIO. May 80.116 29 less
case.
LIGHTS WARNING SYSTEM. May 80.
£468.
B ATTERY VOLTAGE MONITOR. May
80. 45 16.
CABLE 4 PIPE LOCATOR. Mar. 80.
£4.11 less coil former.
KITCHEN TIMER. Mar. 80. £14.65.
STEREO HEADPHONE AMPLIFIER.
Mar. 80. E11115.
MICRO MUSIC BOX. Feb. 80. 116-26.
Grey Case £.399 extra.
SIMPLE SHORT WAVE RECEIVER.
Feb. 80. £25 K. Headphones E2-1111.
SLIDE/TAPE SYNCHRONISER. Feb.
80. £12' 311.
MORSE PRACTICE OSCILLATOR.
Feb. 80. E4.62.
SPRING LINE REVERB. UNIT. Jan. 80.
EMU.
UNIBOARD BURGLAR ALARM- Dec.
79 £0 03.
B ABY ALARM. Nov. 79. £11-116.
CHASER LIGHTS. Sept. 79. £2340.
SIMPLE TRANSISTOR TESTER.
Sept. 79. ET 30.
DARKROOM TIMER. July 79. E2' 69.
ELECTRONIC CANARY. June 79.£5.46.
MICROCHIME DOORBELL. Feb. 79.
£15 85.
THYRISTOR TESTER. Feb. 79. E3 76.
FUSE CHECKER. Oct. 78. 1231.
SOUND TO LIGHT. Sept. 78. E1-42.
CAR BATTERY STATE INDICATOR.
Sept. 78. Less case. E2.09.
R.F. SIGNAL GENERATOR. Sept. 78.
EN 72.
IN SITU TRANSISTOR TESTER.
June 78. £6.77.
WEIRD SOUND EFFECTS GENERA-
TOR. Mar. 78. E5.59.
AUDIO VISUAL METRONOME. Jan. 78
ES K.
ELECTRONIC TOUCH SWITCH. Jan.
78. L2.73 less case.
RAPID DIODE CHECK. Jan. 78. £2.74.
PHONE/DOORBELL REPEATER. July
77. CI  46.
ELECTRONIC DICE. Mar. 77. £5 64.

MORE KITS AND
COMPONENTS
IN OUR LISTS

FREE PRICE LIST
Price list included with

orders or send sae (9 x 4)
CONTAINS LOTS MORE

KITS, PCBs &
COMPONENTS

1982 ELECTRONICS
CATALOGUE

Illustrations, product descriptions, circuits all in-
cluded. Up-to-date price list 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 lines end are new & full specification. We giVe personal service &
quality products to all our customers -HAVE YOU TRIED US?

MAGENTA ELECTRONICS LTD.
EG47, 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_
r. OFFICIAL ORDERS WELCOME.

11111111111

41=1:311
11.0 .C.01, OVERSEAS. Payment must be in sterling,

IRISH REPUBLIC and BFPO: UK PRICES.
EUROPE: UK PRICES plus 10%.A 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 £1 68
WIRE STRIPPERS &
CUTTERS £2 69 MULTIMETER TYPE 2. (YN360TR)

HELPING HANDS JIG 26.30
20K o.p.v. with transistor tester.

£14-75
Heavy Ease. Six ball and socket ioints
allow infinite variation of clips through
360°. Has 2)" diameter (2.5 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 ape) 15.40
SET. 10 leads with 20 clips 99p
RESISTOR COLOUR CODE
CALCULATOR 219
CONNECTING WIRE PACK TYPE
ED. 11 colours 49p

ILLUMINATED MAGNIFIERS
Small 2" dia. 15, mag.) 11.14
Large 3" dia. (4. mag.) £2

CAST IRON VICE E2 f t
SCREWDRIVER SET Et IS
POCKET TOOL SET £3
DENTISTS INSPECTION MIRROR

£2 85
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 £2798. LIST 3 £5.110.

* * * SPECIAL OFFER * * *
LISTS 1, 2 and 3 all bought together £33 411..

WOODEN CASE KIT also available £11 -911 -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 L3.35
ELECT. PROJECTS IN PHOTOGRAPHY

£3.35110 ELECT. ALARM PROJECTS £5.35
MODEL RAILWAY PROJECTS 11'95
BASIC ELECTRONICS. Theory and
practice £7
BEGINNERS GUIDE TO BUILDING
ELECT. PROJECTS E1  50

Similar tO 'Electronics' below.
Uses I.C.s. Includes dice, elec-
atonic organ, doorbell, reaction
timer, radio etc. Based on Bim-
board 1 bread board..Adventures with Microelectronics

£2.55
Component pack £29.64 less
battery.

ADVENTURES WITH ELECTRONICS by T
ncomDu an

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 £240. Component pack £18-98 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 £42 50, ref. EEDC. All the components needed including
2 breadboards and hexadecimal keyboard. Available less
breadboards £29 98, ref. EEDF. Both less battery.
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MASTER
ELECTRONICS

NOW!
The PRACTICALway!

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.

NewcJob?NewCareer?NewHobby?GetintoElectronicsNow!

ICOLOUR BROCHUffiE

I

I EU ELIA RON

1110.A P:11.

IPOST NOW TO.

--------------11
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

BLOCK CAPS PLEASE EE/1/820

drilishNational Radio &Electronics School Reading,Berks.RG11Blij
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ACTIONS SPEAK
LOUDER THAN WORDS

The much acclaimed
Rogers, Heybrook.

Shackman Novastatic
and Monitor Audio

speakers -reviewed!
New series

SYSTEM BUILDING to
£1,000. We review

£200 cassette decks!

win ROGERS loudspeakers
* EMI Supercut LP's
more special offers ...
VW, Delius and Elgar
*The AKG Range

* AUDIOCLINIC ... more
tales of woe

Universal NI -CAD, battery charger. All plastic case

at each of the five charging points.
Charges:- PP3 19V), U12 (1.5V penlite), U11
11.5V "Cl," U2 11.5V "D-1, Power:- 220-240V
AC, Dims:- 210 x 100 x 50mm. Knock down
price only while stocks -
last.

Only £6.00
Order No. MW 398

Multitester & Transistor Tester
DC volts 0.1v -5v -2.5v -10v -50v -250v -1000v -3'0
AC volts 0 -10v -50v -250v -1000v r 3'.
DC current 0-50uA-2'5mA-25mA-0'25A

OnlyResistance:
Minimum 0.2-2.200-200k ohms £11.95

Order No.Midscale 20 -200 -20k -200k ohms -±3%
Maximum 2k -20k -2m -20m ohms
As a transistor tester
Leakage current 0-150uA at Z1k range )

0-15mA at X10 range } t5%
0-150mA at X1 range

PLEASE ADD 15% VAT & El P&P

HT 320

04 ENFIELD
208 BAKER ST., ENFIELD,

ELECTRONICS MIDDX. Tel: 01-366 1873

TITAN TRANSFORMERS AND COMPONENTS
CENTRAL HALL CHAMBERS,

GRIMSBY DN32 7EG
Mail Order only - Prices include 15% 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 are interested in.

30 Solderless
Breadboard
Projects - Book 1

BRAND NEW
VEROBLOC KIT!!!

Just published by Babani, Mr. R. A. Penfolds
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
& Alarms
Timers
Metronome
Oscillators & Tone Generators
Warbling Door Buzzer
Two-tone Train Horn
Touch Switch
Reaction Game
Sound Activated Switch
Radio Receivers
Fun Unit + lots more!!

The introduction shows all the different com-
ponents and explains how to use the bread-
board. 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 students.
The complete kit is contained in an attractive
plastic case, which can be divided up into I5
compartments in which your components may
be stored.
Complete Kit, including book, Verobloc & all
parts L24.95; Book only L2.25; Kit without
Verobloc L20.45.

NOW
REDUCED
TO L3.95

ELECTRO-DIAL
Electrical combination lock -for maximum
security -pick proof. I million combinations!!
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 con-
tacts close. These can be used to operate a
relay or solenoid. Overall dia. 65mm x6Ornrn
deep. Only L3.95.

STABILIZED PSU PANEL
A199 A versatile stabilized power supply with
both voltage (0-30V) and current (201MA-2A)
fully variable. Many uses inc. bench PSU. Ni-cad
charger, gen. purpose testing. Panel ready built,
tested and calibrated. L735. Suitable trans-
former and pots, [6.00. Full data supplied.

HEAT SINKS
Redpoint 4W type drilled for 2 x 703. Size
130 x 100 x 32. L2.50.

OPTO SCOOP!!!
7 Se g Displays from 40p!!!
0.3" CA MS133A 50p; 4 for L1.60
0.3" CC M513 IC 50p; 4 for LI.60
0.6" CA Dual digit /45261 90p
0.6" CC 4 digit MS4631 L1.75
0.27" CA TI1302 6Sp; 4 for (2.00
All supplied with pin -out data.

5mm RED LED SCOOP
Another company gone bust- to your advant-
age!! We've bought all their 5mm red
LED's -GI type MV5754, and offer them as
follows:
25 LI.95; 100 L6.00; 250 L13.50; lk L39.50;
5k L185. Add 30% for 2 -part clip if required.

TIL302 7-SEG DISPLAY
0.27in red common anode. Only 65p.

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 L1.00.

REED RELAYS
Manufacturers rejects - DIL and other PCB
mounting types. SP, DP and 4P - make, break
& c/o contacts. Not tested, may be only par-
tially working or o/c etc, so very low price -
pack of 10 assorted LI; 25 L2.00; 100 L7.00

I N4I48 - BEST PRICE EVER
Supplied in packs of 100, by Toshiba L2 per
pack; 3 packs L5.50; 10 packs L15; 25 packs
C32; 100 packs L115.

FERRIC CHLORIDE
New supplies just arrived - 250mg bags of
granules, easily dissolved in 500m1 of water.
Only LI.IS. Also abrasive polishing block 95p.

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

Only 7Sp inc. post - Look what you get!!!
* Vouchers worth 60p.
* I st 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.

I N4007 1000V IA RECTS
Motorola bandoliered-lowest ever price!! 100
L2.95; 300 L8.50; lk L27; 3k L72; 10k L220.

LIE DETECTOR
Not a toy, this precision instrument was origi-
nally 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 41V butts. Overall size 155 x100 x I 00mm.
Only L9.95 -worth that for the case and
meter alone!,

COMPONENT PACKS
K503 150 wirewound resistors from I W to
I 2W, with a good range of values. L1.75.
K505 20 assorted potentiometers, all types
including single, ganged, rotary and slider.
L 1,70,
K514 100 silver mica caps from SpF to a few
thousand pF. Tolerances from I% to 10%.
[2.00.
K520 Switch pack -20 different rocker, slide,
rotary, toggle, push, micro, etc. Only L2.00.
Pack of disc ceramics, assorted values and vol-
tages - 200 for LI.00
K501 Approx 300 long leaded I & 1W carbon
resistors - wide range of values. Only L1.00.

STARBIRD
Gives realistic engine sounds and flashing laser
blasts - accelerating engine noise when module
is pointed up. decelerating noise when pointed
down. Press contact to see flash and hear blast
of lasers shooting. PCB tested arid working
complete with speaker and ban clip (needs
PP3). PCB size 130 x 60mm. Only (2.95

1000 RESISTORS [2.50
We've just purchased another 5 million pre-
formed resistors, and can make a similar offer
to that made two years ago, at the same
price!!! K523-1000 mixed 1 to 1W 5% carbon
film resistors, preformed for PCB mntg.
Enormous range of preferred values. 1000 for
L2.50; 5000 L10; 20k L36.

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

GREEN WELD
443D MILLBROOK ROAD, SOUTHAMPTON SOI OHX

All prices include VAT - just add 50p post. Tel. (0703) 772501
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Receivers & Components

AERIAL BOOSTERS trebles incoming signal. price £7.00.
SAE leaflets. VELCO ELECTRONICS, Ramsbottom, Lanca-
shire BU) 9AG.

300 SMALL COMPONENTS, transistors, diodes, £1.70 7Ibs
assorted components £425 10Ibs £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 I NI.

TURN YOUR SURPLUS capacitors, transistors etc., into
cash. Contact Coles Harding & Co., 103 South Brink, Wis-
bech, Cambs. 0945-584188. Immediate settlement.

XMAS ELECTRONICS SALE
(Deduct 15% discount on orlon 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 500 ohms. All headphones fitted with Ex
Ministry plug. Standard new lack 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. ft. 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 90p, p.p. 29p. SEMICONDUCTOR SALE. ITT
BC183 transistors. 10 for 30p or 4p each. ITT IN411102
diodes 3p each. 10 for 25p. OPTRON TYPE
INFRA RED DIODES. High output Power. Matched to
the OP500 and OP500SL series photo transistors. Our
price 409. 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 14 metres.
plated sections. As used on Ex Govt. Manpacks. Brand
new in makers boxes. £2.50 each, p.p. 75p. 2 for £5
post free.
Please add 15% VAT to all orders including post
packing and carriage.

MYERS ELECTRONICS. (E.E.), 12/14 Harper Street.
Leeds LS2 7EA. Leeds 452945. 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.

drefgtfriKs
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,

COMPONENTS BARGAINS. Fantastic value packs at £1 includ-
ing postage. SAE Lists: Bermel, Ellerslie Chambers. Bourne-
mouth BH1 2EE.

ELECTRONIC COMPONENTS MERSEYSIDE, Myca
Electronics, 2 Victoria Place, Seasombe Ferry, Wallasey, L44
6NR. Mail order. Send 50p for price list refundable off first
order. 051-638-8647.

BIG BARGAIN BOX
Our Big Bargain Box contains over a thousand com-
ponents -resistors, capacitors, pots, switches, diodes,
transistors, panels, bits and pieces, odds and ends.
All useful stuff -would cost many times the price we are
asking if bought separately. Approx weight 4lbs. ONLY
£5.00 inc. post-your'e bound to come back for another!

ESP, 1470 Foundry Lane, Southampton, SO1 3LS
Lots of surplus bargains on our latest list -send an
s.a.e. for your copy now.

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
BELL'S TELEVISION SERVICE for service sheets on
Radio, TV etc. £125 plus SAE. Colour TV Service Manuals
on request. SAE with enquiries to BTS, 190 King's Rd..
Harrogate, N. Yorkshire. Tel: 0423 55885.

ANY PUBLISHED, FULL-SIZE SERVICE SHEET by return
£2 + LSAE. CTV/music centres £3. Repair data with all
circuits, layouts, etc, your named TV or Video £8.50. Free
50p mag. All orders, queries-T1.S. (EE.), 76 Churches,
Lark hall, Lanarkshire.

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 RGI IBR.

For Sale

OPTICAL FIBRES for use in communications, electrical iso-
lation, remote sensing, illumination, etc. Introductory pack-
age contains 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 £5.95 to
Quantum Jump Ltd., 53 Marlborough Road, Tuebrook,
Liverpool L13.

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 EVERYDAY ELECTRONICS
Classified Advertisement Dept, Room 2612,
King's Reach Tower, Stamford Street, London SE19LS

ADDRESS Telephone 01-261 5942
Rate:
31p per word, minimum 12 words. Box No 60p extra.

Company registered in England. Registered No. 53626. Registered Office: King's Reach Tower, Stamford Street, London SE1 9LS. 1/83
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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).

Educational

COURSES -RADIO AMATEURS EXAMINATION. City
and Guilds. Pass this important examination and obtain
your licence, with an RRC Home Study Course. For details
of this and other courses (GCE, professional examinations
etc) write or phone -THE RAPID RESULTS COLLEGE,
Dept JR2, Tuition House, London SW19 4DS. Tel: 01-947
7272 (9 am -5 pm) or use our 24 hour Recordacall Service:
01-946 1102 quoting Dept JR2.

Miscellaneous

THE SCIENTIFIC
WIRE COMPANY

PO Box 30, London EA. 01 531 1588
ENAMELLED COPPER WIRE

SWG 1 b 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 15.96 9.58 6.38 3.69

SILVER PLATED COPPER WIRE
14 to 30 7.09 4.20 2.43 1.72

TINNED COPPER WIRE
14 to 30 3.97 2.41 1.39 0.94
FLUXCORE
SOLDER 5.75 3.16 1.73 0.96
Prices include P & P vat. Orders under £2 add 20p.
SAE for list of copper and resistance wire. Dealer
enquiries welcome.

SAVE Eff's ON HOME HEATING BILLS
Unique Digital Themmstat
Possible Fuel Savings of
up to 25%.

Normally manufactured
exclusively for the trade

111111

it

Features: *Continuous readout el ambierrt temp via 3 dart 1
segment &play. *LED inticates when pump is in operation
*02°C Hysterises. *240V 3A control contacts. *Switched set
temperature. *Freeze protection setting.

High specification. Simple to calibrate.
Connect in place of existing thermos-
tat Requires 240V 2VA supply.

Kit includes all necessary
components, diagrams and

instructions.

KIT PRICE ONLY 09.90; or ASSEMBLED E49.90.
Prices include P+P and VAT Send Cheque or PO to:
DICON ELECTRONICS LIMITED, BOND STREET,

BURY, LANCS BL9 7DU. Telephone 061-797666.

ELECTRONICSARNE WITHOUT
SOLDERi

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.
Full instructions and 2 circuit
diagrams with each S -Dec.
Send cheque or P.O. to: -
Wu Products, Del) El£4 70High March, Coventry,
Northants. 111111400 including p A p

QUARTZ CLOCKS. LCD. only 11' dia. sticky backed. Only
£320, spare battery 75p. Tails Mai Order, 31 Lime Grove,
Addlestone, Surrey.

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 1), 15 Hawthorn Cres-
cent, Bewdley, Worcs. DY12 2.1E.

DIGITAL WATCH REPLACEMENT PARTS. Batteries,
displays, backlights, etc. Also reports, publications, charts.
SAE for full list. PROFORDS, Copners Drive, Holmer
Green, Bucks HP15 6SGA.
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BAKER £69
50 WATT Post £2

AMPLIFIER
.. :4)::.02:'.42:.

Superior quality ideal (or Halls/PA systems. Disco's and
Groups. Two inputs with Mixer Volume Controls. Master Bass,
Treble and Gain Controls. 50 watts RMS. Three loudspeaker
outlets 4, 8, 16 ohm. AC '240V 1120V available).
BAKER I50 Watt AMPLIFIER 4 Inputs 189
Mono Slave 150W 275. post £2 Stereo Slave 21215. poet 22
DRILL SPEED CONTROLLER LIGHT DIMMER KIT.
Easy to build kit. Controls up to 480 watts AC mains. 13
DELUXE MODEL Ready Built. 800 watts. 26
STEREO PRE -AMP KIT. All parts to build this pre -amp.
3 Inputs for high, medluin or low gain per channel, with
volume control and P.C. Board. Can be ganged to make
multi -way stereo mixers. 2295

SOUND TO LIGHT CONTROL KIT MK II
Complete kit of parts, printed circuit. Mains transformer.
8 channels. Up to 1,000 watts each. Will operate from 200MV
to 100 watts signal source. Suitable for home Hi-Fi Mg
and all Disco Amplifiers. Less cabinet 115.00. Post 96p
OR COMPLETE READY BUILT IN CABINET 227
200 Watt Rear Reflecting White Light Bulbs. Ideal for Disco
Lights. Edison Screw 75p each or 6 for 14 or 12 for 27.80.
MAINS TRANSFORMERS Primary 240V A.C. POST
250-0-250V 80ntet. 6.3V 3.15A. 6.3V IA 15.00 99
950-0-350V 250mA. 6.3V (Lamp C.T 912.00 19
220V ?Etna. BV IA 92. 220V 45mn. 6V 2A 23.00 Ii
230V 60ma t -3V SA 13.50 11
General purpose tapped outputs voltages available.
2 amp 3, 4. 5, 6, 8. 9,10, 12, 15, 10, 25 and 30V 26 -00 12
1 amp 6, 8, 10, 12,16, 18,20,24. 90, 96, 40, 48, 60 SI  00 29
2 amp 6, 8, 10, 12, 16,18, 20, 24, 30, 36, 40, 48 , 60 110.50 99
3 amp 6, 8.10, 12.16, 18, 20, 24, 30, 96, 40, 48, 60 212 50 MI
5 amp 6, 8, 10, 12,16, 18, 20, 24, 30, 36, 40, 48. 60 216 00 IS
5.8-10-16V fa ...28150 802 12.0-12V 2a .. 13 60 111

BV fa 2800 11 15-0-15V 2a 13.75 91
6-0-61, 11a 1350 21 20V la 13 00 21
DV 250iiia 21 50 80p 20V 3a .0250 21
9V 9a 23.50 11 20-0-20V la 23-50 11
9.11-9V 50ma .21.50 80p 20-40-60V la 94.00 119

10.0-10V 2a 43..00 21 25.0-25V 2a 14.50 62
10.30-40V 2a 2350 21 28V la Twice -WO 29
12V 100ma 2150 130p 30V lia WM II
12V 750ma 22-00 80p 30V 5a 115.130 12
12V So 23.50 21 34-0-34V 6a ....11112-00 22
12V 2a 23-00 11 35V 2a 14.00 SI
TOROIDAL 30-0-30V 4 Anip+20.0-20V 1 Amp 91000 12
CHARGER TRANSFORMERS RECTIFIERS
6.12V 9a 24.00 22 6-12V 2a 11.00 80p
6-ISV 4a 18.50 22 6.12V 4a 22  00 80p

R.C.S. LOUDSPEAKER BARGAINS
3 ohm. 6 x 41n., 51n., 7 x 4in. 22 60. 8 x 6ln. Silo. 23 00.
Bin. 2450. 101n. 2600. 8 ohm. 21. 21. 211n. 48.00.
3in., 5 x 91n., 51n. 1250. gin. 24-50. 10In. 25-00. 121n. 213 00.
16 ohm. 31in. 6 x 41n, 51n. 2860. Sin. 24.60. 10 x 6In. 24.00.
25ohm. 31In. 36 ohm. 31n. 2860. Many others In stock.
Speaker Covering Material Samples 91p. stamps.
R.C.I. LOW VOLTAGE STABILISED
POWER PACK KITS 90-100 In A Post 75p 13.95
All parts and instructions with Zener diode printed circuit,
rectifiers and double wound mains transformer Input 200-240
a c. Output voltages available 6 or 7 -5 or 9 or 12V fl.c. up to
100mA. State voltage.
PP BATTERY ELIMINATOR. BRITISH MADE £4.50
Mains Transformer Rectifier 9 volt 400ma. Post 75p
stabilised, with overload cutout. Plastic case size 5 x 51 x 21.
Suitable Radio/Cassettes. Fully Isolated and Smoothed.
DELUXE Switched Model 3-6-75-9V 400nta. 27.60. Poo 011
THE "INSTANT" BULK TAPE ERASER
Suitable for caseettes and all sizes of tape reels
A.C. mains 200/240V. gp so Post
Ideal all Computer. . 951,
Tapes, Discs, Cassettes.
HEAD DEMAGNETISER PROBE 28.00. -

A.C. ELECTRIC MOTORS POST 95p.
2 Pole. 240V, 0.2 Amp. Spindle -
1.43 x 0-21.21n. £1.75. 2 Pole. 11111Vjg.
240V, 0.15 Amp Double spindle --
1.75 x 0161n. Each St. 2 Pole. 1;It 11
120V,  5 Amp Spindle -0.75 > 111 -of0.2In. Two In series - 240V. 501,
each. Brush Motor. From a Food (70:?!..3
Mixer 240V, -3 Amp High Speed
and Powerful Spindle -0'5 x ...
0.251n. 22-95. Good Selection.
B.S.R. Motors £4. Garrard Motors LE.

ALUMINIUM CHASSIS 18 /ACC UndrIlled, 4 sides, riveted
corners: 6 x 4 x 21in. 11.45; 8 x 6 elfin. 21.80; 10 x 7 x 21 in
22-30; 14 x 9 x 211n. 23.00; 16 x 6 x 211n. 2290; 12 x3 x 2ain
El -80; 12 x 8 x 21in. 02.60; 16 x 10 x 21in. 03-20.
ALI ANGLE BRACKET 6 x 1 x tin. 25p.
ALUMINIUM PANELS 18 s.w.g. 12 x 121n. 21.50; 14 x 9In.
Al. 45; 6 x 4In. 43p; 12 x 81n. 21.10; 10 x Tin. 96p; 8 x 61n. 72P.
14 x 31n. 72p; 12 x Pis. 72p; 16 x 10in. 21.68; 16 x 6In. 21.10;
ALUMINIUM BOXES. MANY OTHER SIZES IN STOCK.
4 x Il) x 21n. 21.00; 3 x 2 x lin. 80p; 6 x 4 x 2in. 21.60; Soon
Sin 12.50; I2x5x3in £2.75; 6 x4 x3in £1.80; 10x7x2fin D.
HIGH VOLTAGE ELECTROLYTICS 32+32/350V 504
8/450V ....459 50/450V 955 32+32/500V ...11  80

32/350V ....459 220/430V 959 32+32+32/352V MP
32/500V 96p 8+16/450V ...75p 16+92+32/500V IS

BSR HI-FI AUTOCHANGER .

Stereo Ceramic Cartridge E18
Plays 121n., 101n.. or 7in.
records Auto or Manual.
Quality unit 240V AC POST
Size 131 x 1111in. £2
BSR Single Player P204 cueing device, Ceramic 216 post AA
or with ADC. QLM 30/3 Magnetic cartridge. 120 poet 22
BSR P184 QUALITY DECK. BELT DRIVE
VARIABLE SPEEDS, 12in Turntable with E47
Strobe Markings. Balanced Arm with
Ma netic Cartrid e. ADC.s LM 30/3. post £3

BSR P170 Single Player. Stint arm. 240V. AC. A....
Ceramic cartridge. Cueing device. Auto stop. LAU post ER

B.S.R. P232. Belt drive. magnetic cartridge, £23 pout 22snake arm, cueing device. 12 volt D.C.
B.S.R. Single Player. 9 volt D.C. motor, rim  m e.
drive, ceramic cartridge. LI al post 22

Radio Component Specialists
337, WHITEHORSE ROAD, CROYDON,

SURREY, U.K. TEL: 01-684 1665
Post 65p Minimum. Callers Welcome. Closed Wed.
Same day despatch. Access -Barclay -Visa. Litt* 31p.
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EXCLUSIVE OFFERS!

MULTIMETERS
- -

7206 20K/Volt. 19 7081 50K/Volt. range
ranges. doubler

ALL

INCLuto,
PRICEs

VAT

bonus for all orders
received by 28/2/83.

2050 50K/Volt plus
Hfe Tester

Mini stereophones
with every

7206/7081 /2050
(State 314mm or ',"'\ jack plug)

Foewith SG402 ofe with CS1566Amge with CSI 820
below. below below

PLUS 00
meror2,4,se. above

TRIO 20 MHZ DUAL TRACE SCOPES
140mm Tube: OC to 20 MHZ: 5mV sensitivity: CH2 Invert
CSI 820 Delayed sweep: 02-usec to 0.5

ADD. List Price £539.00 inc. VAT. SAVE E119sec Sweep: Modes CHI. CH2. DUAL and

Our Price £420.inc. VAT (UK c/p £41

CS1586A NOR. AUTO. VIDEO: 0.5-usec
Sweep: Modes CHI. CH2. ALT. CHOP and I SAVE £S9
ADD. List price £368.00 inc. VAT.

Our Price £299 inc. VAT 1UK c/p £41

SPEAKERS & TWEETERS

HIF2OESM 8 ohm
30/50 wan Bass/

Midrange 8' £5.95
IUK c/p £1 201

NINO
HIF2OESM 4 ohm

Version 8 £4.95
'UK c/o f1.201

H125 8 ohm CN38

15 watt tweeter 3 way 8 ohm 15 wall S$1300 40 watt liT315F s 8 ohm

£1.95 crossover £1.25 version £1.75 30 watt tweeter

(UK c/p Tweeters & Crossovers 65p per 1-3 itemsl,
£3.95

'Optional probe X 10 £9.451

S Mini stereophones as above
ffiit for purchases of 00.00 or

more from this advertisement.

HIF87BSM 4 8 Ohm

30/50 watt midrange

£4.95 IUK c/o 6.5pi

PN303 8 ohm 15
watt tweeter £2.20

STEREOPHONES  MEGAPHONES  P.A. HORNS
331S 10 watt mega-
phone with siren

sweigs £32.95
'UK c/p £1.051

331 without siren

£28.95
1UK c/p £1 .05'

Car Speakers
SP25/4 10oz 4 ohm

£6.50 fjP35
GRB520 10 to 20 [UK c/p £1051

watts 5 Tapped 4 and GR680 20az 8 ohm
8 ohm 20oz £.l&95- fl -t-,96

£7.95 pair £7.50
(UK c/p £1.051 IUK c/p f1.051

CH666 10 wan 8
ohm PA Horns s,8,95

£6.95 (UK c/p 65p1

M1 12 Stereaphones
padded earpieces:
mono/stereo switch,
vol. controls -1.6.45

£3.95 IUK c/p &Sol
700 Mains TV boosters
back of set £7

£5.95 (UK c/p 65p1
TIM41-6 Masthead95- (2 TVA

(UK

£12.95 85

c/p
0

SG402 100KHZ to 30 MHZ DON'T F
6 band Trio RF Generalo int/est

oRGE
mod.variable TO CLAIM r

o/p to 100mV. AM int 400 HZ mod. YOUR..
List price £71.00 inc. VAT FREE

Our Price. Inc. VAT BA c/p £21

ORDER BY POST OR PHONE OR CALL IN AND SEE FOR YOURSELF
WELL WORTH A VISIT! ALL OFFERS LIMITED QUANTITIES E & OE, 40_

wrEStot-Cubegate
Limited

301 EDGWARE ROAD. LONDON W2 1BN. TEL: 01-724 3564

ALSO AT HENRYS RADIO.
404/406 EDGWARE ROAD. LONDON W2

11111[1-rv_
OrEME by etc with Cot °LIE S ACC S5
VISA or TelAnorre your wog. /wow up
to 10 Says ler darner, IEEE", ElErsCIE

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 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. 01-3026184 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-B £8 87
Super -Boost Treble SET -t38 -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 E31.59
SUPER -FLANGE
An excellent Flanger with additional en-
hanced Phasing as well.

SET -153 £22 49
SUPER -FUZZ
Spiky Fuzz with fringing effect. 3 controls,
Fringing, Balance, Output.

SET -135 £12 99
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 beat marker. SET -t43 £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 &

centre freq. control. SET -142 £9 69

SUPER -STORM
Great automatic & manual Wind, Rain &
Sea generator for fabulous storm effects.
7 controls. SET -154 £16-72

SUPER -TONE
Tone control for Bass & Treb cut, gain, &
range. SET -139 £1362

SUPERTREM
A powerful tremolo with depth and rate
control. SET -136 £10-71

SUPER -VIBE
Vibrato with extra Phasing & Reverb con-
trols, plus rate & depth. An amazing unit!

SET -137 £23.99

SUPER-WAH
Wah-wah with auto & manual controls.

SET -140 £17.31

VERY POPULAR - STILL AVAILABLE
GUITAR EFFECTS: 8 mode filter & envelope shaper for most instruments SET 42
GUITAR FREQUENCY DOUBLER: Orig. & doubled signals can be mixed SET 98
GUITAR OVERDRIVE: Sophisticated Fuzz with filter & shape controls SET 56
GUITAR SUSTAIN: Retains natural attack whilst extending note durationSET 75
PHASER: 6 -stage automatic unit with variable speed control SET 88

L1592
£11 75
£21 17
£11 77
E21 08

Lots of other still popular kits of various types big + small are ion our catalogue

PHONOSON ICS
DEPT. EE31. 22 HIGH STREET SIOCUP KENT DA14 6E H

FOUNDED 1972. A DECADE OF DESIGN AND DELIVERY

PLEASE MENTION

EVERYDAY
ELECTRONICS
WHEN REPLYING TO

ADVERTISEMENTS

WHY USE STRIPBOARD?
Make your own PCB. It's
easy:
"GET YOU STARTED" KIT
12V Mini Drill (takes W.
1mm Bit.
25 sq. ins. Copper Clad.
PCB Etchant for Itr.
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 f830.

SIMPLE PCB DRILL
12V Motor with chuck attached
with 3 collets 0.8 to 2-Omm. £450.

PCB ETCHANT
Double strength to make ttr.

solution. flep.

Prices are inclusive but add 60p
P & P to each order.

Cheques & P.O.'s payable to
POPS Components. Callers
welcome to our new shop
extension. Five times the size.

POPS COMPONENTS 38
Cro/44300Lnowcw0A6ddiscombe Rd,

TeL 01-688 2950

Published approximately the third Friday of each month by IPC Magazines Ltd., Kings Reach Tower, Stamford St., London SEI 9LS. Printed in England by Chapel River Press, Andover, Hants. Sole

Agents for Australia and New Zealand -Gordon and Gotch (A/Sia) Ltd. South Africa
-Central News Agency Ltd. Subscriptions: Inland f 12.00, Overseas £13.00 per annum payable to IPC Services,

Oakfield House. Pettymount Road, Haywards Heath, Sussex. Everyday Electronics is sold subject to the following conditions namely that it shall not, without the written consent of the Publishers first

given, be lent, resold, hired out or otherwise disposed olby way of Trade at more
than the recommended selling 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 cover by way of Trade, or affixed to or as pan of any publication or advertising, literary or pictorial matter whatsoever.
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A SOUND CHOICE srockndpr

* 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 microphones.
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 scrLaned leads, all
terminated with phono plugs 1phono sockets
provided). Dimensions: Top panel 51/2in x
111/4in. Clearance required under top panel
21/4in. Supplied complete with circuit dia-
gram and connecting diagram. Attractive
black and silver finish. Price £26.70 + £2.50 postage and packing.
Supplementary parts for 18V D.C. power
supply (transformer, bridge rectifier and

6 piano type keys smoothing capacitor) £3.
NEW RANGE OUAUTY 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 Bohm
59 oz. magnet, 2" aluminium voice coil.
Resonant Frequency 20Hz. Frequency
Response to 2.5KHz. Sensitivity 97dB.
Price E32 each. £3.00 Packing and Car-
riage each.

12" 100 watt R.M.S. Impedance 8 ohm, 50 oz. magnet. 2 aluminium voice coil.
Resonant Frequency 25Hz. Frequency Response to 4KHz. Sensitivity 95dB. Price
£23.70 each. £3.00 Packing and Carriage each.

8" 50 watt R.M.S. Impedance 8 ohm. 20 oz magnet. 1k" aluminium
voice coil, Resonant Fcequency 40Hz, Frequency Response to 6KHz,
Sensitivity 92dB. Also available with black cone fitted with black metal
protective grill. Price: White cone £8.90 each. Black cone/grill
£9  50 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.

TYPE 'E'

BZ VISA

TYPE 'A' (KSN1036A) 3" round with protec-
tive wire mesh, ideal for bookshelf and medium
sized Hi-Fi speakers. Price £3.45 each.
TYPE 'B' (KSN1005A) 34" super horn. For
general purpose speakers, disco and P.A.
systems, etc. Price £4.35 each.
TYPE 'C'(KSN6016A) 2" x 5" wide dispersion
horn. For HI-Fi systems and quality discos,
etc. Price ES -45 each.
TYPE 'D' (KSN1025A) 2" x 6" wide dispersion
horn. Upper frequency response retained
extending down to mid range (2,000 cis).
Suitable for Hi-Fi systems and quality discos:
Price USN each.
TYPE 'E' (KSN1038A) 34" 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 L1111 -7S each.

U.K. post free (or SAE for Piezo leaflets).

TYPE 'F'

1 K -WATT SLIDE DIMMER
* Controls loads up to 1KW.
* Compact Size 41" x 1-h" x 2k".
* 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 P&P. (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. Maids On/Off switch.

Smart black finish. Size: 535 x 110 x 60mm. Power requirements: 240V A.C.
Price: L39 99 + L2'25 P & P.
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MULLARD SPEAKER KITS

12".80 wptt 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 Bohm.
Attractive blue cone with aluminium
centre dome.
Price E17.99 ea + £3.00 P & P.

O.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 £22. 59 £2,50 P & P.

114) POWER AMPLIFIER MODULES

1911 WATT R.M.S. AND We 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 up Vu meter is avail-
able as an 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:
SOOmV at 10K (OMP 100) 1V at 10K (OMP 300)
T.H.D.: Less then 01%
Supply: 240V 50Hz
Sizes: OMP 100 380 x 115 x 72mm

OMP 300 460 x 153 x 66mm
Prices: OMP 100 631 541 each + £2.00 PAP

OMP 300 SOW each + £3.00 P&P
Vu Meter ROW each + Sep P&P.

Purposefully designed 40 watt R.M.S. and
30 watt R.M.S. 6 ohm speaker systems
recently developed by MULLARD'S
specialist team in Belgium. Kits comprise
Mullard woofer (8" or 5") with foam surround
and aluminium voice Coil. Mullard 3" high
power domed tweeter. B.K.E. built and tested
crossover based on Mullard 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 x 216 x 445mm
Price £14.90 each + £2.00 PAP.
5" 30W system -recommended cabinet sire
160 x 175 x 295mm.
Price £13.90 each + £1.50 PAP.
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. LII-00 each + £2.50 PAP.
5" system cabinet kit. £7 00 each + £2.00 PAP.

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.

B.K. ELECTRONICS



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 f1.25 + 25p p&p. If you live outside the
UK send £1.90 or 10 International Reply Coupons.
I enclose £1.50.

Name

Address
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RIGHT UP-
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Send now for an
application form - then buy infJpgRE)
it with MAPCARD. MAPLIN privileged

account holderMAPCARD gives you real
spending power - up to
24 times your monthly
payments, instantly.

56790013

M SMITH

Date Nov

[nit -411)10n
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


