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POWER PACKED by POWERTRAN
Powertran's black boxes are packed with punch. Not only are they superb kits to buy and
build they really do the job! Imaginative and ingenious design goes hand in hand with top
quality materials and outstanding performance capability. With their smart black styling the
kits harmonise visually as well as musically.
Your can built each unit independently for its set task and then gradually increase your array
until you have a complete bank of formidable controllable power.

Complete Kit - £49.90 + VAT

Complete Kit - £49.50 + VAT

ETI VOCODER
a. a' a a a a a

a' -Z a a a'

Complete Kit - £175.00 + VAT

Complete Kit - £64.90 VAT
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MPA 200 is a low price, high power
100W amplifier. Its smart styling, profes-
sional appearance and performance,
make it one of our most popular
designs. With adaptable inputs the mix-
er accepts a variety of sources yet
straightforward construction makes it
ideal for the first-time builder.

CHROMATHEQUE 5000 - a

5 -channel lighting system powerful
enough for professional discos yet con-
trollable for home -effects. Sound to
light, strobe to music level, random or
sequential effects - each channel can
handle up to 500W yet minimal wiring is
needed with our unique single -board
design.

ETI VOCODER - 14 channels, each
with independent level control, for max-
imum versatility and intelligibility; Two
input amplifiers - for speech/excitation
- each with level control and tone con-
trol. The Vocoder is a powerful yet flexi-
ble machine that is interesting to build
and thanks to our easy to follow con-
struction manual, is within the capability
of most enthusiasts.

SP2 200 twice the power with two of the
reliable, durable and economic amps
from the MPA200; fed by separate
power supplies from a common toroidal
transformer. Superb finish and quality
components throughout - up to (even
over!) the standard of high priced
factory -built units.

DJ90 Stereo Mixer - this is a really versatile
new mixer that enables the constructor DJ to
produce a professional performance every
time. There are two stereo inputs for magnetic
cartridges, a stereo auxiliary input and mike in-
put. Other 'plus' features are auto -panning for
fast or slow, slider controls, multi -mixing,
ducking, interrupt, input modulation, in short
everything... the whole works - AND -
under £100 complete! (We have illustrated the
DJ90 teamed in our own console with the
Chromatheque and an SP2 200 and speakers.

Complete Kit - £97.50 + VAT

Digital Delay Line - our latest kit! With its ability to
give delay times from 1.6 mSecs to up to 1.6 secs.
Many powerful effects including phasing, flanging,
A.D.T., chorus, echo Et vibrato are obtained. The
basic kit is extended in 400 mS steps -up to 1.6 secs.
Simply by adding more parts to the PCB. Compare
with units costing over £1,000! Complete kit (400 mS
delay) £135. Parts for extra 400 mS delay £9.50p.

. . . Quite simply the best way to make music
WORLD LEADERS IN ELECTRONIC KITS

 Money Back Guarantee - If you are not completely satisfied with your
Powertran Kit return it in original condition within 10 days for full refund.
 Free Soldering Practice Kit - To assist the beginner we will supply, on
request with your first kit order, a free soldering practice kit with useful tips and
illustrations.
 Component Packs - Most kits are available as separate packs le.g. PCB
component sets, hardware sets etcl. Prices in our FREE catalogue.

 Ordering - Full ordering details, delivery service, and sales counter
(Wrung - inside front cover of this issue.

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3NM. 10264) 64455.
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WATFORD ELECTRONICS
33735 CARDIFF ROAD, WATFORD, HERTS, ENGLAND

MAIL ORDER, CALLERS WELCOME
rel. Watford 10923140588. Telex: 8956095

ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORD S ES -
PATCHED BY RETURN OF POST. TERMS OF BUSINESS: cASWCHEQUE
P.Os CAI BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL INSTI.
TUT1ONS" OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY WELCOME.
P&P ADD 50p TO ALL ORDERS UNDER £10 NETT. OVERSEAS ORDERS POSTAGE AT
COST. AIR:SURFACE_ ACCESS ORDERS WELCOME.

VAT:26...°'.d.7"1..".A.741.7r1":4`14%:.tathelotaaolacl:s1jt lancialluatilnigatan pailwavnan. an

We stock thousands mom Norm. It pays to welt sn. We me situated behind Warlord Football Grourvi.
Neatest UnderatoundlIR Station: Warlord High Street
Open Monday to Susutdaym.053.n.10 gloom 6/89/6 free Car Parking apace trallablo.
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0C311,11
0:A2:44
C1C45,70
0:71172
007435
0076/77
0(01 752

005 65
005 3184

0C171471
0C180
11929
TIP19A
119796
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119214
119310
119310
11P325
11P37C
10133A
11933C
19344
10.340
11935.4
/1P3SC
110364
11036C
719414
7194141
11P474
119429
119170
11917107
119110/7
119147
1192366
1183056
71543
issnes
115415
1155944
T1S90.41
LIC731
VK1010
VNI 06M

32
30
30
ss
se
se
SO
60
60
52

179
130
120
120
40
40
SO
60
40
40

110
56
05
31
36
50
SO
sy
18
50
56
45
40
S0
4$
0/
68
70
74
se

ISO
150
170
159

S14

70
90
99

1211
120

40
60
32
40
45
50
30
85
50
45

VOMEAF 78
VN66AF 85
1151811A5 91
ZO1107/8 11
11)1109 12
213012 22
21230) 13
21%301 16
ITX332 15
21X3CT1 26
ZOOM 17
211014 25
ZTX324 30
ZTX111 30
ZTX920 14
ZTX501/2 15
ZT%503 10
211(501 25
21X535 25
21%550 25
21'4697 23
1126013 40
20699 48
2127064 19
214706 19
WM 35
3041131(2 34
301302 45
2141303 SO
710130//5 60
284111617 111

2941300
201613 30
701670 ISO
7$218718 160
71021517 295
702217 45
21227184
202210.5
7947230*
2022214
2022224
202297
2N2303
2122308
31.273691.
3042476
3074014
201492

45
28
26

2626

so
so
25
IS
50
31
so

2112046 45
202764 55
20213044 25
2122906.7 26
7122907A 26
21429200 10
2013011 25
203020 46
203053 28
203054 511
2143055 01
203108 40

2181034620074103 85 74273
/111340157574104 54 74276

74105 55 16770
74107 32 74779
74109 35 74283
74116 40 74204
74177 S5 74205
7411? 170 Assn
74116 141 7475)
74118 *0 14707
74119 90 742%
74120 TS 74351
74121 30 74366
71122 45 74356

TTL 74
74611 It
7401 11
1402 11
7403
7404 '14
7405 tlit
74011 25
7407 ZS

1109
7408 10;ti
7410 14
7411 24
7412 20
7413 34
7414 32
7415 25
7417 25
7420 15
7471 20
7422 20
7473 22
/420 20
7426 30
7477 27
7435 21
7430 16
7432 26
7433 27
7437 27
7438 27
7443 17
7441 68
7447 38
7443 90
7444 90
7445 46
7446 55
7447 50
7448 50
7450 18
1451 18
1453 16
)454 16
7400 16
1470 35
747? 30
7473 30
7474 25
7475. 40
7476 30
7403 48
7401 120
740? 70
7403 00
7404 n
7405 05
/405 39
/409 20$
142 3$
7491 46
7092 30
1493 30
/4136 34
7495 50
1495 15
:441 120

74123 60 /4341
71125 42 MOM
741/0 40 74393
74138 43 74393
71132 48 74492
74136 35
74141 70
74143 190
74143 250
74111 25D
74140 70
74147 99
74118 75
74150 60
74151 45
771175,43 *76

74155 78 74S
74155 35 74$03

74159 99 5132

74161 do 5158
74162 62 5189

7777777724444444:1111716969977:654037:0 141141. S2SS$iS5S2252°1114959:11

77:11777:1:77:7754 77 s3052031

5471
5472

777444717281 14057.76 551751

74184 99
74155 99
74188 290
74111) 70
74191 70
)4192 70
74193 65
74194 75
74195 48
74196 68
71197 og
741.90 99
74199 00
74221 840

74240 150
mast 150
74245 ISO
74249 ISO
7475, M
71259 106
74255 45

203252 48
203302 30
2123111/2 140
203663 16
2143702/3 10
2043704/5 10
204119617 10
21437051 10

203710111 10
203713 140
2123771 179
2713772 195
2123773 270
2M3519 22
21400 411

21.43102,3 111
25.13574 es
2143636 to
2543919 150
75139:0/4 is
7443905 is
2443906 17
2940037 46
2944041 40
2151g68 10
2N0361/7 10
2744064 118
2512213 79
27442114 as
204264 24
20420E IS
204289 II
201314 61
2144400 18
204427 50
204169 78
20471 go
705096 116
210490' 170
704321 SS
2124927 46
2N5102 140

2SC1307 220
2501419 BS
2501678 140
2501973 50
2SC1945 225
25C1953 90
2501957 90
3$C1909 198
2s,C2629 B5
20C202-3 ISO
25020.78 155
24C2091 85
2SC2314 85
35C2155 165
2501679 190
200734 74
251(45 90
314'26 111
314140 112
43311 60
47313 130
43315 60
43314 95
40317127 60
40323 60
43324 100
4332517 TO

4034801347 120
/ONO 40
40)6'12 so
NUM 70
43111 zp,
6041174 130
43468 85
40594 106
40603 110
63536 175
10673 95

205135/6 30
205136 15
2115172 18
2115179 45
2199150 45 RI
215190/1 75 CHOKES
20539518 24 Minimum
2N5457/8 36 PCB type
7241450...5469 3918 4,'.,17 2112:

2244558774 no46 42t 13:6700,,

04 M0.,1
3716353 ISO 470,

250465 70 4487,
2S C456 70 'Dnli Mp
I5C1090 85 2.2m 33m,
160173 125 13r0 (01p
2SC1306 I50

1

100m ?Sp

7195 113,77 15 15197 85

tS30
20 L5200 345
15 L5202 345

Lts33ST2 1165 115947; 9660

4:1 53:37 171! 1.1. :224421 36

(5411427

04 LS247 40

3S
181:

75411 6y

3,59

L8250

55
55

99 LS73 IS L1552592" 85"

1.1.555491

tS54
1555

° 1.5246

N 11.552;5:

LS25I 40

17° 1515

1S70 24 LS273 90

15813 34 L5 87 250

21

11126 1:
15275 290

1505 L57 9 69
1583 SO

L576

1510 32 15253 45
LO91 SO 15293 57
LS92 36 10223 45
LS93 36 (5715 215

130
1.119596 14305 (155211 420
15507 43 15300 175
15109 30 15302 175
1.51'7 30 L5320 270
LS'.3 15323 270
LS111 35 L5324 200
14727 44 10325 320
L5123 SS 15325 330
/5124 10$ 1.3327 315
1.5125 30 ((367 150
1.5126 33 1S368 190
15137 45 15352 155
L012) 35 L$353 185
(`5133 28 15365 37
t51M 35 L5365 37
15139 n L5367 37
1S145 75 (5366 90
L5147 190 10,373

11:5S441: 301. L5375(9374

LLL,3,5377779,7

1.6157 35 LS383 70

ing 3$ til:t
II:

16161 11 15355 28
15167 41 15393
15.16,1 41 15393

(1.5116584 141 L1535399:

1.5166 OS 15398

1117070 170

15171 72 L0490

170 L5445

15101a5175 1"30 LL1S55544542;

15123 275 154242
15190 01 15641

11.5119291 91 L9545566
15193 46
1,194 40
/5192 40
.4.57: 58

161)

90

1911
199
105
125
235
10)

74L400
7
74130
74147
74175
741.85
7411121
741.123

41
SO

380
145
349
165
323

115
66

13$
240
240
210
156
380
795
32D
5I0
940
300
326
210
190
00

32S
620

1160
525
RIO

74LS
1.0110
ISO'
1.502
L SO3
LS134
1505
1604
1.500
1509
1510
1.551
L512
15'3
1.5!4
L515
1520
1121
1572
LS:f,

12

1:

1:

1:
15
IS

ti
15

!:15

es
es

75
75
48
80

62
60

199
190
275
220
140
195
620
245
135
520
225
225
210
17$ CaMblidtL5669 ISO

LS570 175 191(590!
15673 530 19190151ei

yso

C

MN

s^rea

0
III...Iv-

Po

Car
£10.
0.4,9
1414404
Book
docum.
00...ra
&pelt 3
bobtail 
Book 4
exarno

Urn
Elei
Writtl
erithui
With I
quosti
step.(
systee
memo
enthm
an url
and 01
comp'.

DES
look 1
Sy1041144

look 2
114(412441

C.11.1044C41

Book 3
and ELI.
Book 4
2onnscn
book 5
systems.
Book 5C
modes. .
1414,"04C
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(011(14 o
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SWITCHES
T&10LE 2A
SPOT 33p
DPOT 440

SUB.MIN TOGGLE
SPOT mad! 549
SPOT Vona 60p
SPOT centre on Tap
SPOT baited both
ways 105p
DPOT 6 lags 75p
OPOT cent to oil 88p
OPOT baud both

148pwT
3 post.ons

on/on/on 1869
3.pole 2 way 2019

WOE Mg:
DPDT IA lap
DPDT IA doff lip
DPOT 1.2A 130

PUSHBUTTON 64
with 10911, Buteon
SPOT leitching 99p
0901 latching 1459
SPOT moment 99p
DPDT moment 145p

Mini Nan Loceing
Push to Mate 110
Push to Break 25p

011. SWITCHES
.0P5114 ...my 700, 6 way 85p,
8 way Ng; 10 way 145p.
;SPOTI 4 way 190p.

ROTARYS WITCHES:
(Adjustable Slop typal
1 pole/2 to 12 way: Zof 2 tO5 way
3 pole1210 4 way; 4p/210 3 way 480

ROTARY: Mains OP 25034 Amp
cafolf Sip

ROTARY: (Mak.a.swtcht
Make a mailman wee& Shifting es.
sembly has equitable Moo Accom
modeles up to G wafers
TIM G Ptlet 12 vow  co.,,wechi

Mechanism only 90p

WAFERS: Imakibe-dors break) to In
the 0501.. switch mechanism

Po1012 war; 2 ode/Sway; 3 pale/4
way; 4 polef3 way: 6072 Yam Sip
Mains OP 4A Swath lora 45p
Spumes 40 Screen Op

Amgen. sa.sistea SPST hp
ROCKER- 104/2504 SPDT 31p
ROCKER: 10/11760V DPOTtfoll 95p
ROCKER- 10A/250V DPST ywth neon

115p

VIROSOARO 0141
clad plain

212  318 73p 52p
37  5 83
3N  314 13pp
334  5 93p 79p
334  17 7.26p 2119
434  17 4.18p
PSI of 103 pas 509
Spot face rune, 71 Bp
Pin !newton tool 152p

PO Boma
PP (bead
Vero Slop

1509
33179
144p

PROTO DECs
Vaiobloce 370p
SON 3549
Eurateeedbouil 523P
Sireboard I 795p
Swami*. SS2 11500

VERO WIRING
PEN  sienl 310p
Spare Spool 75p

eP
MUM CHLORIDE

' h 11*;
195p  50p P&P

CIALO ITCH
ASSIST PIN

Spare tip 90p

ULTRASONIC
TRANSDUCER
41.0, seg.,

COPPER CLAD BOARDS
F hit s.ppie D0c040 S.II ti
Wats sded 9 5
6  6 90P 110P
E 12 1500 19Sp

96p

DIL
PLUGS
!4pin 44p
IGpin
24pIn 919
40pIn 2169

Ribbon
Cable ft
10 way 20p
70 way 940

JUMPER LEADS (Ribbon Cabs, Aseirrtly
SNP. endtn1 DIP Jumpers 24 nth.. 14 pin

1921: 16 Pn 225P: N P. 3250; 4301I 4919
Dom/. road OIP Ji.erpces

Lsreph 14 pn Inns 24an
Bet 185p 206p 300p 4650

12in 116p 2159 315p 490p
244' 215p 2959 350p 540p
859 230p 250p 3759 5969

DK SOCKETS
(TEXAS' Low Wire

Prot Wrap
Spin OP 259

14pin 10p 309
16041 lOp 420
110i0 16p 529
20019 22P SOP
22919 259 709
24pin 251/ TOP
211prei nlo 90P
36o. 1099
isapin 30p 1911

1001
CONNECTOR['
Oesklii hpen

200 way - 120p
NIS war 135p
2.16 wen 140p 145p
242 win 1800 165p
245 ma 180f:1175p
230 an 199p
2.35 nor 236p
2.611 esey 2110p
2.43 2$49 -

AMPIENOL
PLUGS

16615219
Conker:. palmist 657p

D CONNECTORS !Cannon type)
pins Phlus Sockets Coverts
Sway 95p 1219 I459

*way 13Sp 198p 150P
25vari 1719 7149 130p
37way 290p 311P I15P

Soldeicon
Pins

I OD oris
70p

see poi
3259

PLUGS & SOCKETS
In -

JACK Plug socket line
25mm 1prasticl Op 100

Metal 139 Sp 150
7 ifimm Iptastin 10p 15p 12p

Metal 16p 10p lOp
1149 Mono
Kahn ISp 200 15p
5,eznIa;ie,.. 360 14p 30p

Plastic 22p 249 22p
MDIAetal1 749 200 39p

7 in 19 Sp 14
3 pin 139 100 15pp
4 pin 1119 12p 15p
5 Pin 13p 12p 15p

BANANA
1mm 19 9P
2mm 13p 130
Ulm 'winder' 1Ip 110
4mm 13p tap

COAXIAL ITV>
PUsiic 10p 16p Op
Metal 19p 20p 40p

UHF Corr/Mom OUP -CBI
plug 91.259 40p: Reduce,
Socket 50239 Round Chassis
Social 50239 Square Panel

a7

BULOIN OCTAL 250143A/9n
Plug P551 199p: Socket Up

EC 3 pie 250V.SA
Plug, chassis mounting
SiXiat. Noe harping
Socket, well 2 metre lead

40p
959

1 Sr.V.

PANEL
METERS
RID
00446035rims
03/3.6
DHICSA
8500A
O. I in*
175mA
0.10irA
050mA
0.10094!
0300 rnA
0-1A
0-7A
0-25V
0 50-V AC
0-X0V AC

 VU"
4959 sea

2150 INSERTION FORCE
OIL SOCKETS 24 nin 460p
211nur 8209. 40 nu/ 1750

TRANSFORMERS: Pnm. 240V
15136V: 941-13V; 120-12V 1170mA 98p
ocb mounting. Minimum. Split Bobbin

201V.025A; 2sr9V.0.1SA: 73021/.0.12n:
2s151/.01A 200p
WA: 24560.5A; 2.95,0.3A; 2.1250.0.264,
2115V.02A 270p
Standard Spin Bobbin type:

INA: 41.25A2s511.0.54:
2)89.1.0.44: 2s12%,0 14,

2e151 1.260
12VA: 2'14.58.1.3A: 2561614: 2r93.0
212V.0.54; 2E15V0.44: 2.20114 3A

275p 1359 nap!
24VA: 2x51/.13A: 2401-1 2A; 2.171-1A;
2x15V.0.14; 28201/.0.6A 32901609 PAM
SOVA: 2061/4A; 2x9V-2.6k 2.121 2A: 2.151.
1.5A; 2420V.1.2A; 2x25VIA: 71301.0.1114

400p (50Cr P&P)
IOWA: 28121/4A; 2x151/ -3A; 242012.5A:
2/42510,2A: 24801/.1.5A; 2115011-1A 92Op (750
ts6p charge to be added o -,v and above our
normal postal chuge)

VOLTAGE REGULATORS

to
5V

12V
15V
18V

 sa
T03 metal case
7905 14119
7812 148p
7815 141p
7816 lelp

IA 10220 Wane Casing
SV 7905 46p

12V 7812 110p
153 7815 SOp
pre Tee SOp
2417 7124 Sep

gone 1002 Plana Cessg
5V 78105 30p 75LOS NU
GV 78162 30p
e Y 781.82 300

121 78412 309
101 78/.15 309

-ye
790125 220p
79 220p

7905
7912
7915
7918

55p
Sro

55p

791.12 137;
791.15 1100

EA3C65 9Sp
LM304H 170p
11.430569 99p
1.1.431)(91 170p
LWOW 1409
151309K 135p'
LM3171( 350p
LM317H 210p
LNLIYJK 550p
124325N 2400
MUNN 240p
1.61327

773 27 30pSp

TAA550 SOp
18A6258 7150
/DA1412 1SOp
TIROS  SV/54

Step
PRIG  bV to 21504
5.4 11110p
79HG-2.251/ to
2416.0 1009

21nuay 13' CONNECTOR
Jumper Lead Cable Assembly
IS" long, Sorties. End. Male 6649
19' loop. &op% End. Female 6709
36' long, Double Ended, M.. &A 13280
36' king. Doti. Ended, F/ F 13169

39' bong, Double Ended, F I2759

AMIE SOLDERING IRON
C45W 4200 CX1714:43Dp.
CCM ISW 44"Oto CX20Wiliatm.
Spats Ups. 1110,144 saes 60p
Spare Elements 210p
lm. mind *411 sponge 100p

SOLDER IMulticore)
16506
Sire 5 Cmpensei
Site 12 Reel
22SWG
PC115Diapenear
Sire 109401

T5p
3609

1009
360p

CRYSTALS
100KIM
MOM,
469CH,
IMmr
1 0011114
1 UMW
16M/4.
I.69110
1,6432M
2051141
2.4676M
3.27V41
3.5754M
3.8101M

4.03212.41:
4.9:901H,
4.155000
4.4331510M
5,0 H
5. UAW -9
15.242919.1 310
6.1441419 240
13.653/6411e 200

063a1Mir 200
7.1E0MHz 293
7.00M, 200
80Mils
118872351
11100mIlr

10.7.
12.0MH1
14.31E114kt
tedrNix
UtORRie
MAME
Te.eoRAIN
24 Ceililz
2546M
77.6071
27.14501
30,1666754
484Mhe
103 OMeli
1130M16

270
216
370
295
290
392
395
790
220
240
220
220

300
150

200
290
2330
200
120
200
300

200
240
200
200
200
220
no
320
250
240
240
325
200
210
320
240
210
270
375
300

RELAYS 411411

REED, Ercepsulated, Single Pole.
SW Noimilly Open, 2110mA. 50V
DC
R L12 700116V lo 9V 1200
RL13 IKII !V lo 12V 1209
4114 11011121?00 18V 120p
Fl LIS 31(0 IBVto3OV 135p
Sbale Pole, Change Ove
ALSO 1911111010V
4L17 IKII 9V to I2V
Double Pole, Normally Open
Hill 3501191 lo I ?V 200p

295p
295p

Miniature. enclosed. PC6 mount
Our RIO sores

P C
413910 17011 0 011. 7115 to 1214 DC.
180Vn5A AC: 1300 VA.50Vi 210p
DP CD
030 col. 41271 DC; 2001 AC: fiA:
1100VA1150W 216p
816.111 17011 coil, 814141: 2301? AC
SA 22
41.6.114 74011 PM, 171/3291 25010p
5A AC 222p

CONTINENTAL Ciache Type Relays
Minimum Plug relays. 110V DC:
1 2 V AC A?DC, 2.5A AC
3016/100VA.

Pols ciao 10511, 6V.IEN. R1201
1110p

7 We clover 131/ to 353: 70011.
51207 110p
4 pole GrOstr 90/ 10 NW: 19511
111.211 220p
High Power "Hoary Duly" PCB
Mounting. Cradle type.
S P C.D. Power Gan 1:8000 3801
ACI164.: 3.56 VA 9 to 19V: 19011

nso
11120 TRANSDUCERS

Two PEI 2723 759

BUZZERS. minialuto. soldVeht
tAI. 916 171 11p

LOUDSPEAKERS
Mosinee 0.3W. Mk
2n. 31 n, 2 Rio, 31n
7 '3. 4011.64110,6011

1110p

80p

GAS 6 SMOKE DETECTORS
FP the detection of combustible and
Tow Gases Ike Propane. Baum.
Mahone. Ainacoa. Caton Altenseki,
&alphas end Organic whir*. v4po.rs
Ike Alcohol, Oonesne. .14. Mesa Ire
use in &sem Ceases etc.
Type: TOS912 6813 fir*
Social Int AO. 40p
ASTEC UHF MOOLAATORS
SlirdaM 'Wise 2100
Wortund1131111 USD

SPEAKING CLOCK
Cninpleie Oil 01 paps aveiletile *or
this dal. Only E37.50

CMOS
4000
4401
4CO2
<COE
4007
440
&CO
0310
0311
4012
4013
4014
4815
4016
4017
4018

40402019

41:Q1

4022
4023
4024
4025
4026
40240207

4029
4030
4031
4032
4033
4034
4335
4336
4337
4055
4033
4040
4041

4240
4043
4044
4045
4040
4047
4048
4049
4050
4051
4752
4053
4054
4060
4058
4057
4069
ONO
11061

4362
4363
4066
40E7
4068
4069
4070
4071
4072

Ia

Ile

14
85
18
62
35
40
15
IS
34
75
66
32
41
6$
42
61
70
66
20
45
19

530
20
58
77
50

170
125
195
195

vs
270
114.
110
290

59
71
60
70
es

170
75
75
55
30
30
78
78
78

125
125
120

1915
480

10
1225

915
99
36

3111
22
20
20
20
20

4073
4070
402e
4077
4078
4:151
4392
4085
4096
4089
4093
4004
oas
4995
4092
4098
4099
410e
4161
4162
416)
4174
4175
4192
4194
44013
4409
44..0
.4411
4412
4415
4419
3422
4128
4433
4435
4440
4400
4451
4490
450
40001
4502
4503
4504
4506
4502
age
4510
4511
4512
4513
4514

14615
4516
4517
4516
4519
4520
4521
4522
4526
4527
4528
4529
4530
4531

20
20

29
24
21
es
70

140
49

tee
90
90

320

95
9S
99
91
Ol
es

106
00

195
Teo
720
725
695
600
480
280
770
00

770
850
599
360
350
350
675

21
so
50

105
86
40

266

199
195
196
75

415
42
29
71

200
125

96
115

SO
150
so

130

4632 110
4634 500
4596 296
4538 115
4539 116
4541 140
4543 136
4144 110
4549 PPS
4553 291
4554 190
4655 50
4650 55
4557 320
4558 120
4559 395
459) 160
4561 104
4562 495
4556 175
4569 250
4563 175
4572 36
4590 460
4581 250
4582 99
4583 99
45434 48
4680 99
4591 330
4590 290
4599 595
40307 138

40033 193
40100 215
40131 110
631)7 197
40133 175
03134 95
40175 115
40106 75
40107 GO

40108 450
40109 100
40110 300
40114 240
40161 194

40193 90
03174 65
40175 00
40101 220
/0182 go
40192 90
91193 99
415194 90
40257 196

OPTO
L5420C 256
DEP71 120
011912 SS
05961 1115

2N5TTT

OPTO ELEC-
TRONICS
LEDs with
T1L209 Red 13
T1L211 Grn. 17
11U12 Yet IS
11L220.2" Red 14
.2" Green. Yellow

Amber 10
0 2" Oi colow
Red/Green 059
Gwen/Yana trip
02' Tri oPour
RectiGreen/YMon059
Square LEDs, Rea
GRIM, Yenaw 30
Pwigular LEDs
Fled 16
Greco nyenow 22

10771 Infra Red 46
5E11203 Detector 91
nt.72 Pere Red 51
711.71 Detector 60
51139 45
111.100 SO

BARORAFM Red 10
for moms 225

ISOLATORS
11.74 55
N.111,24 90
4,453 Pluito
Dee.in;trin 115

7 Segment Displays
111307 675
111312.3" CA 106
111313.3" CC 105
11L321 .5" CA 115
711322 .5" CC 115
01.704,3" CC IN
01707 .3" CA 10
05747 .5"CA 110
II" Orange CA 250
(N0337 Red 120
neD500 115

'Green CA 150
6- Green CA 215
.3-±1RedCA 150
.3"±1 Green CA 150
OVM1,711 1885
LCD 317 Oig-ts 875
LCD 4 Dig Is 750
LC0130.94. 850
NEON with resistot,
push fit. 250V
rnsirn Round.
Red or Amber 36;...
till Rad, Ammo,

309
711139 170p
Pleflectise Octal
&Wish 796p

COMPUTER CORNER
EPSON MX50 T 10" Tractor Feed, 9 . 9 matrix, 60 cokimn, Speed
80 CPS, Bidirectional, Centronics interface, Baud rata 110.9833

RS2321 E355
 EPSON MX8OFT Hog Friction feed 8 Tractor feed plus aN the

94X83'0 facilities E395
 EPSON MXBOFT2 Has high resclution Graphics option plus all the

MX:Mfrs facilities (435
EISSION

T2.
MX100Val 132 Column Printer plus hos all the facifitieisA

XMFue for money
 SOFTY -2 As reviewed In PE Sept. '81 by Dr A. A. Berk Tile

complete mIcrcprocessor development system roe Engineers and
beginners alike. New powerful inottuclions. Accepts any 24 pin
5V snots rail EPROM. Supplied fully built, tested. Enclosed if a
black ABS case. Plug -if powersupper toceN503 E159

 VIDEO MONITOR 9", fully cased ft guaranteed. B Er W. Excellent
value for money 1159

 TEX EPROM ERASER Erases up to 32 ICs in 1530minutes E33
 SPARE 'UV' Lamp buth E9
 SVISA Power Supply Reedy -built Et tested 1:25

 ABS CASE Anractive, Beige/ Brown for Superboard, UK101
NASCOM, or HOme brew 426

 Extra 4K RAM (B x 2114L -300r) 795p
 C12 CASSETTES In library cases 40p
 STAK-PAK 10x C12 Cassettes In stackeble drawers 5509
 WEMON Watford's own 4K Ultimate Monitor IC specially designed

to produce the beet from your Superboard, UK101 6 Enhanced
Superboard. As reviewed by Or A. A. Berk in Practical Electronics
June 1981 1993p

(p&p on most of th above horns Is oxtail

Call in at our shop for demonstration on any of the
above items. Be satisfied before you buy.

ETI/WATFORD'S MICRO EXPANSION
SYSTEM

Designed ta Waked Elecoun mi. II ,w psi in mi. venv le I nil n n -r c41
EXP.11114311 SVUOM as psNeitind in E.T.I . etainq Iran Eimernha 1411 itvin
a low cote 1Iastbla atwitter, roam kr: 7981. UK101. SUPERBOARD. Acorn
ATOM, PET. TANGERINE, enc.
The Motherboard IYrlMaeaa 4+12112.4 Comp./911 has capability In swept up iu few
4Cards and be parelltled1014W11 TWO coed..
All4417;

cm
o6c6 oil Compeer grade and we suponed In Kb Sam.

2.1 I405 pI IN lePansion posstillat
MOTHEABDARD: Anton up to em DiuglueeCands. Full Kit . ... .  .13050
SOUND CARD - 11819-9 up to dvins AY -3-0310 sound chpe. IOM wooled with
601. FIJI Kit t24116
PIO Cod - Using two 6520 PIA chips, 64de Board offers centrotice pasha Omer
dorm, cidtal to analogue committer Et a teacloths,maul facitles Fu1 Ka: ET$95
PROM Programme) - The ample but euremely pada mid pen Mow 2716 Of 2732
single eel EPROMS. Fo.41Kir 01935
PROM Crud - P.C.B. cords for lousing four 2716 or two 2732 EPRONS.
For 4 si Z716 Full Kit E396 -
For 2 n 2732 iuo Kit: /176
RAM Card - BK RAM Lod. Aconite 16 x 2114 ceps. Suppkid fully popuinsd-
Fu1 Kll' 121110
0.5 PCBs may be bought separabily)

WATFORD'S BOOKSHOP CORNER

Texas TTL Data Book (Revised Edition. I

TTL Cook.Book
European CMOS DataBcok (Compreherisivel
CMOS Cook -Book

6110p
550p
75017
850p

Illuetrating BASIC 440p

A Bit of BASIC 5.40p

Advanced BASIC 840i.

BASIC Computer Games 590p

More BASIC Computer Games 590p
Some Common BASIC Programs 1150p
Practical BASICAL Programs 12509
6502 Software Design 9109
6502 Application Book 1020p
Programming the 6502 (C202) 110p

Programming Es Interfacing the 6502 1120p
6502 Assembly Language Programmitg 1300p

6809 Aeuombly Language Programming 1250P
zPractical Intro to PASCAL 550p
USng CP111/1: A self teaching guide 9501,
ZOO Microcomputer Handbook 640p
13093/280 Assembly Lang, Techniques 925p
Noryanwning the 280 IC280) 1260p

7.813 Assembly Language Programming 1300P

Intro to TR S-80 Graphics 840p
TRSPO BASIC -A sett teaching guide 8409
PET Et the IEEE 489 Bus (GPIBI 1200p
PET Graphics 1200p
PETICBM Personal Computer Guide 1200p
PET Revealed 10009
Library°, PET Subroutines 1000p
Apple II Users' Guido 1200p
Programming in PASCAL Irevisedi 800p
CRT Controller Handbook 600p
CPIM Handbook with MP/M 1200p
Microprocessor Interfacing Technique 1300p
S1008 Other Micro Busee 3E 750p
Writing Interactive Compiler 750p
Getting Acquainted with your 2X81 500p
Mastering Machine Code on your 2X81 6001'

ZX81 Companion
vial Pocket Book

800P

32 BASIC Programs for the PET Computer 1350P

Posse odd 55p P&P charge on books

No VAT an books
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Sinclair ZX81 Personal Comp
the heart of a system
that grows with you.
1980 saw a genuine breakthrough -
the Sinclair ZX80, world's first com-
plete personal computer for under
£100. Not surprisingly, over 50,000
were sold.

In March 1981, the Sinclair lead
increased dramatically. For just
£69.95 the Sinclair ZX81 offers even
more advanced facilities at an even
lower price. Initially, even we were
surprised by the demand - over
50,000 in the first 3 months!

Today, the Sinclair ZX81 is the
heart of a computer system. You can
add 16 -times more memory with the
ZX RAM pack. The ZX Printer offers
an unbeatable combination of
performance and price. And the ZX
Software library is growing every day.
Lower price: higher capability
With the ZX81, it's still very simple to
teach yourself computing, but the
ZX81 packs even greater working
capability than the ZX80.

It uses the same micro -processor,
but incorporates a new, more power-
ful 8K BASIC ROM - the 'trained
intelligence' of the computer. This
chip works in decimals, handles logs
and trig, allows you to plot graphs,
and builds up animated displays.

And the ZX81 incorporates other
operation refinements - the facility
to load and save named programs
on cassette, for example, and to
drive the new ZX Printer.

Every 2X81 comes with a comprehensive. specially, written
manual -a complete course in BASIC programming. from
first principles to complex programs

Kit:
149.95
Higher specification, lower price -
how's it done?
Quite simply, by design. The ZX80
reduced the chips in a working
computer from 40 or so, to 21. The
ZX81 reduces the 21 to 4!

The secret lies in a totally new
master chip. Designed by Sinclair
and custom-built in Britain, this
unique chip replaces 18 chips from
the ZX80'

New, improved specification
 Z80A micro -processor - new
faster version of the famous Z80
chip, widely recognised as the best
ever made.
 Unique 'one -touch' key word
entry: the ZX81 eliminates a great
deal of tiresome typing. Key words
(RUN, LIST, PRINT, etc.) have their
own single -key entry.
 Unique syntax -check and report
codes identify programming errors
immediately.
 Full range of mathematical and
scientific functions accurate to eight
decimal places.
 Graph -drawing and animated -
display facilities.
 Multi -dimensional string and
numerical arrays.
 Up to 26 FOR/NEXT loops.
 Randomise function - useful for
games as well as serious applications.
 Cassette LOAD and SAVE with
named programs.
 1K -byte RAM expandable to 16K
bytes with Sinclair RAM pack.
 Able to drive the new Sinclair
printer.
 Advanced 4 -chip design: micro-
processor, ROM, RAM, plus master
chip - unique, custom-built chip
replacing 18 ZX80 chips.

Built:
169.95
Kit or built -it's up to you!
You'll be surprised how easy the
ZX81 kit is to build: just four chips to
assemble (plus, of course the other
discrete components) -a few hours'
work with a fine -tipped soldering iron.
And you may already have a suitable
mains adaptor - 600 mA at 9 V DC
nominal unregulated (supplied with
built version).

Kit and built versions come com-
plete with all leads to connect to
your TV (colour or black and white)
and cassette recorder.
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)uter-

16K- byte RAM
pack for massive
add-on memory.
Designed as a complete module to
fit your Sinclair ZX80 or ZX81, the
RAM pack simply plugs into the
existing expansion port at the rear
of the computer to multiply your
data/program storage by 16!

Use it for long and complex
programs or as a personal database.
Yet it costs as little as half the price
of competitive additional memory.

With the RAM pack, you can
also run some of the more sophisti-
cated ZX Software - the Business &
Household management systems
for example.

ZX81
6 Kings Parade, Cambridge, Cambs., CB2 1SN.
Tel: (0276) 66104 & 21282.

%
.

1,

i -
."- ..*.

ih. .,*

4e N:TAri".1 To
:on. ,. de

....re
0 kr .I. -- Ze

N.

Available now-
the ZX Printer
for only 149.15
Designed exclusively for use with
the ZX81 (and ZX80 with 8K BASIC
ROM), the printer offers full alpha -
numerics and highly sophisticated
graphics.

A special feature is COPY, which
prints out exactly what is on the
whole TV screen without the need
for further intructions.

At last you can have a hard copy
of your program listings -particularly

useful when writing or editing
programs.

And of course you can print out
your results for permanent records
or sending to a friend.

Printing speed is 50 characters
per second, with 32 characters per
line and 9 lines per vertical inch.

The ZX Printer connects to the rear
of your computer - using a stackable
connector so you can plug in a RAM
pack as well. A roll of paper (65 ft
long x 4 in wide) is supplied, along
with full instructions.

How to order your ZX81
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. We want
you to be satisfied beyond doubt -
and we have no doubt that you will be.

rTo: Sinclair Research Ltd. FREEPOST , Camberley, Surrey, GU15 38R.

Oty Item Code

Orciarl
Item price Total

Sin clalaX81 Personal Computer kills). Price includes
ZX81 BASIC manual, excludes mains adaptor. 12 49.95

C

Ready-assem bled Si nclair ZXB1Personal Computer(s).
Price includes ZXB1 BASIC manual and mains adaptor.

Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated).

16KBYTE RAM pack.

11

10

18

89.95

8.95

49.95

Sinclair ZX Printer.

BK BASIC ROM to fit ZXBO.

Post and Packing.

27
17

0 Please tick if you require a VAT receipt

49.95

19.95
2.95

TOTAL

*I enclose a cheque/postal order payable to Sinclair Research Ltd, for
'Please charge to my Access/Barclaycard/Trustcard account no.

'Please delete( complete es applicable. I I 1 1 I I 1 I

Name: Mr/MrsiMissi 1 I 1 I II
Address'ili Icl I I I I I I I I IIIILIIJIII I 1 I 1.

LFREEPOST -no stamp needed. Otter applies to UK only.

ETI MARCH 1982
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'Rapid
TElectronics

Laral.115
 1mm rod n red

Smun
a

CONNECTORS

DIN Plug Skt
* lerrn grew 12
 )mm yellow 11

green
 5mm yellow

12

12 Jack Pkg
Clips to suit 3p each

2 pm 99 Sp
165n Up 100

2 Salm
1 Smm

Op
*7p

lbw !angular 411.12 4.)
130 111,

Ir'hona lop 120
Wm:60
Stereo

1%
249 red 12 11170 40

green 17 111111 1.0
wIlow 17 DRP12 05 hren 1% 4 top

Sews Segment D6plays
Corn. cat1301

e

UHF ICR) Cowegctors
P4293 Plug 44% Reducer 14001704 1.3' 95 1317070.1: 95 50259 Ser..utp &Limit sockel alb*540500 0.V 46 1741)507 0.5' 90 302195 Round chassis 65 lart 40641111130 r 145 TIL 312 0.3' 105111327 0 S' 115 411321 0 V 11$ IEC .1 pin 2/T'/6A
Plug chassis rranuinntong 300AR sewn seamen displays are

supplied wnh corinettkri %del law hangg 600
Scok11 with 2m load 12191141777 45 Dual Colmar LED 60

CAPACITORS

PulymIer Radial leach YAP/ 29041.
0.01, 0015,002/ 0.011, 646 0047,006110 1.79;
0.15, 0.22,1% 0.33, 0 47, 130; 0.66. 200; lu 23p.

Fliectrolytg Radial cr Axul lads.
0 47/63V, 121.14, 2 2/6W. 4 7/63V. 10/292.7p;
22(291, 47/25V. 00: 100/23V. 9p: 210/214,
4741/270. 11p; 1000/250.30p.

Polyester. Simeon, PCLI.
fn -202, 3n1, 407.460, 117.1, 1Set, 7p; 276.11n, 47n, 600 Sp;
IMM Sp; 1311. 11p; 7206. 13p; 110n, 20p; 470n, 269l
Win, *pa las. 33p; NI, 549.

Tamolum bead.
0 1.1122%013.0 47.1 041; 35V 1243; 2.2,4 7.1042
IS V. 20p; 15,716V 311% )2 /16V. 27% 13/16V. 4556
4776V, 2710 47/11V. 70p; %VW. 40% 1110/WV, 90p.

Cenamii 22641411u SW 3p each.
Pal S% tolerance
100-200P1O-mmers.

M 1300-48 07%.s.
110 6105.41 012 100.Triullard 0 Serm

1-1061 7244. 2.21pr 30p, S.S465pF 31p.

TRANSFORMERS

Manialurr mains
606V, 909V. 120174 all 42 %Om A 100p each

Nigh quality. Spilt bobbin crostruchon
WA 041,0600 5A:0410911' 00 4A

0.12, 0124 00 IA 2205 each.
12VA 0-6.06 .12.. 09. 029V 1.3A,

012, 012 0 0 IA.. 045, 0.
12

154 012.
2750 each IONS 406 rJrriage).

24VA 0-6.06V 01.5A, 0.9, 0.94 11 1 2A.
042, 0-111, 12., P 1S. 0-15V 1111A.
370 each 1046 600 carriage)

SOYA 012,0.124 42 2.9 0-15,0 151/ a I SA

4044490
4100-30, peath (pis carnage!

030V I. .

%Op each (plus 111% carriage!.

11=2LEIMINNI
PEI BaiteiTy clips
Rod or black crocodile clicss
B131 pointer ccwirol knob
Pair Ultrasongs
10720 Misled vane heatsink
ZOrnm penal liewhnkler
In.., terminals (car soloaxs1
TOlfl tranuslor socket
Mman dim spether
i.unna smiaker

Gp
40

15p
35%
lip
2Sp
13p
1Se
706

BOXES

Dimerntons in inches. Aluminium

I 3 x 1 7%
4x3x1V1 15p
4 5 152 1070

6 x 5 2
6 x 4 5 5
8 5 6 5 2

Uri IJ.T.114 'IT 111.11.
Allac trans1.9 ..seen
1/410 etc la reuse pen
Fshre glass Ward 3 73 x
From Ch1xIde 2515n1 bat le

4.P
10%

10.3.

ORDERING INFO
All prices e ouCI lade VAT Please add to
Intel order Please add 50p menage
on all orders under 4101 yaws Send
cashichtqueiPDor Access/Visa number
walls sour ceder. Our enlarged

ccosh lust 47p W carWee with damsOtuowe L,)
Send SAE la discounts lis 000.81

welcome from col!..Niq. st1,1015 "1.-

Skii;
259
20p

17p

REGULATORS

Posdiss,
 72205 ZS
78L12 742
70115 30
*70US
 7012 45
71115 10

IMMIX 110
 tNI.1171 120

hogalim
791.05 GS
754.12 65
NOS 65

7905 43
*7912 45
7915 60

 11.112314 SSO
I.M.72.1 40

PANEL METERS

x u, . 1W.
SOpA
1COuA
50002.

0 10.nA
0 30..A
is 1006A
450p each.

0-501mA
0lA
0.30V AC
311.1

0.1001' A.
O 131:
01(11' DC

1;.A.S114

2051011
126117
1101.1.1
104]214
20N
2 457651

17461
1 57431
4 061
4 19461
4.43M
3.061
6(S(
6 1446.4
7 OW

OM
10 OM
12 I1M
16 (PA
116M
10 412M
19 %MA
76 6916
27 14563

66671.1
4411%1
11MA

1111/7 12
0917 10
(3A90 I
OA% 7
0A201)
OA202
17/914 4
*1744148 2
 1440111 3
144032
1144006 7
144(07 7
045401 15
143404 16
141406 17
402n* son 10

110
170
100
370
301
270
220
240
120
130
150
125
260
200
110
210
170
140
290
240
240
220
100
100
240
32)
220
310

S

RESISTORS

 .W 194 Carbon lilm ElI
5.r0r3. 4 711.1014 1919,!

Canon /dm E12
Pries 4.70 .4M7 Spread'
1.31: 1% Metal Hen E24
..n.r5

* NEW TELEPHONE ORDER SERVICE
11 Now ordering from Rapid isII even easier. Just telephone 117411 4(ilr

0322 883494 with your lc
ilt
4, requirements and your ic

ItAccess or Visa number for
111141111S4110 itImmediate despatch. Nothing 'l iCcould be more simple! it

BRIDGE RECTIFIERS

IA ca.. 11
IA 0311V 15 4A "V 91
ZA 2011V 40 6A 10W au
7.A 4011V 45 6A 211°V 99
?A Mei 90 'A 4°2V 95

CABLES

10 metro neck single core
demo. ling cable, ten
&Raw 01401)13
Speaks cable
Standard strewed
Twin screwed
2.5A loom mum
10 way ribbon
20 way ribbon

452 .
10111M
1613/M
24Pim
2311/M
G6p/m

1204.7%

SOCKETS

*0 OH 7p II pr. 114
 14 Pan 9P 24 pra 220*16 gun 10p 26 pn 210
le pm 150 40pe.34120 pin I%
Soldercow pin 602/101

Tel: 0322 863494
Hillcroft House
Station Road
,Eynsford, Kent DA4 OEJ

TRANS-
ISTORS 0C157 10' BC5S8 10 IONA 25' 71P14.1 45  Z15107 41 /NUM S5

DC1515 10 BCY70 15- 134155 25 TIPRIA 40  ZTX100 111 210053 SOAC12S IS  DC159 0 BCY71 15 135186 21 TIMIS OP ITX109 12 241442 110AC126 21 B'101 45 BCY71 1111 EI51117 25 TIPIOC 60 ZTX1113 14 *211002 6AC127 21 BC168C 10 110115 40 RFX88 25 TIP31A 55 1TX)(11 14 2143701 9444070 16 15C169C 10 00131 35 RFS% 3) . 4 IP.1113 45 20062 15 *241704 6AC176 25 /1070 5 00112 35 BFYSI 23  TIP31C SS 12114304 17 2437% 9AC107 22 RCM 10 110111 SO 13W51 23 7103/2. 45 ZT71341 30 2113706 9AC108 22 BC172  FID115 So 80333 32 TIP3211 SS 217010 1S 243707 10A13142 130 BC177 0 130136 30 RFYSS 32 TIP32C 60 2T71501 15 243708 10A0149 eo 80178 1$ 00137 30 RFY56110312. SO ,117t502 IS 141709 10A0161 40 DC179 IS 00138 30 DRyjs 40 11P0C 75 ZTX503 NI 2141772 110.60162 40 now 10 001)9 35, R5520 20 TIRMA 60 20001 2S 21177.1 210AFII4 641  OCIRL ii 8e3140 35 86529 35 TIPJ4C as 24492 29 4 21.42°19 15AF126 SO DC1113 1011311204 Ill 03395.6 2S 110.15.9 ISO 24190 45 241010 40A0139 40 0C1511 16180206 0U205 165 ' APJSC t0) 24706A 20,211382] 65Al 106 70 BC1114 10 130222 SS 0U206 300 4111.169 170 74701 20,2143%6 9094 239 75  DC1044. 7 Of 103 35 8U255 170 111/34C. MS 24918 35'21139038C107 10 80.212 10 05102 35 841295S 99 11041A 68 2741112 *5 1/0904 10RaC10713 10 002121. 10 . 811414 33 6111.140 54 TIPQA 60 2109.0 30 *243905 6* RC ICIS
411 BBC213 O,, RFNIS 25 151E510 65 11P1211 65 14221E6 45 170406 10BC 10013 12 RC2131 104 01194 121 MIES/1 9S . 1111121 90 2422132. 25 2144017 45IJC100C 12 BC/14 10 RF19S 12 MIEWS3 70 110121 90 292221A 25 2H1044 10 EIC109 1 4E3(2141 5 811% 12  A4P1'102 40 :

'

TIP141 120 241221A 20 2194060 10BC109C 12 (1C2377 II 05197 12 MPF101 40 TIP142 130 242368 25 244061 toDC114 22 DC238 14 RENO 10 MV/A05 22 710147 120 242369 11 2145367 10

11C117 22 8C327 14 BF200 10 2.05912 30 7103055 SS 242646 45 245156 16

BC115 22 13C308 IS 13F1110 Is 1 MPSA04 23 1102955 60 247484 LS 245457 36

1.10119 35 8C3211 14  13014411 1s . MP5ASS 30 T154) 40 242904 20 215459 1.3001.17 40 11(117 14 BF/45 30) MP5A14. 30 11544 43 24/904A 20 214305 1680119 10 00130 14 01'25613 45 44034.130 SS 11345 45 141905 n 2145777 4SOC140 30 13(477 10 01257 32' MPSI356 SS 11590 30 71439059 22 246027 30
I13C141 30 BC475 * Ell2511 25 Nouns GO 11391 30 2142906 23 4060 4oDC142 2S B0479 20 RF259 33 6046366 GO *V611010.4 121429°6A 25 40291 99130141 25 BCS17 40 Br117 40 TIP29 35 45 ;2142907 2540362 So13C147 1 *80347 7 BFR40 23 TIPP% 40 V/44641r 7S 121.429:°A 23. 924°9 7000163 8 0054.3 10 t500e0 25 5102911 53 v8466Ar es 12/9.2926 9 40394 10000149 9 0(549 10 1147129 25 TIP29C 40 VINMAr % 2N1293 20

CMOS
40011 14

401 12
4302 14
401% 65
4:07 17
a IS SO
0119 30
4010 IS
*401111
4011 17
*4011 21
4014 60
4015 60
*40% 22

LINEAR

*4017 43
4010 GO
4019 35
 4020 SS
4021 65
4022 70
4021
4014 40
4025 15
 4026 96
4027 30
4020 55
4029 75
4013 3S
4031 170
41114 170

*336 210
4039 295
4040 SS
4041 75
4042 SS
404) 60
4044 63
4016 70
4047 70
4048 SS
*4049 21
4050 20
4051 60
4052 70
463 40
4054 110

4055 15
4059

1

410
4060 25
4061 90
40(6 3S
4067 395
*4063 IS
4069 15
41170 Is
4071 111

4022 10
41101 20
4075 20
407'6 60
4077 25
4061 11

4082 20
4049 65
4326 65
4319 140
 4013 33
4:344 14
./39S 90
4:017 140
u:.P. 85
uys. 95
4ir1, 50
4 1115

41,1/.1 110
40175 1117
40175 100
4011) 110

4502 70
4301 SO
4757 30
4301 200
4510 63
*4311 S
4512 70
4514 MO
4515 HO
4510 75
 4510 45
4520 70
4521 200
4526 00
4527 90
*asza 7S

4529
4531
4514
4511.1
4541
451.
4553
4535
4556
4559
4%0
4%4
4583
4724

110
9;

455
110
110
310
29S
45
48

390
150
45
9,

140

*7 C
CA.111.2C 451) L *M.177

A5169E 290 UAW
*741 14 IC17106 790 !  LAum
40 35 100038 320 144542

A3-1-12713 1061755.5 10 *L643%
2.3-14110 700  1.1351 40.160347
 AY -14912 1.1153 111.1M593

625 LEIS6 10 161709
CA3044. 611 1600 393 LM710
 CA30011 SS  5641)01A 25 (14725
CA1019 215 1%311 70 1M731
CA3097A0 375 LeA318 SS *DAM
CA1150E LM324 40 1M747
CA1140E 45 (2019) SO 1207411
CA11601 110 164348 90 1611438
CA3161E 140 1.1.08 so 1612917

102.020 00 LV
102.950 290 24425E
I09940 170 24426E
1091021 300 244275

40 *N1556 45 10610311 120 214428E
200 NE S65 120 7851010 22S 1N1034E

150 1.60900 501 hiE566 1S0 10A1022 560
GS 1201909 70 *NE567 100 7091034 125

100 1,203911 170 ' NE371 425 11071 0
120 *1541914 2111 RC41% 90 1L072 75
65 *1201915 240 51476013 170  11051 30

120 16413400 120.3176011 ISO 11082 70
100 44C1110 130 0 *51476477 ISO  11.064 90
25 W3302 Ie 1 IBAMIB112S0 *012X6 310
50 5142 13s5 , BA400 MO 24414 1011

350 51.513 270178A/10 95 2)4423 195
75 14E521 325
I4 NE551 150
75 141544 OS
35 *NESSS

135
390
311
654
440
203

POTENTIOMETERS

Rotary C.Ptcel track Log
on Lm 5K-1%
Single 122. SbereoMp each.
Slide 40mm trawl siniire
Let re Lin SK.SOZIK. 63p.
Preset. Submin horir
10013,161 7p.

VERO

Verctlor 3549.
Sate O. 1 'wain:
2.5 x 1'
2.5 x 3 73'
2.5x5'
3.75 x S'

VC) Board

Vnnpin, ewe 100
Single sia.ifif
Llosable silo!
Sect race cutim

22p
3p

337

1607

;(6.
60/

10%

SWITCHES

Subriiin Toggle
SPST SSp 5E10 Gap *0001 50p
MInIalur %gee
SPOT 809 POT centred! 110p
(VDT 906 13P01 centre oil 1000
Standard toggle
5051350 DP01 41p
 Mini11ure0001 slide Ilp
*Rath to male 12v Push In bulk 22p
RoUrvt11%.1400-able slap
1P1234 2P6W, 304W, 4P315. all ;Sp each
OIL pdtchri
4 5951 1105 6 SP5T 009 8 SPST 10%

TTL
7400
7401
7402
7401
7404
7405
7406
744k7
74411
7409
7410
7411
7417

24
7414 35

ii 7417- 3n5

II

14

12

777:421

15

ale

77442207
17 X
16

7741"12

IS
26 15

23
1615 7413 V

74 III
7117

2714
20 17
20 -1 ' I,

7441
7444
7446
7447
74411

7450
7431
7451
7454
7460
7472
7471
7474

74767473

40
85

60
45
10
16
14
16
16

16
24

12
32
11

7480 45
748? 70
74fil SO
746S 75
7424 25
7489 115
7490 30
7497 45
7492 40
7491 21
7494 55
7495 50
74% 45
7497 120
7410) 10

74107 30
74101 32
74121 21
74112 45
74171 40
741123 45
74126 40
74132 45
74141 65
74165 6S
74147 101
24145 75
741% 75
24153 43
24154 75

74155 60
74156 40
74157 43
74160 60
74161 60
74162 65
74163 60
74164 GO
74165 40
74167 180
74170 165
74173 60
74174 65
74175 70
74176 55

74177 75
74179 (.1
74100 46
74101 135
74152 75
74190 70
74191 70
74192 70
7419) 65
74194 70
74195 63
741% 63
74197 43
74191 95
741% 95

LS TTL
11

sot 14
411 14
S01 14,
1144 15
SO5 15
SUS 16
SOS 16
510 16
511 lb

LS12 15
LS11 2S
1514 45
1515 IS
1 S10 15

a S21
1522
L526
L527
1530
15)2
(517
1.535
1540
1542
1547
154/I
1531
1355
1573
L574
1575

15
16
IS
IS
16
16
16
16
16
31
40
eo
16
34
25
2S
27

1576 20
1574 34
LS11 50
511 70

1.506 25
1590 33
LS92 111

LS93 35
LS95 15
1936 110
15107 45
1510) 30
LS112 30
L5113 30
L5114 30
1.5122 42
15121 SS

LS12S 30
L5126 30
L5132 45
1.5136 30
15130 33
LS139 33
15145 TS
L5147 160
1.51% 9S
15151 40
(5153 40
LS1S4 120
15155 45
1.5156 45
L5157 35
13151 36
151(11 42

LS161 42
15163 42
LS163 42
LS'164 SO

LS165 120
1.5146 OS
LS170 170
tsar) 70
13174 40
15173 60
15110 SS
(5191 SS
(5192 35
L5193 40
15195 SO
1.51% 60
13197 61

L5221 60
11.240 90
LS241 es
ism so
4(32524445 Mai
s 120

11 :72407 7S
15250 al
LS259 95
15266 25
LS273 90
111279 SO
111283 43
L5153 100

15165 35
4.5106 35
LS167 20
L3368 50
L5373 10
L5374 SO
15375 50
15177 90
13178 70
LS390 75
LS393 75
LS399 220
L5S41 135
15670 175

COMPONENT KITS
' An 516.1 opportunity lor the beginner or 1% wpm...n.0

comir ut tor lo obtain a wide range al composencs at
redunsl prices.

%W 5% %sifter 1411 ConLians 1004 each value Iran
4 711 to 1M (650673161tes141109.

C27.446.00cCiarac13341cor

caps.)
K.itro9C0614ains 50 each value (ram

Capacitor Kii Contains Sol each value Iran
001 to tuF (65 ram 1 $75p each.

Preset Kat Contains 5 c4 mat h her Yak. Irons
3001-2 to 161 (total 65 presets' 4231 mach.

but and Bolt Kit Taal 30) demi. ISO..

SOLDERING IRONS

Mum CX 17W So/doing Pan
2.3mm and 4 7rtim 1.111101, at
CX 17W element
Ante: 571 253Ai rsolirfPnng Prix.
3 kr.,16-.:1 4 7nuplpl. to wit
XIS 21W elerneni
Solder pump desNdurm5 trci
Spire notate for atom
*moires 22 swg solder

41,:y
Sip

19.)p
4401,

1411p
45433
70p

10(1p

TRIACS - SCRS
SCRs TRIAL,
*C6/613 10 400V 4A 60

ISA 70 40:61 1A TO
40113' 12A 99 4004 16A 103

The Rapid Guarantee Same day despatch * Competitive prices
Top quality components * In-depth stock
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Tuner Kit 
he new BI -KITS S.453 Stereo FM 'The 

comprises push-button 
varicap tuning and a phase -locked 
loop decoder for the reception of 
mono or stereo broadcasts. The 
unit is fitted with a four -position 
switch which provides for the 
selection of four pre -tuned fre- 
quencies. The selected frequen- 
cies are tuned by four multi -turn 
potentiometers. Careful circuit 
design has resulted in an extremely 
stable unit that may be used in a 
wide range of equipment. Provi- 
sion exists for the addition of an 
LED stereo indicator, a centre zero 
tuning meter and a monolstereo 
switch. The ready -built module is 
supplied complete with installa- 
tion instructions. Specifications in- 
clude a tuning range of 88-108 
MHz; a sensitivity of 4 uV for 
30 dB SIN; an audio output of 
200 mV for ± 75 kHz deviation; a 
stereo separation of 30 dB; and an 
operating supply voltage of 
18-25 V at a supply current of 
43 mA (for Vs = 22 V). The unit 
costs £19.00 plus £2.85 VAT and 
50p p&p and is available from: Bi - 
Pak Semiconductors, PO Box 6, 
Ware, Herts, SG1 9AG. 

Alien Attack 
One of the more popular small 
projects we had on show at 

Breadboard was the Alien Attack 
game and one person came up to 
ask about the secret identities of 
Q5 and Q6, which preferred to re- 
main anonymous in the original ar- 
ticle. He left his name and address, 
but small pieces of paper have a 
habit of disappearing at large ex- 
hibitions and we can't write as pro- 
mised. So for you, sir, and anyone 
else who was wondering, Q5 is a 
BC108 and Q6 is a 2N2219. 

Interface Your 
Micro 

Wnth the ever increasing use of 
microcomputers in 

laboratories, Cytel have been pro- 
mpted to produce a range of 
microcomputer interface boards. 
These boards provide a cost- 
effective means of making full use 
of microcomputers in areas such as 
data recording, data acquisition, 
motor speed control and stepper 
motor control. Each board is 
designed to operate on the Cytel 
40 -way Cybus, whereby two 
40 -way DIL sockets provide a 
ready means of daisy -chaining the 
range of boards. There are current- 
ly three boards in the range. The 
F011 combination analogue - 
digital output boards feature two 
analogue channels, one reed relay 
channel and three TTL digital 
channels. The F012 eight channel 
microcomputer data acquisition 
board provides eight multiplexed 
analogue -to-digital channels; 
channels 0 and 1 are fully buffered 
differential analogue inputs with 
zero offset null control, variable 
gain control and may be switched 
to accept unipolar or bipolar in- 
puts. Channels two to seven accept 
unipolar signals of 2V55 max- 
imum. 

Finally the F015 combination 
digital input output board will give 
you eight inputs connected to 
eight switches, four handshake 
lines and eight output lines with 
LED display, including seven buf- 
fered to 50 V 500 mA, and a reed 
relay (240 V AC 0A5). The FO range, 
together with the appropriate 
adaptor, may currently be used 
with the PET, Apple, Motorola D5 
and AIM 65. For more details con- 
tact Cytel Instruments Ltd, 61 
Woodburn Road, Carrickfergus, 
N. Ireland. 

X-Cellent! 
There's more good news for those of you who are tired of buying bat- 
teries! Appearing soon in your local emporium is the X -cell, a revolu- 

tionary type of rechargeable battery. It is suitable for routine domestic 
and outdoor applications and will replace traditional lantern -type bat- 
teries. The remarkable feature of this unit is its built-in charging unit, 
which means you need no other adaptor or recharging device - you 
simply plug into the nearest power supply with the leads provided and the 
battery recharges itself. Tests have proved that the X -Cell will give at least 
300 (in certain conditions up to 3,000) charge -discharge cycles - at a cost 
of less than 1110 of a penny a time! The unit will recharge from cars, lor- 
ries, boats, aircraft, etc. The unit is leak -proof, shock -proof, vibration - 
proof, resistant to extremes of heat and cold, water resistant - in fact vir- 
tually indestructible. This innovative unit was developed by Ni -Tech Ltd, 
so if you want further information contact them at: 4 Castle Street, 
Hastings, East Sussex TN34 3DY. 
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minor gremlin crept into the 
Guitar Tuner project in the 

January ETI. On the circuit 
diagram, page 43, R12 and C10 
should be connected to pin 6 of 
IC3c, not pin 5 as drawn. Also the 
supply pin numbers (4 and 11) on 
IC3 were seapped over. The PCB 
and overlay are correct. Sorry! 

- Free And Easy 

Asimov For 
Tandy 
Tandy Corporation (UK) have 
just announced the signing of 

science writer Isaac Asimov for ex- 
tensive advertising and product 
promotion. Mr. Asimov, world- 
renowned author of over 200 
science fiction novels and related 
articles, has been contracted to 
promote the state-of-the-art high 
technology products of Radio 
Shack, a subsidiary of Tandy Cor- 
poration. Among Asimov's most 
popular works are two volumes of 
'The Intelligent Man's Guide to 
Science', 'Robot', 'The Caves of 
Steel' and 'The Naked Sun'. 

London Information have started a new free consultancy service to help 
engineers identify and acquire the specs and standards or other 

documentation they may need for their latest projects. Enquiries are 
already running at hundreds of telephone calls a week. In the present 
climate of fierce competition for every tender, the prompt acquisition of 
correct documents is a matter of vital importance. 

Three examples illustrate that the range of enquiries is enormous. 
Recently a batch of Australian wallabies gave their importers a problem. 
It seemed that the Australians had changed the quarantine regulations 
but had failed to supply the necessary documentation. Desperate im- 
porters contacted Canberra to be told that they must wait at least six 
weeks for the documents - totally impractical since the crated wallabies 
were already waiting in several ports in Europe. A telephone call to Lon- 
don Information saved the situation. Within five days London Informa- 
tion had the essential regulations from Australia and the wallabies were 
safely despatched to their respective zoos. 

A sports stadium complex was put out for tender by a middle eastern 
state. Specs and standards were required for all the component parts - 
from carpets, paint, tiles, partitioning, plumbing, olympic tennis courts 
and swimming pools up to the structural steel and concrete. London In- 
formation was able to pin -point the documents called for in the tender by 
return telex. Four companies tendering, including one from France, used 
London Information's service and one was awarded the contract. 

One of the largest British electronics companies was invited to tender 
for a major US government contract but were unable to acquire the rele- 
vant US Mil specs in time. On being recommended by the US Embassy in 
Britain to try the London Information service, they made a quick 
telephone call and London Information was able to supply all the specs re- 
quired within a few days, thus enabling them not only to submit their 
tender on time but to win another contract for Britain. 

London Information can now get any available document from any 
source anywhere in the world. If they are unable to supply the informa- 
tion themselves, they will put firms in contact with a source that can. Fur- 
ther details from London Information (Rowse Muir) Ltd, Index House, 
Ascot, Berkshire SL5 7EU. Telphone: 0990 23377. Telex: 849426. 
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P'?°°)450t B.K. ELECTRONICS ebc),14'°freo
A SOUND CHOICE sri49f441.

* 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
set:Cindery inputs for stereo microphones.
Input Sensitivity: 100mV to 2V Input Im
[redline*: 68K. Output level: 400rnV to both
lett and right hand channels. Output Im-
pedance: 1DK. Signal to noise ratio: 45dB.
Wow and flutter: 0.1%. Power Supply re-
quirements: 18V DC at 300rrik Connections:
The left and right hand stereo inputs and
outputs aro via individual screened leads, all
terminated with phone plugs 1phono sockets
provided,. Dimensions: Top panel 5Vrin x
11 Vein. Clearance required under lop panel
21ein. Supplied complete with circuit dia-
gram and connecting diagram. Attractive
black and silver finish.
Price E28,70 + £2.80 postage and packing.
Supplementary parts for 18V D.C. power supply
(transformer, bridge rectifier and smoothing
capacitor) (3.60.

NEW RANGE QUALITY POWER LOUD-
SPEAKERS (15", 12" and 8"). These
loudspeakers are Ideal for both hi-fi and
disco applications. Both the 12" and 15"
units have heavy duty die-cast chassis
and aluminium centre domes. All three
units have white speaker cones and are
fitted with attractive cast aluminium
(ground finish' fixinp escutcheons,
Specification and Price: -

13" 100 watt R.M.S. Impedance Bohm
59 oz. magnet, 2" aluminium voice coil.
Resonant Frequency 20Hz. Frequency
Response to 2.5KHz. Sensitivity 9708,
Price IW each. (2.5D Packing and Car-
riage each.

12" 100 watt R.M.S. Impedance B ohm. 50 oz. magnet. 2" aluminium voice coil.
Resonant Frequency 25Hz, Frequency Response to 4KHz. Sensitivity 95dB. Prioe
£23.70 each. £2.50 Packing and Carriage each.

8" 50 watt R.M.& Impedance 8 olwns, 20 oz. 1 aluminium voice cos, Resonant
Frequency 40Hz, Frequency Response to SKHz, Sensitivity 9248. Also available with
black cone tilted with black instil protective grit. Price: White cone DUO each. Bleck
cons'erill (9.60 each, P Er P (1.25 each.

PIEZO ELECTRIC TWEETERS - MOTOROLA
Join the Piezo revolution. The low dynamic mass Iwo voice coill 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 'A' 3ln round with removable
wire mesh. Ideal for bookshelf hi-fi
speakers. Price (Type 'A') £3.45
each.
Type 'B' Thin super horn. For gen-
eral purpose speakers disco and PA
systems, etc. Price £4.35 each.
Type 'C' 2in x 5in wide dispersion
horn. For hi-fi systems and quality
disco etc. Price £5.45 each.
ype 'D' 2in x 6in wide dispersion

horn. Frequency response ex
tending down to mid -range (2000
c/s) suitable for hi-fi systems and
quality disco. Price £6.90 each.
U.K. post free (or SAE for Piezo
leaflets).
Nue Level Conareetaudseeeker Terminals Cam-
bia," two weirq104610 lOodiDeaket retrninols
nets wouno pmenhommou one Puente, network
An mounted on  swan brushed aluminium plate
Fu neatly through a 3" x 3" eat out Of, mar et
speaker orange. Price as. 20p posing, one
oact,no.

1K.WATT SLIDE DIMMER
 Controls loads up to 1KW

j  Compact size
414" x 13/16" x 2X"

 Easy snap in fixing through
paneVcabinet cut out

 Insulated plastic case
 Full wave control using game

triac
 Conforms to BSEKKI
 Suitable for both resistance

and inductive loads
Innumerable appecations In
industry, the home, and discos/
theatres etc.

Price: £11.70 each + 50p P&P
(Any quantity)

BSR P200 TURNTABLE
F21703 T umetble Oxman.  '5' shaped tone arm
 Bolt driven  Precision calibrated counter
balance  Anti -skate (bias) device  Damped
cueing laver  240 volt AC operation (50Hz)

 Cut-out template suppled.
I Price: Evile  £2.50 P&P

dill) POWER AMPURER MODULES

Matching 3 -way loudspeakers
and crossover
Budd a quality 00vaitt RMS system Eiohms

Build a quality 60 watt R.M.S. system.

*10" Woofer
* 3" Tweeter
* 5" Mid Range

* 3 -way crossover

GENERAL PURPOSE 434 MINI
SPEAKER

General purpose tuft range loudspeaker, Ideal
for mini systems etc.

RoNed fabric surround Twin cone .Bohm
impedance 15 watt RMS 1" voice col

iii3oz magnet *Frequency range 50/15000Hz

Price: f6.90 each + 75p P&P

:100 AND 160 WATTS R.M.S. II

Power Amplifier Modules with integral toroidal
transformer power supply and Mat sink.
Supplied as one complete built and tested
unit, Can be fitted in minutes. Auxiliary
stabased supply and drive circuit incorporated
to power an L.E.D. V.u. meter. available as an
optional extra.
SPECIFICATION:
Max. output power 100wans R.M.S. IOMP1001

150wetts R.M.S. IOMP1901
Loads: (Open and short circuit proof) 4-16 ohrre

Frequency Reeportse20Hz-25KHz. i 3d8
Sensitivity for 100 wane erUnmV at 10K

150 watts 5COmV at 10K
T.H.D. 00.1% ,

Size:360 x 115 x 80mm
Prices: OMP 100W 129.95 P&P

OMP 150W CI9.09 02.00
V.u. Meter NSW

Fitted with attractive cast aluminium fixing es-
cutcheons and mesh protective grills which are
removable enabling a unique choice of cabinet
styling. Can be mounted directly on to baffle
with or without conventional speaker fabrics.
All three units have aluminium centre dames
and rolled foam surround. Crossover com-
b-nes spring -loaded loudspeaker terminals and
recessed Mou nlinq piing!
Price C22.00 per kit + C2.50 postage and pack-
, ng . Available sepaiately, prices on request

IV 80 watt 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
13Kier. Sensitivity 95dB. Impedance Bohm.
Attractive blue cone with aluminium
centre dome.
Price (17.49 each  am pap.

B.K. ELECTRONICS
ISA37 Whitehouse Meadows, Eastwood, Leigh -on -Sea, Essex SS9 5TY Nemo

* 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.
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KITS, COMPONENTS
MICROS & PARTS
r DISCO LIGHTING KITS -1

CILICOOK
This valuelor-rnoney kit
features a bi.dtrectia nal
beguenoe. (mad 01 Sequence
and froquency al direction
Mango, being variabto by
means of potentiometers and
Incorporates a master
dimming control. Only £14.00
DLZICOOK
A lover cost version ol IM above. lealt.ring
undireciionot Cannel sequence with spa
vambne by means of a preset pot. Outputs
switched only at mains zero crooning points
to reduos radio interlererce to  minimum.

Only 11.00
Optional opto input DIAL ....... 600
LAllowing audio I Laril iiyatoCori!,

r-DVM/ULTRA SENSITIV-E7
THERMOMETER KIT

This new design it. basoti co
tha CL7126 la 'crow Power
version of the ICL7IO6 chip)
and a Sin digit liquid cryscar
dispay. This kd will form the
boots of a digital multimelar
(only a few additional resistors and switches
aterequired-detailssuPlallodl, Ora Sansilive
digital thermametar (-50C to  150.CI
roworie to 0.10. The basic kit has a
sensitioty of 200m11 ler a full scale reeding,
automatic Polarity indication and an ultra
low poorer requirement-giving a 2 your
typical belay Ida from a standard (10 PPS
when used 0 i-0.03 3 illy. 7 days a ack.

Pries Ins sO

EEO

rD0 YOU LONG TO HEAR -1
YOUR DOORBELL RING?
Our latest kit gives
you a pleasing three
note harmonically f LEL
related tone sequence -
Inot &microprocessor
controlled buzz Of the
name old ding doing)
at a touch of a button.
This kit, baled on 1 row
integaled circuit. vs I
supplied complete with I

a printed carcuit baud, I

loudspeaker and dahlia!
ban erg requires only
Set. battery and push button
common to moat houseala.
It may also be ranched by logic in such
applications ascot alarms, clOCks. toys,
P A. systems, etc Tha unit produces a
150mW output and rases less than one 1 uA
from a PP3 battery alien the lone masa*.
SLopliad compete with circuit and
assembly instructions.
IDEAL PROJECT FOR BEGINNERS-

ONLY E5.00,4

TIMNIC SON 
't CHIME

ClaJe

TRIACS
400V Plastic Case (texas! 3A TIC2061) ...49p

OA TIC226D ... 58p
12A 71023110 ..)5.5p
18.1110240 . .1E9
25A TIC2630 . 19Cp

SA with trigger IDICOOLT... .. .. asp
8A isolated lab TKAL22813 .. .... .... tISp
Mac. I tip
OploifOlatid trgc MCC:0290 eik 14001r 110).3A

r- IF YOU CAN'T (REMOTE) CONTROL YOURSELF .

Pubhelled remote control ayolems tend to be quite
components and a

mall -equipped tab to got them to work. II leas has put you
all making your can system a have lust the kiln for you.
Using infrared, our KITS range horn simple onhalf
controllers to codod transmitter/taperers with 16 on/off
Oulputli Cr three analogue outputs for 0Ontrolling. e.g .
TV or Hi -Fl systems. Tte kits am easy to build and simple to set up-and they are oxlremoly
watnitile. controlling anything tram garage doors to room lighting lust by adding the required
output circuits, i.e. relays. lace. etc.
II you can design your own system, we stook a wide range of remote control Components al
very coMpelitive prices.
We have compiled a booklet on female control. containing circuit*, Stole, dole thesis Imo

Ott oils of cue remote confect kits and components. So don't control yourself -
SEN 0 US lap and  stamped addressed arrrelopolor youroopyTODAYI

THE MULTI -PURPOSE TIMER HAS ARRIVED
Noe you can ,can rum fisteM are 101s
more with Just one poseamrnabie timer. At your salachon II Ili
115101100 to control IOW mains outputs indapendently, switching on
end ell at preset timas over a 7 day cycle. e.g. to control your contra]
-.noting Including dilforant switching limos Ica weekends). pail
,X0.(4.1 it 10 your system programme and set A and forget the

ciodi will do the rest.

rEATURES INCLUDE-
 OS.' LEO 12 hour display
 Oay of 'week, am/pm and output status inlicalces.
 a zero voltage pelot'd mains outputs.
 50/E0elt Maine operation.
 Battery Lockup Sums COMO programmes and continues time keePrq dcring power failures

(Battery not supplied).
 Display blanking dunng power ?elute to Canape battery power.
 10 programme time aets.
. Powerful "Everyday- function cabling output 10 switch every Oily but use Only one lime set.
 Useftil -sioep" function-turns On Output 'Cr one hour.
 OreCt 'when control enabling output to be turned on immediately or after a specified

time interml.
 29 function keypad for prOgramme entry.
 Programme verification at the touch of a button.

THERE HAS NEVER BEEN A CLOCK CAPABLE OF SO MUCH AT SUCH A LOW PRICE-
ONLY £45.00

I includ mg components. assembly and programme instructions in an attractive case). ,

A

THE'
GARAGE

DOORAT YOUR COMMANDAt last. a kit to enable
your tnotonsou

garage
door to be

°Paned
without

setting
loot !tom

your
car. and

atsodji i vern to

output
operating

0th
door co:IOW

oircults°71ree)arYcloreseaV

solidordy while
valid co

is transmitted)
is Indicated

by LED.

fl featur opera
lached

outputs
with common

reset kr

switching
240V a.

rhomains loads via remote
optchisolated

state swits
°kW

maximum).
A hnd-hetd

transmitter
tor 9V

PP3 battery
OperatiOn

COrtsfituling

a function
keys: Oen/Ciose,

ga I, cin 2, On.
JVving

a

of approxirnatelyag

feet is included.

AS a Derherai
purpose

remote contror
in the home

for switching
lights.

television
Crd other

appliances.
This unit

is ideal
for theaped or disabled.

ALL PRICES

EXCLUDE VAT

£23.75

r EDUCATIONAL EXPANSION WITH SOFTY 2
plug SOOTY 2 Into the EPROM socket of your
micro (MO, GM 8035, alc.1 prototype aYfilem
and socry 2 sill operate se INC Rom in your
5y stem but enable you to Wrda data into any
location, obsano memory contents on any
Moot 6 white TV and 'Mrs the programme on a
Mayne recorder if required.
Various editing facilities ant also avallablo,
meantling bytee or blocks of code to be
Menotti, trisected. deleted. etc enabling the
programme to be developed and run on the
host Computes.
After 'atuggirkg- SOFTY 2 may be used to
afedderww an EPROM (2716 or 2732).
You can also use it as an intelligent EPROM programmer 10 copy EPROM's from a master or
tor horn 11110.

Housed in a block ABS cave SOFTY 2 COmes Complete nth a mains supply Cable and 2epn
I. I plug for connection to your prototype system and TV lead.

FULLY BUILT AND TESTED-ONLY 5160.00
Far runner clouds of SOFTY 2 and the new ZII0 Aosernblerf Micro CanirollerMenta

L_
availebte et lust 5115.00 pious* sand stamped addrassed onverope.

1

THE PERFECT AID FOR "LAZYITIS"
Cur Lamp Dimmer Ka with INFRA
RED REMOTE CONTROL will enable
you to switch the Hannon Or dl, and ' -
ett the brightness. at a punk of a -
button without leaving your armchair.
nater.ted, etc. Not only will you save
taro but it has also ban ettlimined
teat the savings in shoe loather and
carpet wow alone would pay for ails
unit in approximately 1.307 years
of MOM!

This can it has con s derable practical
used, especially far INC PO, Infirm
aril disabled II works like a

- conventional dimmer. enabling you
I to switch the ligrols Ono, 011, or to

dim them to whatever brightness
you require, by touch or using INC
handheld Infra rod tfiltItlfrollet%
Yawn assembled, it fits into a
plaster depth boo to replace your
conventional switch or dimmer
with no rewiring.

TDR8:0K [ammo! Kit e1e.30
MK8 Tronernatter Kit £4.20
Weals° slot Sell our highly popular
70300K Touch Dimmer Kit al 17.00
and the LD30OK rotary controlled
Dimmer Knot only t3.50
All kits contain dl neotesary
components and lull instructions.
You only need a soldering Iron
and

24 HOUR CLOCK/APPLIANCE TIMER KIT
Swildele any appliance up to 11..,V
on and allot present times once per
day. Kit conteins: AY -5-1230 IC,
0.5" LEO display. mains supply,
dieplay drivers. switches. LEDS,
trircs. PCBs and full instructkla.

FAST SERVICE TOP QUALITY- LOW LOW PRICES
No circuit is complete without a call to -

ELECTRONICS
11 Boston Road
London W7 3SJ

CTIOOOK Bast Kit
CTIOOOK mithive to pax (56,11' . "'00",
(Ready

£14.90
E17.00
(22.50

Add 50p postage & pacMno 1.5",. VA I to total.
Overseas Customers:

Add £1.50 (Europe!. £4.03 (elsewhere) (Or p& p.
Send S.A.E. for further STOCK DETAILS.
Goods by return subject to availability.

OPENOars to 5pm I Mon to Fri)
lOam to 4pm (Sal)

CLOCK TowE4 C3

JV.St
velvet...mina

UXEISIDCE ROAD

RgH

Telephone:

AL iSCiStilattill
CIRCU:AR F0-81.

01-579 9794/2842

ri hELL
LT GARAGE
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BCD On PCB 
hurch House Components 

,announce a range of robust 
rotary BCD coded switches which 
are 19 mm in diameter and are 
known as the 420 series. The index- 
ed positions are clearly marked 
and the position indicator is the ac- 
tuating knob. A special feature of 
this series of switches is that the 
pin -out is in circular or DIL pat - 

IC Driven LEDs 

tern. This means that they can be 
soldered directly to the board or 
plugged into a standard IC socket. 
The contact system is gold plated, 
as are the terminals, resulting in a 

very high mechanical endurance 
in excess of 10,000 operations. 
Contact resistance is a maximum 
of 50 milliohms. For further infor- 
mation contact: Church House 
Components, 70-74 Barnham 
Road, Barnham, Bognor Regis, 
West Sussex PO22 OES. 

IMO Electronics have added to their range of lamps and indicators a full 
range of newly developed high brightness LEDs which can be direct 

driven from IC components. The 5000 series of LEDs is available in 3 mm 
diameter, 5 mm diameter, rectangular and triangular bodies. The high 
brightness is achieved with only a 10 mA drain at 20 mW allowing the 
series to be directly connected to IC devices with no interface required. 
The 5000 series is available in all standard colours plus bi -colour 
redlgreen. They are encapsulated in coloured, diffused and non -diffused 
finish and are available ex -stock from IMO Electronics at the competitive 
price of less than 10p for both medium and high brightness types. For 
more information contact: IMO Electronics Ltd, 1000 North Circular 
Road, London NW2 7JP. 

Highly Illuminating 
Now available from BA Electronics is a range of multidigit stick displays 

incorporating high performance 0.5" LED numeric digitf prematched 
for brightness and hue. The new GI MMN50 000 Series offers a very high 
luminous intensity in orange, yellow and high -efficiency red colours. 
Both two and four digit versions are available in end-stackable packages, 
with a wide range of options on drive configurations and lens colours. 
They are all visible in sunlight under normal operating conditions and 

packaging is rugged enough for a wide range of consumer, industrial and 

automotive applications. Both storage and operating temperature 
ranges are - 40°C to + 85°C. If you want more information contact: BA 

Electronics Ltd, Millbrook Road, Yate, Bristol BS17 5NX. 

Rapid Recall, PROMs And 
Delivery 
D apid Recall are able to offer a full range of high-speed bipolar PROMs, 

redirect from stock, at competitive prices. Manufactured by Intel, they 
include the 3628A, the 3636 and the 3632 PROMS which provide 8K, 16K 

and 32K bits of memory respectively. Rapid Recall, claim that any order 
received before 3.00 pm will be dispatched the same day. In addition, 
they are now able to offer a range of bipolar PROMs with industry stan- 

dard part numbers. The new parts will program exactly the same as the 
corresponding 36XX family of bipolar PROMs, using Intel's standard 
algorithm. 

All the PROMS employ Schottky charged TTL technology with 
polysilicon fuses to achieve high fuse reliability and programmability. 
The three -state outputs of the PROMs are initially high, with logic low 
levels programmed electrically in selected bit locations. Supplied in 

24 -pin hermetically sealed DIPs, the PROMs have a number of chip select 
inputs allowing them to be easily integrated into large memory arrays. 

'The 3628A is a fully decoded 1K x 8 bit bipolar PROM that has worst 
case access times of 50, 70 and 90 nS for the -1, -3 and -4 versions 
respectively. These times are specified over the full temperature range 0 

to 75°C and with ± 10% voltage power supply tolerances. Power con- 

sumption for the 3628A is typically 0.08 mWlbit. 
The 3636 and 3636B are 2K x 8 bit PROMs which have access times 

ranging from 80 nS to 35 nS maximum. Typical power consumption is 

0.05 mW/bit. 
The highest density bipolar PROM currently available is the 3632, a 4K 

x 8 bit device which offers access times of 40 and 50 nS. Fully compatible 
with the other Intel bipolar PROM families, it offers the designer a simple 
upgrade path to higher density memory arrays without the need for ex- 

pensive circuit board re -design, or, alternatively, as a way of reducing the 

overall size of memory boards without losing memory capacity. Rapid 

Recall are at Rapid House, Denmark Street, High Wycombe, Bucks HP11 

2ER. 

Micropower Micro 
slog have just introduced a new version of their Z80 eight -bit 

Zilog which consumes only 10% of the power of the stan- 
dard Z80. Known as the Z8OL, the new processor is available for operation 
at clock rates of 1 MHz, 1.5 MHz, or 2.5 MHz identified by the suffix L1, 

L2 or L3 respectively. 
Power consumption for the Z80L family is 75 mW, compared with 500 

to 750 mW for the standard part and is therefore ideally suited for use in 
hand-held or portable battery -powered products. The low power con- 
sumption allows battery backup to be implemented easily in systems 
where the data being processed is of a critical nature or where the ap- 
plication relies on continuous processing. 

Another feature of the Z80L is its full pin and software compatibility 
with the Z80, allowing it to be used in existing circuit boards without the 
need for circuit re -design. In addition, the device is fully supported by 
Z80 development systems and in -circuit emulators allowing products bas- 

ed on the Z80L to be developed, tested and debugged quickly. 
The Z80L can be used with the range of Z80 eight -bit peripheral 

devices also offered by Zilog. A new range of low -power peripherals will 
be announced soon, including a version of the PIO (parallel inputloutput), 
SIO (serial inputloutput), CTC (counterltimer circuit) and DART (dual 
asynchronous receiverltransmitter). These devices will consume about 
10% of the power of currently available products at prices substantially 
lower than CMOS equivalents. 

The Z80L family employ a single +5 V power supply and operates 
over the temperature range 0 to 70°C. They are available in either 
ceramic or plastic packages. 
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ATARI T.V.
GAME

THE GAME WITH 50 CARTRIDGES
R R P (129 95 (Inc VAT

OUR PRICE

£78.22 I VAT
I- L89 95 inc VATI

Its AtAli13.4411140 to a frt. rromsJaaaa.J one
nl LocktleL, J bsir nt stsnlens mule combat carituto
Anesine.rouper,raitalewsicrigaroren feeler/tier
and NIS a lenge el nom 40 thlIntnnt Ir
arlOtonn en Wandlul Ala,. iamb ire DSO now
stool the ow., Oi.:1,Ssto farness." AM,. art
.:uot nn vs, Oar roluC*0 hum (1895 ru
£16.95 Inc. VAT

ll I

ATARI CARTRIDGES
20% OFF R.R.P.

Atari Soccer f 29 95
NOW £23.95
Actisision Dragster I 18 95
NOW £14.95
Actwis.on vexing (18 95
NOW £14.95

ATARI OWNERS CLUB - Why not join our FREE Silica Atari Owners Club
end receive our bi-monthly newsletter with special offers and details of the
latest new cartridge releases. Telephone us with your name and address and
we will add your home to our computer mailing list.

ELECTRONIC
GAMES

r T.V. GAME CARTRIDGES
ve, specialise in the whole range of T V genies and sell cartridges for the renown() games

ATARI  MATTEL * ACE/MAUL * PaogiPS * DATABASE * iimrsote * ATERrav * TELENG
let us snow it rou own any el tees* games and we win let you have details of the range of

cartridges avadatki
AttentienINTEHION 6 ACETSIONC OW111,11,, we have over 75 assorted used cartidgns in stock all

web I scar guarantee SPECIAL OFFER (8 95 each

We also hive a number of secondhand games and cartridges

ELECTRONIC CHESS
Liquid crystal battery chess NOW f5 Off
cunioutur with 100200 his 114 I. (AV,
battery Ide and two levels el pttrx SALE PRICE
Comes with separate chess
Mare end motet

GRADUATE CHESS- ."'
A de luxe version of oho NOW
electronic [MISS set with Integra En 95
chess board The 111.11 orinativ e
chess set see illustration INC VAT

FIDELITY MINI -SENSORY CHESS COMPUTER
The very first chess computer al as price to Of1111 a /imbibe. it...purer with t 'neva' senscwv Osaid
Battery (6-B lust of mains operated This its a modular game and addireasalpIng-in modules ere
planned for 1982 lot advanced chess popular openings. greatest neater games, draughts and
!tiers,
MINI -SENSORY COMPUTER INC
STANDARD CHESS MODULE

WITH
WAS 154.50 NOW

£49.94C

VAT.
SlifC Shop ivy ono el Mr redrol rry .1radmip.p.a.alarsAnC11..Cornpulet .0.11.0.4. troth oihngorrnoo
thaln 20 C.o. COmpoarvs onteuilov ChoheaNna. 7' 0 ...et. Sansnra a and Saha coy VLIfe OlploxriSe

Sy.fam .1 Ahaopho Garae Gann. Manama. Vora Champion. nd the nIN Tarp; 41.a..1 V

454

COLOUR
CARTRIDGE
T.V. GAME

r .wn.Pn ya
coos

 .1.1.1.i.entht.....
NDVs COI SOOT;

n0 I)
Ulf Pea (29.50- ea'

BACKGAMMON
COMPUTER

We, (19 Ill.

NOW £48.95 inc VAT

INTELLIVISION
THE ULTIMATE T.V. GAME

R P (229 95 .'inc VAT:

OUR PRICE

£156.48 - VAT
1(17995 me VAT'

6 NEW CARTRIDGES JUST RELEASED
ASTROSMASH  SNAFU  BOWLING

SPACE ARMADA  BOXING
TRIPLE ACTION

All 19 current cartridges  the six new
tales a boye now retail at f 19 95 Silica

special offer price £17.95 inc VAT

The Menet 'MON...glen is the meet advanced T V game in the woad veth a range at over 25
dotterent carindges all at our special otter price of (1795 This game uses a 16tH
uu,,rubebessebus 10,0,9 lb wpm, end threv.pait herrnorrf sound The picture gueetvisincredtble
wits 30 effects and realistic animation An add on lett:card wit be evadable n the Spring 1982 tu
convert ION Mattel mItO a hill home tornputer with 16K 11AM winch wit he I ully expandable and
programmable in Microsoft Etas< Other accessories will be added later in the year The carnal
pitta of the Intuit...siert free soccer tallflOsi. IS C229 95 but cur special offer price is f 179 95
inc VAT swami you (5000

MATTEL OWNERS CLUB - Why not tom our Mattel Owners Club and recne our
regular newsletters containing deeds of all the latest cartridge releases Telephone us
with your name and addrossOS and we will add your name to our Computer mailing list
FREE 16 PAGE CARTRIDGE CATALOGUE -- If you arc interested in owning a
Mattel we now have available a 16 page calaIngtin 006Cribing the latest Sin cartridges
OS be released, as well as a new Mattel colour leaflet will brief cSeectipttor s of all 25
cartridges. Telephone us for further details

4z.

HAND-HELD GAMES

EARTH INVADERS
these insarlers tar a treed 01 oda:we nnnnqn ..1,11,1 Ti ss
Lamm! ha lulad Lo If fahlrunll mflhuda - Iwy mint ess tined the twin s.
fonft,.<1,4 in a more settee. squids cit teens chase hoe* 1100:6 The any
war sot nImanalm; ttern n by And thirsemn Mom

P "6 95 NOW £18

95 Inc VAT

PAC MAN 2
P..1, Ma,:  1$1,.1 Intl-. p.ih gIrm Il .1 a 1.49.011010 gone
of siraixet.i./ hulluol 6.1,1W On myPJ: Man Nemo

cinecs ne grim* s re, eacMan 'pertain as
..gh J store as OOfffbIe th [Pluton./ am) Oeshotmo Ghosis auln
and Ellefeinn wnitms Wine h,me e r dwircrwid by len Genst
Min 2 ,Kapdrants m:st modern end complex. status depths
ever pindvcre aim is now in relesse for the lust ,the UK affeneg
.10 Weal ogristel

R.P. £34 95 NOW £24.95 inc. VAT

SPACE INVADERS
Pew., nn u t. el tIpt, -usl can, at af "0.1 U. 'CS Spar. inxei .-1

stint with moth ilsIsm.1. bnlblm LED efInt/f. .ntluctsug maws slice Gore.
datnnflant missile foetal& and abeam .' -1 co Limed. Oka *Kiting elottmme ammo
rrirw. Tee tudt trips sbundl to Lunbina ylOun4 Brendan astlies, sun mnuna
You mama.. Iha mdhle ro ell - aWdny OI*1100111b, - and dawns the
Irrosdert tuna as queer as 70o Can dfdp.eisne loges. Of4conr InflInkh
hireinaii: Ogee, scoter for boos E  ed.,

4,a, rftfw R R.P. /24.95 NOW £16.95 inc. VAT

R - THE AFFORDABLE ANSWER
The Post 011ica candied telephone answenng machine

lint

Sot', claeling I will be late home - LoveJotin

The Call Jotter I brings the affordable
answer at the amming price of (69 lOr
(99 for the Call Jotter 2 with built in
remote recall facilitiesI These amazing
telephone answering machines are Post
Office certified and guaranteed for one
year They make a thoughtful gilt for

-Fee JOato dAdli!'"" NOW £69.00 inc VAT

ADD-ON
ADAPTOR

wit; 1.199
SALE PRICE £124

II -4 VAT

RADOFIN
TELETEXT

'

FOR FREE BROCHURES -TEL: 01-301 1111
.. III 1, ill

4 ,d(..
'11111

I III

11p111111 1111rda .11011.- III

sutt 1 ;no Offsmenr.
n
S.er ea Mos SILICA SHOP LIMITED ETIC082.

1 4 The stews flathrtrev Road. 5 idcup. Kent DA 1 d 40X
Telephone (21 301 1 1 1 1 air 01 309 1 1 1 1 -4

II" .,1 illOf'1
-mop -18111
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Defence Digest 
Seeker Tested 

AHughes Aircraft Company technician at the company's flight test 
facility in Van Nuys, California, checks over the infra -red seeker be- 

ing developed by Hughes for a new US Navy version of the Maverick air - 
to -surface missile. The seeker is mounted in the nose of a B-26 aircraft, 
shown here, for a series of captive flight tests off the California coast to 
demonstrate its ability to detect and track ship targets. 

B-1 Bomber 
Programme 
Full-scale development of the defensive electronics system of the B-1 

bomber is under way at the Deer Park, New York, headquarters of 
Eaton Corporation's AIL Division under an initial £4.7 million contract 
awarded by the US Air Force. Negotiations are under way for a full - 
production go-ahead. The system, known as the ALQ-161, will enable the 
Strategic Air Command's B -1B to detect, identify and classify hostile 
radar threats and to direct appropriate jamming responses automatically 
against the most serious, in a descending order of priority. 

Eaton's AIL Division entered the cometition to supply the defensive 
electronic countermeasures system in the early 1970s when the US Air 
Force first began its programme to develop a replacement for the B-52 

bomber that had been in service since the Korean War. Although former 
President Carter cancelled the project in 1977, the US government con- 
tinued to support research and development and now the Reagan Ad- 
ministration has revived the B-1. The Eaton system has been extensively 
flight tested since a pre -production system was installed in a prototype 
aircraft in 1979. Eaton's AIL Division is one of four prime contractors for 
the B-1 bomber. The others are Boeing (offensive avionics), General Elec- 
tric (engines) and Rockwell International (aircraft construction). Eaton's 
AIL Division is also the world's largest supplier of air traffic control pro- 
cessing and display systems, with over 400 installations throughout the 
world. Other major contracts have included designing the microwave lan- 
ding system for the Space Shuttle and a vessel traffic control system for 
the Suez canal. 

First 
Flight 

he world's first aircraft to fly 
solely with an all digital 

quadruplex fly -by -wire control 
system took off from British 
Aerospace Warton Division's 
aerodrome in Lancashire at 12.14 
hours on October 20th 1981. The 
aircraft was an extremely modified 
Jaguar GR Mk.1 on contract loan 
from the Royal Air Force. This 
Jaguar is the first truly practical 
digital ACT (Active Control 
Technology) aircraft to fly with 
equipment made to production 
standard. In effect, this fly -by -wire 
system replaces all the previous 
mechanical units - the 
autostabilisers, compensation 
equipment and cumbersome con- 
trol rods currently used to move 
the control surfaces. Their places 
are taken by four independent 
electrical channels, which relay in- 
structions in the form of electronic 
impulses, issued by four main high- 
speed, mutually self -monitoring 
computers. These are linked with a 

further two subsidiary actuator 
drive and monitor computers, 
which lead to the duo -triplex 
'failure absorption' actuator. 
These signals are not only issued in 
direct response to the pilot's 
demands, but are also initiated 
automatically to correct uncom- 
manded aircraft motion detected 
by aircraft sensors. Apart from the 
considerable weight savings, the 
main advantage of the ACT is that 
an unstable aircraft can now be 
flown. Under conditions like these 
flight corrections are required 
many times a second; a task, until 
now, quite impossible for a pilot 
using conventional controls. This 
major technological achievement 
opens the way to the future design 
and production of smaller, lighter 
and more agile fighter aircraft. 

Anti -Tank 
Weapons 
The 

Bristol Division of British 
Aerospace Dynamics Group, 

under subcontract from the 
Stevenage Division, is now 
manufacturing control and launch 
equipment for two new anti-tank 
weapon systems for the British 
Army. The first is for the MILAN 
medium -range man -portable 
system which is designed and pro- 
duced in the USA by Hughes Air- 
craft Company. British Aerospace 
has been granted a licence to 
equip the British Army Air Corps, 
under contract from the Ministry 
of Defence, with a roof -mounted 
sight for installation on the Lynx 
helicopter. The roof sight is a 

British Aerospace adaptation of 
the chin -mounted sight used in the 
USA. The sight is a fully stabilised 
optical platform which tracks the 
missile during flight, and is 
associated with various electronic 
units produced by Ferranti at Man- 
chester for the Bristol Division. 
The missile launchers are also pro- 
duced at Bristol for installation on 
the Lynx helicopter. TOW missiles 
are obtained by the Ministry of 
Defence directly from the USA. 

Both these projects have 
brought extra work to Bristol Divi- 
sion's manufacturing facilities 
and, in particular, utilise existing 
skills in specialised optic and infra- 
red techniques. New optical clean 
areas with ultrasonic cleaning 
facilities have been provided, and 
the manufacturing facilities are 
complemented by extensive auto- 
matic test equipment. In addition, 
new climatic and vibration test 
facilities have been installed for 
acceptance testing of the MILAN 
Firing Post. Deliveries to the 
British Army for both the above 
systems commenced in 1980 and 
the production lines will continue 
for some years. 

Airborne Computation 
Ferranti Computer Systems Ltd has received an order valued at £'/, 
million for 12 FM 1600D airborne computers with spares support from 

EMI Electronics Ltd. The FM 1600D is being incorporated in the Search - 
water radar system to be installed in the Royal Air Force's Nimrod Mk2 
maritime reconnaissance aircraft. This order follows an initial contract 
which covered the production of more than 50 of these computers for the 
Searchwater radar - which was developed by EMI for the UK Ministry of 
Defence for the Nimrod Mk2 and for associated crew training and ground, 
support facilities. The airborne version of the FM 1600D is the most 
powerful of all the Ferranti avionic computers and can be used in all 
systems where there is a requirement for high processing power and 
reliability. 

Rapier Sales 
Orders for the British Aerospace 
Dynamics Group Rapier low- 

level air defence system have ex- 
ceeded £600 million over a twelve 
month period. Rapier is the only 
system of its kind declared opera- 
tional with NATO and is operated 
in this role by the British Army and 
Royal Air Force regiment. Rapier 
has been adopted by ten overseas 
countries, making it the widest us- 
ed system of its kind in the world in 
all climates. These users range 

from Australia, through Asia, the 
Middle East, Africa, Europe and 
Central America. Rapier has gain- 
ed a reputation for being a 

reliable, cost effective system 
which benefits from low manning 
by average military personnel. It is 
highly mobile and can be rapidly 
and effectively deployed. Its 
modular construction makes 
maintenance and further improve- 
ment practical. Over 4,500 firings 
have proved the high lethality of 
the missile. The addition of the 
Marconi Blindfire Radar gives 
Rapier a round-the-clock, all 
weather capability. 
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PRACTICAL ELECTRONICS - STEREO

FEATURES: V HF, MW, LW Bands, interstation
muting arid AFC on VHF. Tuning meter. Two back
printed PCB's. Ready made chassis and scale. Aerial:
AM - ferrite rod, FM - 75 or 300 ohms. Stabilised power
supply with 'C' core mains transformer. All components
supplied are to P.E. strict specification. Front scale
size 10'12"x 21/3" approx. Complete with diagrams and instructiont

SPECIAL OFFER
 Marching I.C. 10+10 Stereo Power
ampli I ier kit (usually £3.95  E1.15p8+1))
 Mullard LP11133 built preamp. tuitabie
IOr magnetickeremic and auxilierV
inputs lusually £1.95 + 70p p&p)
 Matching power supply kit with trans.
former (usually E3.03 (1.95 p&p'

TUNER
KIT PLUS:

 Matching set of 4 slider controls complete
with knobs for bass, treble end volumet
lusually £1.70 r 80P Fatal

£21.95 ILlus80

STEREO AMPLIFIER KIT
. Featuring latest SGS/ATES TDA 2006 10 1.4.31t output IC's
with inbuilt thermal and short circuit protection.
 Mullard Stereo Preamplitie Module.
 Attractive black vinyl finish cabinet, 9"x134"x 3K"lapprox I
 10.10 Stereo converts to a 20 watt Disco amplifier.
To complete you lust supply connecting wire and solder.
Feeeuies include din input sockets lot ceramic carp idae,
rophone, tape or tuner. Outputs  tape, speakers and head-
phones. By the press of a button it transforms into a 20watt
mono disco amplifier with 115'in deck mixing. The kit incorp-
orates a Mullard LP1183 pre -amp module, plus power amp
assembly kit and mains power supply. Alto leatuies 4 slider
levet controls, rotary bass and treble controls and 6 push
button switches. Silver finish fascia with matching knobs and
Contrasting cabinet. InstructiOns £14.95available, puce 50p Supplied
FREE with the kit. Plus £2.90 p&p.
SPECIFICATIONS: Suitatie lord to 8 ohm speakers.
Frequency response 40H,  20KHz.
Input sensitivity P,U. 150mV AUX. 200mV.

Mic. 1.5m V.
Tone controls Bass _12rIb 0 60Hz

Treble 12db q.t. 10KHz
Destrui-on 0.1% typ hi O8 watts
Mains supply 220 250 i.alts 50hlt.

STEREO MAGNETIC PREAN1P CONVERSION KIT
Includes FREE Magnetic cartridge with diamond styli.
All components including p c.h. to convert your cer.smic in-
put on the 10+10 to magnetic.
Only evalabte with 10,10 amp. £2.00 includes P&P.

8" SPEAKER KIT Two 8" tywn cone rktmestic speakers.
E4.75 Per stereo pair plus (1.70 p&p. when purchased with
wnpli tier Aini-latle separately 0.75 o us El 70 P8in

PRACTICAL ELECTRONICS
CAR RADIO KIT
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 Aire and the solder, featured in Practical Electronics
March MU.). Features: preset tuning Ann 5 push button
options, black illuminated tuning scale. The P.E. Traveller has
a 6 welt Output neg. ground and incorporates en integrated
Circuit output stage, a Mullard IF Module LP11131 ceramic
film typo Prealignod and
assembled, and a Bird pro. £10.50
aligned push button tuning unit. Plus £2.00 tl&P
Suitable stainless steel fully retractable aerial Hocking' and
speaker (6", 4"opp.I.
aver able as a kit complete f1.95,nack. Plus E1 15 n&ti

SERIES II

This easy to build 3 band stereo AM,' FM tuner kit is designed in
conjunction with Practical Electronics (July issue). For ease of

Ti .construction and alignment it incorporates three Mullard modules
and an I.C. IF. System. ----0- -.*.r...---... . ,.,

- -..... . ,... ,
z ..447

..,

ONLY

£17.95 plus
£2.50 p&p.

HIGH POWER
AMPLIFIER
MODULES
READY BUILT OR IN KIT FORM

KIT

125 WATT MODEL £10.50
Pius El 1.5P&P

200 WATT MODEL £14.95
Plus El 15pitio

SPECIFICATIONS: 1251 Model
Max, output posse, (RMS/ 125 watts
Operating iroltutie (DCI 50 - 80 max,
Loads 4  16 ohms
Finguency response

measured 0 100 watts 25Hz  20KHz
Sensitivity for 100 watts
typical T.H.D.

50 ISOM, 4 ohms 0.1% 0.1%
°mentions I both models) 205 x90 and 190 x 36mm.
The power amp kit is a module for high power applicat-
ions - ditto units, guitar amplifiers, public eddies, systems
and even hulls power domestic systems. The unit is protected
against shot( circuiting of the load and is safe in an open
circuit condition. A laign safely margin exists by use Of

BUILT

£14.25
Pius 0.15 P&P.

£18.95
Plus (1.15 p&p.

200W Model
200 watts
70  95 max.
4- 16 ohms

400rriV 0 47K
2511z - 20KHz
400mV Qt 47K

TUNER
KIT

generously 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 end inoructians.

ACCESSORIES:
Suitable LS counting elec.:1,010W

for 125W model
SUiU11)10 LS coupling electrolytic

for 200W model
Suitable mains poswr supply

unit for 125W nodal
Suitable Twin transformer power

supply for 200W model

£1.00 situ, 25P p&p.

£1.25 plus 250 p&p.

£7.50 plus £3.15 p&p.

£13.95 plus E4 00 P&P.

30+30 WATT STEREO AMPLIFIER
V.!..L.OUni IV unit in WO, 5.1rnk...11te cabinet, silver tin.st,..r1
rotary Contrail and pushbuttons with matching fascia,
mains indicator and stereo lack socket, Functionssentch
Ice mic magnetic and crystal pickups, tape and auxiliary.
Rear panel features fuse holder. DIN speaker and input
tocket 30,30 situ RMS, 60160 watts peak. For use...nth
4 to 8 ohm sneakers.
Size 144"x 10" approx
BUILT AND TESTED. Plus 03.80 P&P.

£32.90

TV SOUND TUNER KIT
,.is lt,,ttord in E T.I. Cecvrther '81 'Me. Kit Of Parts
including PCB, UHF tittle', I C."1...1:1 components
excluding case, and selector switch. £11.45  £1.50 1)51

 tt
: 4,

ETIIv sown rued

 Transformer £1.50 + £1.50 p&p (p&p free an trans-
former if ordered with kit).  Ready built LP1183 Krxtule
tor .ienuluterf stereo operation £1 .95 + 75p P&P.

MONO MIXER AMPLIFIERS

50 WATT Si, individualiy mined niials If., I S.:a 1/iCI. up:

ICer. ar Meg.), two moving coil microphones and leo auk
diary for tape. tuner, organs, etc. Eight slider controls  six
for level and two for master toss and treble, four extra treble
controls for mic and aux inputs. Size: 13'i-x6',"x3)i-ePP.
Poimis output 50 watts R.M.S. (continuous' for use with 4 to
8 ohm speakers. Attractive
black vinyl case with matching
limo and knobs. Ready to use.

100 WATT

Hrustied
Aluminium
fascia and rot.
my controls.

Size: .11113,1k 14"x4"c1014".
Five vertical sinter controls, Taster V010111.0 tape level, mic
level, deck level, PLUS INTERDECK FADER fur perfect
graduated change from record eke I, No I to No. 2, or vice
versa. Pre fade levet controls (PF L I Iota 'YOU sew the next
disc before Wog it in.
VU meter monitors outp.d. £76.00
100e. R MS output 1200w peak I. P 14.1i11

R C
CALLERS ONLY MAIL ORDER ONLY
323 Edgware Rd, London W2. Tel: 01.723 8432. 21E HIGH STREET, ACTON, W3 6NG.
Open 9.30am - 5.30pm. Closed all day Thursday. Nom. Goods despatched to UK postA addresses only,
Persons under 16 not served`without parents For further information send for institsctions 20p
authorisation. plus stamped addressed envelope. All goods
ALL PRICES INCLUDE VAT AT 15%. despatched within 14 days of receipt of di (let .

All items subject to availability, Prices correct at 1/10)80 and subject to change without notice. RTVC Limited reserve the right to update their products without notice.



FEATURE 

FACTS ON 
DACs AND ADCs 
That doyen of the data sheet, Tim Orr, reaches into his cornucopia and 

brings forth circuits for digital -to -analogue conversion - not to 
mention the other way round. 

The digital world is relatively boring; it's the analogue 
world that stimulates the senses. The analogue world is 

full of colours and sounds, visual images and other sensa- 

tions. Analogue electronics is tremendously good at performing 
many tasks, but it's not too good at precise mathematical corn- 

putations, fast decision making, and long term non-volatile 
storage of information - all of which are the domain of digital 
electronics. Because of this, it is common practice to convert 
analogue signals into digital codes and vice versa in order to get 

the best performance out of a product. The device which con- 

verts analogue signals to digital codes is known as an analogue - 

to -digital converter (ADC) and one that performs the opposite 

task is called a digital -to -analogue converter (DAC). 

Several applications of converters are shown in Fig. 1. The 

audio delay line is used to process musical signals and to 
generate several audio effects. These include phasing, flanging, 

chorus, reverberation and echo. All of these can be produced 
with analogue electronics, but it is now possible to obtain 

(a) 
SELECT DELAY TIME 

PROCESSED 
OUTPUT 

DIGITAL 
MEMORY 

INPUT 
ADC 

DAC O 

(b) 

INPUT 
O 

(0 

INPUT 
O 

(d) 

VIDEO 
SIGNAL 
o 

ADC 

ADC 

ADC 

VIDEO FLASH 
CONVERTER 

FEEDBACK 

TAPE RECORDER 

DIGITAL 
MEMORY 

ADDRESS 
LOGIC 

DAC 

DAC 
OUTPUT 

-0 

SCILLOSCOPE 

VIDEO 
FRAME 
STORES 

VIDEO 
EFFECTS 

UNIT 

Fig. 1 Applications of ADCs and DACs. (a) audio delay line (b) digital 

recording (c) transient recorder/oscilloscope memory (d) video effects 

desk. 

FAST 
DAC 

VIDEO 
OUTPUT 

superior performance with a digital design. The best signal-to- 

noise ratio that can be obtained from a tape recorder without 
any signal processing is something like 65 dB and it's a figure 
that doesn't seem likely to change too much. However, it is 

possible to obtain a 90 dB signal-to-noise ratio using a digital en- 

coding and decoding system. The digital data can then be 

recorded by the tape recorder; the system now has the physical 

characteristics of a normal tape recorder, plus the improved 
noise performance of the digital system. 

Converters are also used in oscilloscope memory systems 

as a replacement for storage scopes. Very fast converter tech- 
niques are needed if the system is going to have a wide band- 

width. The digitization of video signals is the most demanding 
of all in terms of the conversion speed. Bytes of data describing 
the luminance and chrominance information of each point of 
video are generated at about 18 bytes per microsecond (four 
times the sub -carrier frequency). This data is then stored in a 

frame store, where it is manipulated to produce various effects 
such as shrinking the picture size and keying it into another pic- 

ture. Video converters (ADC) are unique in their method of 
operation. If you were to open up a six bit video ADC you would 
discover 64 comparators in parallel. One input of the com- 
parators goes to a potential divider string, the other inputs are 

connected to the video signal (Fig. 2) This is the only way you 
can perform a six or eight bit conversion in 60 nanoseconds! 

Other uses for converters include input/output devices for 
computer analysis and digital filtering of signals, direct digital 
synthesis from waveform tables, harmonic synthesis, automatic 
testing of electronic products and sequence and parameter 
generation for music synthesizers. 

Using Converters 
An ADC is a measuring device. It has an analogue input 

which it converts to a binary code. The resolution with which an 

Fig. 2 Small 
+VE 

section of video 
ADC (flash 
converter). 

VIDEO 
INPUT 

FAST COMPARATORS 
(64 FOR A 6 BIT DEVICE) 

BINARY 
ENCODER 

OUTPUT 

e 
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ADC can describe a voltage is determined by the bit size of the 
unit. The input is quantized into 2^ equal steps, where n is the bit 
size of the converter. An eight bit ADC, for example, can résolve 
the input into 26 (which is 256) equally sized steps (Fig. 3). The 
same is true for DACs; in fact most ADCs are constructed out of 
a DAC plus some test circuitry. 

The noise performance of DACs can be specified in two 
ways. First, as a static device where the input binary code does 
not change - the output noise level will probably be very low, 
but it is likely to contain digital noise from surrounding elec- 
tronics. If care is taken to separate analogue and digital grounds 
then this source of noise should be minimal. Second there will 
be noise present when the DAC is generating a dynamic output. 
This noise is known as quantization noise and is caused by the 
limitations of the resolution of the converter. The dynamic 
range of the converter is the ratio between the full scale output 
and the smallest output step and can be calculated using the following equation; 

dynamic range = 6 x n dB. 
Therefore an eight bit DAC will have a 48 dB dynamic range. 

Noise is also a problem in the ADC. If the quiescent noise at 
the ADC input is greater than 1 LSB (Least Significant Bit) then 
the ADC will generate a dithering code in an attempt to 
measure that noise. If the input noise is less than 1 LSB then it is 
possible to DC -shift the input voltage so that the ADC ignores 
the noise in the quiescent state. This is a free noise gate! It is a 
common trick in audio converters to use a small DC shift so that 
the quiescent noise doesn't cause a major code change with its 
attendant high noise. Converters suffer from many problems, 
such as quantization noise, non -linearity and step size ir- 
regularities. The latter fault is shown in Fig. 3. At best a DAC 
should have equally sized quantization steps, but the usual 
manufacturers specification is for graded parts with tolerances 
of ± 1 LSB, f tip LSB, ± 1/4 LSB. When a DAC has an accuracy 
of worse than ± 1, then it is known as non -monotonic; that is, 
for an increasing binary input code, there are places where the 
output actually decreases. A device which does not suffer from 
this is known as monotonic. Errors of this nature cause harsh 
harmonic distortions in audio systems. 

t 
DAC 

OUTPUT 

1 LSB 

ERROR IS GREATER THAN 1 LSB 
DAC IS NOT MONOTONIC 

INCREASING BINARY INPUT -- 
Fig. 3 DAC errors. 

Converters can be tested using the system shown in Fig. 4. 
The transfer function will reveal how well the overall system is 
working, but the error plot examines in fine detail the inherent 
errors. The biggest error will probably occur at the major code 
change in the centre of the range. The dynamic distortion can 
also be measured using a standard THD measuring technique. 

A typical converter system is shown in Fig. 5. Several pro- 
blems will manifest themselves when the system is operating. 
ADC conversions will occur at regular intervals and this conver- 
sion frequency will determine the bandwidth of the system. If 
the conversion frequency is Fe then the theory for sampled data 
says that the maximum bandwidth the system can handle is less 
than 1/2 F . If the input signal has harmonics which are higher in 
frequency than this, it is possible that modulation between the 
input signal and the conversion frequency will generate 

N 
INPUT 

SCOPE 

2ND BIT 
ERROR 

TEST TEST 
ADC DAC 

SUBTRACTO ROMIPI 

1LSB 

MSB ERROR 2ND BIT 
ERROR 

2" SAWTOOTH WAVEFORMS 

MAGNIFIED VIEW 

Fig. 4 Testing converter systems. 
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DIGITAL 
DATA 

DAC 

n BIT 

DE- --I GLITCHER 
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F 

RECOVERED \! -10.- ANALOGUE 

LOWPASS OUTPUT 

FILTER 
RECOVERY 

FILTER 

Fig. 5 A typical ADC/DAC system. 

spurious sidebands whose frequencies fall within the system 
bandwidth. This effect is known as aliasing; it sounds like ring 
modulation, and it is totally unwanted. The way to remove it is 
to band -limit the input signal with a steep cut-off low-pass filter 
(known as an anti-aliasing filter). Usually an elliptic filter struc- 
ture is used as this has a very sharp roll -off slope. Even with a 
sharp filter response aliasing can occur, so the break frequency 
of the filter is usually set at 0.4 to 0.3 of the conversion frequen- 
cy. The DAC output is also similarly filtered to recover the 
original waveform and to reject the high frequency harmonics 
caused by the quantization process (Fig. 6). 

DAC 
OUTPUT 

FILTERED 
OUTPUT 

Fig. 6 Thé use of a recovery filter. 

FC, CONVERSION FREQUENCY= 
T Hz 

BREAK FREQUENCY OF 
LOW PASS FILTER = 0.3 X FC 
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FEATURE : DACs and ADCs 

Unwanted glitches can often be seen at the DAC output 
(Fig. 7). These are caused by the data that drives the DAC being 
skewed in time and also by race conditions inside the DAC. Glit- 
ches tend to be largest for major code changes. Much of the 
energy spectrum of these glitches lies within the system band- 
width and so they cannot be removed by low-pass filtering. 
However, they can be snipped out with electronic switches or 
smoothed over with fast -acting sample and hold units. 

GLITCHES 

Ii 

DAC OUTPUT WITH GLITCHES 

THE GLITCHES GENERATE 
UNWANTED NOISE 

DAC OUTPUT AFTER 
DE-GLITCHING 

THE HARMONICS OF THE 
SLOTS' WILL BE REMOVED 
BY THE OUTPUT FILTER 

DE-GLITCHER COMMAND 

LARGE GLITCH CAUSED 
BY A MAJOR CODE CHANGE 

Fig. 7 Deglitcher operation. 

OV 

In order for the ADC to produce a conversion without 
errors, the input signal should be stationary. A sample and hold 
unit is used to freeze the input signal, with a droop of less than 1 

LSB, while the ADC produces a conversion (Fig. 8). Figure 9 
shows the system timing diagram for Fig. 5 assuming that an 
eight bit ADC is used. 

SAMPLED WAVEFORM 
SHOWN SLIGHTLY 
DISPLACED 

*GOOD DEVICE TO 
USE IS AN LF398 
(NATIONAL 
SEMICONDUCTOR) 

SAMPLE (TRACK) 

ANALOGUE WAVEFORM < HOLD 

SAMPLE 

HOLD 

SAMPLE INPUT -- 
CONVERT S&H INTO BINARY NUMBER 

HOLD 

ONE CONVERSION PERIOD 

Fig. 8 Sample and hold operation. 
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SEND DATA 1 
TO DAC 

SAMPLE AND 
HOLD LOGIC HOLD SAMPLE 

Circuits 
DACs can be purchased as whole units or they can be 

assembled out of assorted electronic parts, as shown in Fig. 10. 

(a) (b) 

MSB 

LSB 

PRECISION 
BUFFER 
(40416) 

VOLTAGE 
FOLLOWER 

R= 100k 
2R = 200k 

HIGH 
TOLERANCE 

MSB 

LSB 

HIGH 
TOLERANCE 

, 
' 
, 

(120k) 

(4041B) 

R/2FACTOR) (SCALE 

32R PRECISION 
(240k) 

BUFFER 
OUTPUT 

R 

(7k5) 

2R 
(15k) 

4R 
(30k) 

8R 
(60k) 

16R 

Fig. 10 Two DACs using discrete components. (a) R/2R DAC (b) 
(b) binary power resistance DAC. 

The R/2R network is often used because you only need two 
values of precision resistors. You can obtain high accuracy us- 
ing this circuit if 100k and 200k resistors are used, but the speed 
tends to be a bit slow. The binary power network requires a large 
range in resistor values and so is often limited to small bit size 
DACs. Both of these circuits can be used as DIY DAC implemen- 
tations. Monolithic DACs use various resistor networks and cur- 
rent steering designs. I once opened up a 16 bit DAC to discover 
that the top eight bits were made from laser -trimmed precision 
resistors, while the bottom eight bits used a standard cheapo 
eight bit DAC. 

ADCs can also be purchased whole or they can be con- 
structed out of separate circuit elements. Generally an ADC 
contains a DAC plus some sort of test logic. The counting ADC 
shown in Fig. 11 demonstrates this. The clock signal causes the 
binary counter to count up, which in turn causes the DAC to 
generate a rising staircase waveform. When this is equal to VI 
the clock is disabled, and the output word is the digital 
equivalant of the analogue input. Another type of counting 
ADC uses an integrator instead of the DAC to form a device 
known as a dual slope ADC. These devices are capable of very 
high accuracy (up to 14 bits), they are relatively low cost, but 
they are rather slow; some devices only produce a few conver- 
sions per second. Counting ADCs are often used as the basis for 
digital voltmeter chips (DVM). Figure 12 shows such a device. 
The input voltage is directly converted into the data to drive a 
31/2 digit LED or LCD display. 

CLOCK 

COMPARATOR 

Fig. 11 A simple counting DAC. 

OUTPUT 
WORD 

Fig. 9 The timing diagram for the circuit in Fig. 5. 
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Fig. 12 DVM chips and application circuits. 
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Fig. 13 A logarithmic ADC can be constructed quite easily. 
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EXPONENTIAL 

ADCs which use linear integrators have a linear transfer 
function. If the linear integrator is replaced with an exponential 
waveform then the ADC will then have a logarithmic transfer 
function (Fig. 13). This circuit is useful for converting a unipolar 
input into a logarithmic quantity, such as voltage. into decibels. 

Fast ADC conversions need a more speedy method than a 
counter; for example, a counting eight bit ADC may need to 
count up to 256, making a test on each count. This is slow. 
However, by using a successive approximation register (SAR) a 
22 

result can be obtained in a mere eight tests, which makes the 
whole process 32 times faster for an eight bit conversion. The 
ZN427 is an ADC which employs this method (Fig. 14). A digital 
number that represents the value of the input voltage is 
generated by performing a series of tests. A start conversion 
signal (SC) initiates the process. The SAR sets the MSB to a logic 
1 and all the other bits are set low. The DAC produces half the 
full scale voltage and compares it to the input signal. If the DAC 
voltage is greater than the input voltage the MSB is set low; 
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Fig. 14 ADC conversion using a successive approximation register. 

device (the ZN427). The conversion time for this device is eight clock 

cycles; the timing diagram shows how this is accomplished. 

otherwise it stays high. On the next clock pulse the SAR tests the 
second bit and then sets it to the appropriate state. The SAR 

continues to test all the other bits in sequence. When it is fin- 
ished it generates an end -of -conversion (EOC) signal. The digital 
code then driving the DAC precisely represents the input signal. 

SAR units are available as separate ICs, as shown in Fig. 15. 

In this circuit an eight bit SAR is used in conjunction with an 

eight bit DAC and computer to build an eight bit ADC. Different 
size SARs are available for larger converters. Figure 16 shows 
the same DAC used on its own. The DAC0800 is a linear eight bit 
multiplying current output DAC - the input reference current 
is multiplied by the input binary code. With this particular 
device a 40 to 1 reference current range is possible. Linear con- 
verters can be used for audio applications, but an eight bit con- 
verter only has a 48 dB dynamic range. This makes audio signals 
sound very crunchy at low levels. One way to overcome this 
problem is to use external audio compressors and expanders to 
effectively increase the dynamic range (a Signetics NE570 for 
example). Another solution is to use a companding ADC/DAC, 
as in Figs. 17 and 18. This device has a bipolar piece -wise - 

segment logarithmic transfer function; small signals are defined 
with far more resolution than large ones. The result is that the 
dynamic range is increased to 72 dB, but at the expense of in- 

creased quantization noise. This quantization noise is not 
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Fig. 15 An eight bit linear DAC using the DAC0800 plus an SAR unit. 
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Fig. 16 An eight bit linear DAC. 
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FEATURE,: DACs and ADCs 

Fig. 18 An eight bit ADC using a companding DAC. 
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noticeable on speech waveforms, but it can be heard when low 
frequency tones are converted. 

Design Method 
When designing a converter system the fol lowing decisions 

should be made. Select the bit size of the system on the basis of 

'OD- 
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13 13 
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O o 
--15V +15V 
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OUTPUT 

DATA 
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VLC 
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10 

dynamic range, resolution, noise performance, and decide bet- 
ween a linear system or a companding one. Select a system 
bandwidth and from this determine the clock frequency and 
the break frequencies of the filters (if you are going to have 
filters). Draw out the system timing diagram, then the circuit 
diagram. There is now a very wide range of parts to choose from, 
so a look through as many current data books as you can 
manage is advisable. ETI 
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S A ( shoos

(175
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£24
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LOW PROFILE
DIE SOCKETS

8110 9D
lope I 1p
16 Pp 1211
10 Lin 15p
22 p4t 219
24 PO 24p
:BP" 26p
40 Pc 29p

016310512130 CARD
511077111 YOUR PROJECT
WITH A PROTOTYPE
BREADBOARD W1111 EXTRAS'
But Board Et 1.4.-ar1t (XI
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SACO PACHLA BLASTER -
PROGRAMS MOST FAMILIES
OF EPRONS1
Eloolsoard £49

ft!Promeren
Ka (17S
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TIL2(1) red
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TI1212 yehwe
TI216 red
T14.21.6
1112231,d
111224 LvIrre.
111311
111312 3
111.321 A
TIL330A

lop
10p
18p
lip
lip
200
12p
lip

£525
£1.00
C1.16
5.15

VOLTAGE
REGULATORS
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760$6.
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70065.
791212v
103nA
7111300r
711'2 12.
500mA
79M12 12v
7951055.
773
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549
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SUBSCRIPTION ORDER
FORM

Cut out and SEND TO :
Electronics Today International,

513, LONDON ROAD,
THORNTON HEATH,

SURREY,
ENGLAND

Please commence my personal subscription to ElecUonics Today
International with the issue.

SUBSCRIPTION
RATES

(tick Li as appropriate)

E11.95 for 12 issues

I am enclosing my (delete as necessary)
Cheque(Postal Order/International Money

Order for
=CZMID

U.K a
(made payable to A.S.P. Ltd)Et 5.75 for 12 issues

ORI overseassurface
E35.75 for 12 Issues Debit my Access/Barclaycard'
Air Mail 0 (*delete as necessary)

I

I
I
I

1 Date

Please use BLOCK CAPITALS and include post codes.

Name(MrIMrsIMiss)
delete accortlingly

Address

tadaY
n

NIEW DIESI.,Gielp
'TRY!

PcMckrilifs!cliNKKIES
s°r1

TO MAD
VOICE-OVERFOR 1:1.1i3

dale''STAVE

Y-6014
LICENCE!

ti

A

Drive safely
with our DIY IMP
Alcohometer -
EXCLUSIVE

REVEW-
CASIO'S
ItetHAND-HELD COMPUTER

llootioNtanscaNINOTO. mei sw Nominee.
14147.z44,144 Moral Yee e Computer CA440r. IMMO

NOODSCS..

Eralle11111111111111111

SloasmC,10

sllissalan

SUBSCRIPTIONS
The magazine you hold in your hand is the

biggest seller in the UK electronics field.
Why risk your newsagent running out?
Take out a subscription using the form

provided, and make sure of getting the next
Signature 12 issues. Don't you deserve not to miss out

on the best?A=eirig* .m0I= NM ME I= NM SIM
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Computer Chips LOW POWER CHIPS
Z80A
Z80A bio

4.50
3.95

14LSO1 '3
02 14
CO 14

75
76
78

Zd
20
45

1E0
161

162

M 249
50 251
75 253

75 367
75 368
75 375

Z80 CTC
Z8000

3.95
1.20

Cit 20
05 15
09 23

83
85
86

75
1E5

29

164
166
166

75 254
135 258
210 259

75 377
75 378

1E0 379

8080
8085

3.50
6,50

LS 40
15 20
20 15

90
91
92

Z
BO

93

189
170
173

210 260
190 261

75 266

75 381
260 386
25 393

F8
TMS 9900

9.95
30.00

21 15
22 18

26 18

95
96
107

99
110
45

174
1Z
181

72 273
60 275

155 279

90 393
320 395
330 396

6800
6802
6809
1702

3.70
5.00

14,95
3.75

27 22
29 33
30 17
33 16

37 16
39 16

109
112
113
114
122
123

33
50
50
35
60
50

193
191
192
193
194
195

85 293
85 233
75 290
75 293
99 296
99 293

315 393
130 339
130 424
55 445
65 447
40 493

201-45Ons
2102-450ns

2,45
.99

40 20
42 40
47 93

124
133
136

120
33
33

196
197
202

99 299
120 324
335 325

40 699
65 6E0
50 670

2111-453ns
2112.450ns

2.32
2.32

48 93
49 99
51 15

145
151
153

93
75
40

221
241
242

75 326
99 327
99 352

90
70
65

2114L-450ns
2142L2

1.30
10.50

54 20
56 30
63 150

154
156
156

160
50
50

243
245
247

99 353
110 356

75 366

2708 2.40 73 25 158 75 248 75 366

2716(5y) 2.95 Computer support chips
2532
4116 300ns

5.95
1.50

F8SM1 9.96 2513 6.50 9083 1.96
81LS95 1.15 5303 6.32 6852 4.25

8295
8251

4118 250ns 4.95 81LS26 1,15 57109 12.43 0M8096 2.60 8253

5204 7.95 811.597 1.15 57160 9.95 DM8131 2.63 8255

6810 2.50 DMBILS98
ST 26A

1.15
1.35

57161
6502

9.56
4.50

8154 11.50
8155 12.50

8257
8259

6821 3,35 13T 284 1.80 6520 3.95 8202 55.00 DP8303

61161CMOS) 10.50 81 95 1.35 6522 6.50 8212 1 70 8678
ST 96 1.35 6532 795 8216 1 70 8602
ST 97 1.35 6545 17 50 8229 250 9602
ST 98 1.80 6576 14.95 9226 2.20 AY -3-8912
ADC0811 14 47 6845 9.50 E12213 2.50
MC 14411 11 95 6850 3.33 8235 4.20

MAIL ORDER
TEL & MAIL ORDERS ACCEPTED

Minimum tel. order charge £15

256
30
75
75

139
190
275
199
450
140
195
150
105
105
170

11.00
3.96
7.26
4.35
7.96

11.95
3.50

12.95
2.20
6.50
695

.156" Solder tail SAC series
ledge corm.)
6/12 1.75 IPETI

10/20 2.00
12/24 3.00 WET /IEEE)
15/30 3.20 iKevbeardl
18/36 3.50
22/44 3.65 Mint)
36172 3.90
43/86 lexorciserl

.1" Wire wrap 7000 series
(edge corm.)
20/40 3.00
22/44 3.20
25/50 3.50

,170 4.60
40/80 5.00
43/86 5.80
50/100 5.80

.1" Scotchflex edge
connector RD67 Series
RD6734 4.60 {Disc drive 5",

TRS 9) etc)
RD6740 5.30 (TRS 80 etc)
RD6750 6.00 ir disc drives

etcl

125 S100 edge connector f4.00

Ribbon Cable
10 way .65 metre
14
16
20
26
34
40
so
60

.90 m
1.20 m
1.40 m
1.60 m
2.40 m
2.90 m
3.30 m
4.00 m

.90
1.20
1.40
1.60
2.40
2.80
3.30
4.00
5.50

I/O Connectors
Type RD6 xx
Female - ribbon
cable mount, two
rows of skt on .1
pitch.
Type RH62 xx
Right angled male
PCB mount (two
rows of pins on .1
pitch)
Type R1 61 xx
Cable mount version
of RH62xx series

No of RD63 xx RH62 xx R161 xx

10 1.60 2.20
16 2.93 3.50
20 2.33 3.40
26 2.70 4.03
34 3.30 4.93
40 3.75 5.40
9) 4.60 6.03
60 6.00 6.25

520
590
690

25 Drype male !sok:ell 2.93
25 D type female [solder' 3.90
Plastic cover for above 1.60
25 D type Scotchflex male 495
25 D type Scolchfgx hennas 595

59/61 THEOBALDS RD.
LONDON WC1

TEL. 406 5240,2113
TLEEX 24224. REF: 1422
ALL PRICES EXCLUDE

VAT + P&P

TRAI\IAAA
WHERE COMPUTING COUNTS

.0`ov:051e.v5t0' LB ELECTRONICS ci3O°S 0015 TELEPHONE
sOk' UXBRIDGE 55399

SUPERSALE '81
All full spec. brand new devices.
2114 (493ns1 £1.00, 4116 1203ns)
E1.115, 2703 C1.95, 2516 (single rail!
£3.00. NEC 2732 95_50, 2532 (8.00.
2114 120Ons) £1.40, NP 35p on
above devices.
&and new and boxed, Lie
Detector. Made for the Open
University. site: 150mm !length)
x 100mm !width) x 90mm
(height). Complete with 100
mien:ramp motor movement 90rnm
x 75mm. Suppled complete with
leads and pads, less batteries 12 x
4.5v) £7.50 + £2 pip.

SELF-CONTAINED battery
powered digital recorders.
Complete with data entry key-
board with 10 dioit LED display
plus modem interface and charger.
Some date £36 per system. Sorry,
callers only.
ZETTLER low profile PCB relay
30mm 38mm 4.8/6.9v 0.c.
2:2.5 amps a -c. contacts. 859 plp
35p.

9 TYPE CONNECTORS
9 Way Socket isolder) 759
15 Way wf rewrap plug £1.00
37 Way Plug !solder.) £1.80
37 Way Socket (solder) (1.80
25 Way Plug )solder) £1 85
25 Way Socket (solder' E1.8$
25 Way Plug lesulation
piercing) £2.66
25 Way Socket (Insulation
piercing) £265
50 Way Plug (solder! (2.00
PiP on above 35p

COVERS
37 Way !Plastic) 91.00, BO Way
(Plastic) (1.20, 25 Way !Mastic)
96p, 25 Way !Metall £1.25, 25 Way
(Metal) ITT Open £1.00, 15 Way
1Plasticl 60p, 15 Way I Metall 9Sp
P/P on above 35p

DISPLAYS
HP 5082/74144 digit DIL display
full spec £1.50 each, p&p 35p.
Large quantities POA.

HP5092/7650 .4"cc, loft and
right decimal point, high bright-
ness, only 65p, 12 for 0.50, p&p
35p.

SUPERSAVER 1
DIL header Plugs !No covers)
14 way 18p, 16 way 25p. 24 way
95p fell gold plated) pip 359.
Ansley Header plugs. 14 Way
75p, 18 Way 95p. 24 Way £1.50.
[Insulation piercing type) pip 35p.
Ansley L'O Header plugs PCB
Mounting .tin 26 Way straight
65p.40 Way ria El pip 35p.

SUPERSAVER 2
Tantalum Capacitors 25 volt. 4.7
uF, 14 lor El, p&p 35p.

SUPERSAVER 3
PRICE SMASH FND500 .51n.
LED displays, full spec 650
each, p&p 35p, large quantities
POA.

SUPERSAVER 5
3M 34 way (17 x 17) .1" insulating
piercing edge connectors for disc
Owns etc. E3 SO each, p.'ir 359.

SUPERSAVER 6
VIDEO LEAD

114 metres with PL259 plug E1.00
Pie 359

SUPERSAVER 7
Thyrietors Type 18 Ria 100 Vrrm
1000 Volts at 22 amps £1.65 each.
Limited mock, pip 35o
Stud mounted rectifiers, type 40
HF 100 1250 volts, 40 amp, 4 fa
6250 pip 35p

SUPERSAVERS
ONE ONLY - TEXAS SILENT
700 TERMINAL RS232 110 baud.
As new - 1235. Carriage at coat.

SUPERSAVER 9
KELLEMAN EPROM Programmer
lilt 120G Bull (300  VAT. S.A.E.
for tut descriptive leaflet.

SUPERSAVER 10
Tangerine Microtan 65 Epdok PCB.
Brand new plus circuit diagram
£4.60, p.'p 50p 16932 based. 11E on
board).

HARRIS HI 1.10608A/2
. CMOS El Channel MUX plus over.

%ohne protection. Full spec. £4
etch, pip 35p. Trade enquiries
welcome.

SUPERSAVER 12
2.5 power plug and 2 metres of
cable. Only f1.133 for 10 OP 259.
Trade enquiries welcome.

SUPERSAVER 14
BOX FANS 115V 50/60H:.
120nim x 120mm. New. £4.50.
PIP £1.00.

SUPERSAVER 15
5K Va.' multiturn trimpots. PCB
mounting. per box of 14 £2.50.
As above 1K and 50K. p&p 35P

SUPERSAVER 16
OPTRON OPTO SLOTTED
SWITCH (Type OPB-814) El,
p&p 35p.

SUPERSAVER 17
VU METER iittlrnei x 50mm ap-
prox. overall size. Face size
50mm X 28mm approx. Brand
new. E1.15 p&p 30p. !Sent at
purchaser's riskl.

SUPERSAVER 18 SALE
PCB AMP ILM3801. Unused.
65rirni x 96mm approx. 912v
DC. 65p pap 35p.

SUPERSAVER 19
10 DIGIT Med). LEO display.
(.122in. digit size). With builtin
driver chip and bufit.in lens
magnifier. Data street supplied.
Brand new. E1.50 06p 35p.

SUPERSAVER 20
41/zin, JUMPER LEAD. 16 OIL
treader to 16 OIL header. 95p
p&p 30p.

SUPERSAVER 21
21/zin. JUMPER LEAD. 14 OIL
header to 14 OIL 'reader. 65p
p&p 3Dp.

SUPERSAVETV12
11b reel of sal r G 64/36
alloy £1501 9P,

SW

A TERRIFIC AWAY. MC
1489 RS232 RECE R. Brand new
46p each. 10. for (3.50. Large
au/Inman po.a. Ead030P.

SUPERSAVER 23
16K EPROM PCB 275rem x
113rem takes 8 x 4K eprams
address decoder logic ranged as
16K x 18. Sorry no data. 0.60

301).
JUST ARRIVED large quantity of
assorted Microwave Wave GAOL
various bands + noise sources
from £5. Cakes only.

CMOS SCOOP
CD4012 10 for £1.50, CD4013 10
for 12.26, CD4018 600 each,
C04019 10 for 0.8S, CD4022 10
for £4.00, CD4023 10 for £1.30,
C94027 10 for £3.00, CD4035 10
for £6.00, C04049 10 far (2.26,
CO4C60 10 for 0.50, 3Sp per
let.

GIVEAWAY 18 pin low profile
dil socket 13p EACH or 8 for £1

AUGAT IC SOCKETS
!The best available)

16 Dil 20p 24 DI 50P
19 Dil 25p 4000 55p

WE STOCK a vast range of TTL,
CMOS. soma 74LS. MINIATURE
TOGGLES, etc.
PSUe. We have a large stack of
power supplies at very realistic
prices (callers).

NEW LINES
GUEST (gold plated) IC test clip.
40 way, 28 way 91.50 per pa',.
Pip 50p.
REG PCB liens components), 5V
1 amp, 12V 1 amp and heatsrnk
160mm x 90mml. Brand new,
£1.00. Heatsink only, 65p. PIP
25o.
NEC FlP41113 4 digit glass
display igreen with centre
colons and plus and minus
sign), only £1.35. P/P 30p

PI.259 SOCKET CHASSIS
MOUNT. 50p p&p 30p.
TRANSFORMERS 012, 024 1

amp £2.50, P&P 50p. 012.5 0.92
amp £2.50, P&P 50p
TTL SALE 7410 9p, 7413 18p,
7416 18o, 7490 28o, 74155 45p,
74174 60p, 74181 74285 £2.25.
KIP 35p
WHY PAY POUNDS? - Just ar-
rived Amphenol 36 -way plug
and socket (used? to fit all your
printer. Only (2.75 per pair. PiP
35p.
Terms cash with order lofficial
orders welcomed from col-

. lege% etcl. All enquiries s.a.e.
please. All prices inclusive of
VAT, unless otherwise stated.
Postage as shown per item.

STOP PRESS
MK4027 (or equivalent) 260NS

£1 each,11 for 0 pip 369

PLEASE DO NOT ORDER
GOODS FROM OLD ADVERTS.
PHONE BEFORE ORDERING.

SURPLUS STOCKS
PURCHASED
FOR CASH

?

LB ELECTRONICS
11 HERCIES ROAD

HILUNGDON. MIDDLESEX
mid eLS, ENGLAND

All enquiries s.a.e. please
Telephone answering machine
service out of business hours.

New retail premises, now open
Mon. Tues, Thurs, Fri, and Sat.
9.30.6.00 Lunch 1.2.15
weekdays. Closed all day Wed-
nesday. We are situated just oft
the A40 opposite Master
Brewer.
ALL PRICES INCLUSIVE OF VAT

UXBRIDGE 55399
All cuponents till snec.
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DANAVOX
ARE ALWAYS COMING UP

WITH SOUND IDEAS.
s\ Is

STETOC LIP
JUNIOR 60
HEADSET

STANDARD &
SUB -MINOR
EARPHONES

STETOCLIP
LIGHTWEIGHT

HEADSET

PLASTIC
EARHANGERS

SENIOR
STETOCLIP
HEADSET

DANAMIC FIDELITY
EARSET

t)arta vox odvox )6A
aost up...e11,-..  r  14

- . .

INDUCTIVE LOOP AMPLIFIER TYPE 36A

FIELD STRENGTH
TESTER FSI

The Danavox policy has always been one of
constant improvement.

Our refinement, development and research
has enabled us to offer an advanced range of
components and accessories for dictation
machines, tape recorders, tele-communications,
hearing aids and electro-acoustic equipment.

All our products are built with care and
precision.

And all carry the Danavox guarantee.

STETOCLIP
GEMINI

HEADSET

if

STETOTUBE
HEADSET &

SOUND PLUG

SUBMINIATURE
SWITCHES

For more information about
any Danavox product,
contact John Carter.

DANAVOX (Gt. Britain) Ltd.,
1 Cheyne Walk, Northampton. NN1 5PT
Tel: (0604) 36351 Telex 312395

STETOMIKE
HMT 808

2,5mm 3,5mm
JACK PLUGS &

SOCKETS

DANASOUND
HEADSET
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AUDIOPHILE 
From the country that brought you the Alps, a new peak in hi-fi 
receivers. This month Ron Harris listens to the Revox B780; there's good 
news for seekers after dbx discs, too. 

No will power at all, some people. Just can't resist doing 
something for no other reason than that they want to. 
Weak as British Rail tea... I've wanted to try out the 

Revox B780 receiver ever since it came on the market and so it 
took little self -persuasion to begin submitting to my urges again. 

Take a look at the photo and perhaps you'll understand the 
interest. Much as I abhor unnecessary circuitry in audio equip- 
ment, such a front panel still exerts the siren call of technology 
pretty loudly, does it not? What's more, there doesn't seem to be 
much there that is not needful unto mine ears. Intriguing. 

Ostensibly the B780 is an FM -only receiver, specified at 
70 W per channel into 8R, which has 18 preset stations and syn- 
thesised tuning. The amplifier section will also allow, by use of 
electronic swtiching, one input to be recorded while another is 
replayed. There is facility too for fitting Dolby circuits onto the 
tuner section - should Dolby broadcasts ever lurch from their 
grave and threaten our bureaucracy with better sound quality. 

The digital displays on the panel show tuned frequency, 
tuning 'mode' or station and input/output selected. That 
chrome strip along the top edge hinges down to reveal yet more 
controls, such as threshold for stereo and mute, speaker select, 
tuning meter and record on/off. 

Panel Tuning 
The presets are accessed by use of nine buttons, each of 

which stores two stations. A tenth selects the 'mode' for the 
switch at the time of use. The display indicates which part of the 
memory you are addressing. 

No wonder they need an MPU to control this lot, it's just a 
little complicated!The central tuning strength meter unusually 
displays in microvolts, giving a direct reading of station strength. 

Battery back-up is provided to ensure that the 18 stations 
you spent hours entering into the B780 (assuming you can find 
18 stations) are not lost when you switch off for the evening. 

Tuning between locations on the band is done digitally in 
steps of 25 kHz, although precise station frequencies can be set, 
using the station selector as a 0-9 keyboard! 

Ample Tones 
The amplifier section boasts a mid -range tone control - 

'presence' if you must. This acts at around 3 kHz and could be 
useful in particularly heavily furnished rooms, for example, or 
to correct dull -sounding loudspeakers. I suspect, however, that 
if you can afford a B780 you are more liable to have trouble can 
afford a B780 you are more liable to have trouble with the 
Chesterfield and Chippendale than cheap speakers so the 
former is the more likely reason! 

Filtering is fairly gentle at 12 dB/octave below 50 Hz and 
above 8 kHz when selected. Pretty innocuous really and at this 
price I think something better should have been provided. As 
the treble control has the same turnover frequency as the filter, 
one of them is redundant by definition. 

Heatsinking for the power amp is more than adequate, oc- 
cupying most of the back panel of this massive unit. (The B780 
weighs 37 lbs and measures 18" x 61/2 x 171/2 . You won't move 
it around very often). This also constitutes the major complaint 
against the Revox, in that it is practically impossible to get at the 
sockets on the back panel. The heatsinks overhang them by 
around four inches, thus rendering any hope of making connec- 
tions from above a forlorn one. Ridiculous. 
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Testing Again 
Test bench results for the tuner simply got to show how far 

the electronics side of hi-fi has progressed. My test equipment 
had its limits exceeded on just about everything. The tuner is 

technically well-nigh perfect given the limitations of the signal it 
has to receive. 

The amplifier is a first-class design also, while not being 
the pargon of virtue it would need to be, to match up to the FM 
circuits. The power output is well above spec, delivering over 
917 W across the whole audio band. Burst power at 1 kHz ex- 
ceeded 160 W, showing good headroom. Burst power into 4R 
was not so well maintained as it might have been, and this could 
mean that the B780 could encounter difficulty with awkward 
loads. Throughout my tests no problems occurred with any of 
the units we tried, so don't let this deter you if you're B780 
bound. 

Noise figures are exemplary, as are distortion factors. 
Power bandwidth is a little wide at 130 kHz, especially as the 
disc input is wide open for most of this. Overload on this input 
was high at around 30 dB. 

In Listening Use 
One undeniable consequence of such massive precision 

engineering is to inspire confidence in the user. Switch the 
Revox on and it is inconceivable that it will not work, effortless- 
ly, first time and forever. Which it did. (Once I'd spent two hours 
trying to connect up to those dumb sockets.) 

The tuner is totally beyond reproach. It produces an FM 
reproduction which left anything I compared it to for dead. If 
you want to hear how good FM really can be, listen to this! As 
the unit is available separately as a stand-alone unit then that 
gets my wholehearted instant recommendation! Eighteen 
presets I can't use and the two function buttons are 'fussy' in 
use. 
up and a Mayware T-24 II step-up. In addition the new Shure 
MV3OH was tried. Loudspeakers? Mainly KEF 105 II. 

The amp proved to have a distinct character, being rather 
'warm' in nature. The dynamics were good and the bass well 
maintained. Mid -range was well portrayed but not as open as 
some of the best specialist units. A top -class performance then, 
and one which would satisfy most listeners, but is a fraction 
short of the super -league. The tuner on the other hand is in the 
highest possible class. 

It is difficult to criticise the Revox - what do you say about 
a receiver that has everything? It is beautifully made, will con- 
tinue to work for ever and gives a first-rate audio performance. 
At around £1000 it is a splendid example of audio technology 
that would grace any system by its presence. 

Tuner Section 

Image Rejection 
IF Rejection 
Capture Ratio 
Selectivity (alternate) 
AM Rejection (75 kHz deviation) 
Freq Response (+ 1 dB) 
THD (1 kHz) 
Sensitivity 
S/N Ratio 

Amplifier 

100 dB 
100 dB 
1.5 dB 
75 dB 
70 dB 
25 Hz -15 kHz 
0.1% 
1.9 uV 
-68 dB (ref 1 mV input) 

Power Output (into 8 R) : 95 W RMS (from 20 Hz - 20 kHz) 
104 W(1 kHz) 
160 W (Burst Power) 

Power Bandwidth: 150 kHz 
IM Distortion : 0.03% 
THD : 0.05% 
Freq Response : 20 Hz - 20 kHz + 1 dB 
Damping Factor : 75 
S/N Ratio : power amp : 90 dB 

phono : 75 dB 
aux etc : 80 dB 

Above: test reults for the Revox B780 receiver. Tuner results would 
place the unit in the "Super -fi" class and are unimpeachable. 
The amplifier section, whilest being very good in themselves, 
do not come up to the same standard-quite. 

Overall, despite the very high price tag of around £1000 the Revox 
offers a good return for the money in terms of sheer engineering. 

dbx Discs 
Following our report on dbx encoding techniques some 

months back, we received some communications from readers 
wanting to know if any of the discs were actually available, and 
if so - where from? 

Diligent research has turned up a company called "Harper 
Music", of Maidstone in Kent. Turns out, once turned up, that 
they have a catalogue of some.58 recordings at present and this 
is constantly expanding. 

They also supply decoders, the most economical for disc 
use being the Model 21 which they kindly loaned us to have a 
listen to dbx ourselves, in somewhat domestic surroundings. A 
number of LPs were also gratefully received so, boxes in hand, I 

adjourned home to wire it all up! 

Left: the Revox rear. Massive 
heatsinks are an idea to be en- 
couraged, EXCEPT in this case. 
Revox have managed to hide the 
I/O sockets underneath the metal- 
work in such a way as to guaran- 
tee a blown temper to anyone 
trying to wire up the unit. 

Also note the DIN speaker 
connections. Tsk. Tsk. On a unit 
of this class? I think not... 
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Above: the Revox with its hair down, revealing the little used and hence well -disguised controls for tuner threshold determination, speaker output selection and record output on/off. 
The blank panel in the centre pulls out to reveal the hidden back-up battery power. This is to preserve the settings on that amazing array of tuner controls. 

Set Up 
The 21 decoder fits into a system at the tape I/P and has the 

facility for replaying encoded tapes, should they become 
available in the UK. Monitoring of tape is possible and a bypass 
switch is fitted for conventional play. No mains on/off though, 
which is a pity. 

To recap briefly on the principles of dbx, it is a compres- 
sion/expansion noise reduction system in which the signal is 
linearly compressed betore recording, then expanded by the 
decoder upon replay. The expansion will drop any noise into in- 
audibility at the same time, and a possible dynamic range of 
90 dB is claimed. (Normal records do well if they manage 
50 dB.) 

As the photos show, the 21 is well constructed and arrives 
pre -aligned, except for output level. Internal presets determine 
the expansion ratio and these are not to be tampered with! 

Disc Or Not Disc? 
The most immediately noticeable effect of dbx is to 

remove the background noise of the LP. Until the music begins 
there is total silence! An unnerving effect, I can tell you. The 
urge is to wind up the volume until you hear something... at 
which 'Police' burst into song at 100 W and you do a back flip 
over the coffe table, ear drums shattered and eyes bulging.. 

In short, dbx works! The added noise reduction over Dolby 
has to be heard to be believed. Record noise ceases to be audi- 
ble and dynamics take on new life. During initial trials with the 
21, an aging amplifier blew its fuses when asked to cope with the 
'William Tell Overture', dbx style! 

My only doubt concerns the fidelity level of the decoder 
itself. I have 'normal' recordings of a couple of the LPs supplied 
as dbx and the comparisons showed up some definite coloura- 
tions. In addition, digital classical recordings with dbx on, simp- 
ly sound dull and lifeless with no noise, as opposed to dull and 
lifeless with surface noise! 

This is no criticism of dbx, however, it's just that I have yet 
to hear a digital recording that sounds believably live - all that 
sense of ambience gets lost amid the bytes. dbx is a system that 
works well, and I feel that the decoder is probably not letting the 
best of the method be heard to its fullest advantage. The Model 
21 costs only £64.90 from Harper and I feel a'up-market'version 
is called for (although for all but the purists the 21 will probably 
suffice admirably). 

Below: the dBx 21 decoder, in both dressed and denuded form. 
Controls have been kept to such a minimum that there is no mains 
switch. A bit silly that, if you ask me. 

The internal shot shows the very neat layout and high standard 
of construction. Note the chips with the index numbers filed off! 
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Cats and Lists 
Below is a list of the recordings currently available for 

those who ask; Harper Music can be tound at PO Box 40, 

Maidstone, Kent. A catalogue can be yours for the asking, and it 
includes many other 'Supercut' discs. Prices for the dbx LPs run 

at around £10-E13. 

INSTRUMENTAL 

THE ART OF RICHARD STOLZMAN: Saint-Saens; Honeggar; Poulenc; 
Debussy; Valecillo; piano 
THE ART OF JULIUS BAKER: Poulenc; Dutilleux; Reinecke; 
Vallecillo, piano 
SCRIABIN: 24 Preludes Op. 11; 5 Preludes Op. 74 Poem 
Op. 32 Nos 1; Ruth Laredo piano 
RICHARD STRAUSS: Piano Quartet in C minor 
Los Angeles String Trio 
THE VIRTUOSO HARP: GLINKA: Variations of a Theme by Mozart; 
LISZT/RENIE, etc. Susan McDonald-harp 
SONIC FIREWORKS VOLUMN 1: Music for Organ, Brass & Perc. 

J.S. Bach, Copland, Brahms, Bliss, Gigout 
Vierne, Richard Morris; organ; Atlanta Brass Ensemble 
SONIC FIREWORKS VOLUMN II: Music for Organ, Brass & Perc. 

Strauss, Widor, Dupre, Stanley, Mouret, Louis Couperin, Bach; 
Atlanta Brass Ensemble. 
BAROQUE BRASS: Selections by J.S. Bach, Handel, Gabrieli 
etc.; The Empire Brass Quintet. 
THE ART OF LAURINDO ALMEIDA: Galilei, Sor, de Visee, 
Grandos, Almeida 

LIGHT CLASSICAL 

A STRAUSS FAMILY GALA: John Georgiadis conducting the 
Johann Strauss Orchestra. 
THE GLORY OF CHRISTMAS-POPULAR CAROLS: arr by 
Richard Hayman & others-Royal Phil. Orch. & Ambrosian 
Chorus 
OFFENBACH OVERTURES: Orpheus in the Underworld; la 
Vie Parisienne, etc., Kunzel;-Cincinnati Pops Orch. 
POMP AND CIRCUMSTANCE: Various Marches: Elgar; Verdi; 
Tchaikovsky; Beethoven; Berlioz; Meyerbeer; Fucik; 
Delibes; Johann Strauss, Jr. & Sr. & Herbert 
Cincinnati Pops Orch. & May Festival Chorus 
AMERICAN FANTASIA: Richard Rodgers-Carousel Waltz; 
Slaughter on 10th Ave. Jerome Kern; Herbert; Hayman; 
Sousa; Kunzel-Cincinnati Pops Orch. 
A PORTRAIT OF GEORGE GERSHWIN ON BROADWAY AND 
IN HOLLYWOOD: Cincinnati Pops Orch. 

JAZZ 

CAL TJADER: La Onda Va Bien 
LIVE AT MONTREUX-SUMMER 1979: The LA4 Laurindo 
Almeida, Brown; Hamilton & Shank 
LAURINDO ALMEIDA-New Directions 
OSCAR PETERSON: Action 
JOE PASS: Intercontinental 
DAVE BRUBECK QUARTET: Tritonis 
JOE SAMPLE, RAY BROWN, SHELLEY MANNE: The Three 
THE DRUM SESSION: Paul Humphrey, Shelley Manne, Willi 
Bobo, Louis Belison 
GEORGE SHEARING & BRIAN TORIFF: On a Clear Day 

FILM MUSIC 

DIGITAL SPACE-SPECTACULAR MUSIC FOR FILMS: Themes from 
Star Wars; Airport; The Big Country, etc. Moulton Gould; 
LSO 
JOHN WILLIAMS: The Empire Strikes Back 
MIKLOS ROZSA: Suites from the Epic Films: Ben Hur; King 
of Kings; and El Cid. - Muller-Lampertz, Hamburg Concert Orch. 

CLASSICAL - ORCHESTRAL 

TCHAIKOVSKY: Romeo & Juliet-Nutcracker Suite 
Philharmonia Hungarica 
DUKAS: The Sorcerer's Apprentice: CHABRIER-Espana 
DEBUSSEY: Fetes, etc. Philharmonia Hungarica 
BIZET: Carmen Prelude; BERLIOZ: Rakoczi March 
RIMSKY-KORSAKOV-Procession of the Nobles 
Philharmonia Hungarica 
ROSSINI: The Thieving Magpie Overture, etc. BERLIOZ: Rakoczi 
March-Philharmonia Hungarica 
LISZT: Les Preludes-DVORAK-Slavonic Dance-SMETNA: The 
Moldau Philharmonia Hungarica 
HANDEL: Water Music Suite, Aria from Concerto Grosso 
J. S. BACH: Air of a G String; Philharmonia Hungarica 
MORTON GOULD: Latin American Symphonnette; Cotillion 
Philharmonic Waltzes-LSO 
RIMSKY KORSAKOV: Scheherazade LSO 
PACHELBEL: Canon; ALBINONI: Concerto in F for trumpet 
& strings; Cambridge Chamber Orch. & Empire Brass Qrt. 
RAVEL: Bolero; SHOSTAKOVICH: Festive Overture; GINASTERA: 
Estancia Ballet Suite; LSO 
TCHAIKOVSKY: Capriccio Italian; RIMSKY-KORSAKOV: Serenade 
in E, etc. RPO 
HOLST: The Planets 
St. Louis Symphony Orch. 
RICHARD STRAUSS: Till Eulen Spiegel's Merry Dance, etc. 
Cincinnati Symphony Orch. 
STRAVINSKY: Petrouchke; PROKOFIEV: Love for Three Oranges 
Suite - Minnesota Orchestra 
COPLAND: Rodeo; Billy the Kid; Fanfare for the Common Man- 
Dallas Symphony Orch. 
A SLAVONIC FESTIVAL: Smetans; Dvorak; Mussorgsky; Borodin; 
Khachaturian-St. Louis Symphony Orch. 
RACHMANINOFF: Symphonic Dances 
Dallas Symphony Orchestra 
MUSSORGSKY: Pictures at an Exhibition; Night on Bald 
Mountain; St. Louis Symphony Orch. 
RAVEL: Dephnis et Chloe Suites Nos 1 & 2 Minnesota Orch. 

CONCERTOS 

GERSHWIN: Rhapsody in Blue; An American In Paris; Concerto in F; 
Cuban Overture; "I Got Rhythm" vars. 
Promendade; Second Rhapsody; Lullaby; Catfish Row; St. Louis 
Symp. Orch. (3 records) 
RACHMANINOFF: Piano Concertos Nos 1-4 & Rhapsody on a 

Theme of Paganini; St. Louis Symp. Orch. (3 records) 
VIVALDI: The Four Seasons 
Cambridge Chamber Orch. 
RACHMANINOFF: Suites Nos 1 & 2 for two Pianos LSO 
ALMEIDA: First Concerto for Guitar and Orchestra 
Los Angeles Orchestra de Camera 
GRIEG: Piano Concerto; Norwegian Dances; Wedding Day at 
Troldhaugen; Utah Symphony Orchestra. 

POPULAR /FOLK 

POLICE: Zenyatta Mondata 
LOGGINS & MESSINA: Full Sail 
BLOOD, SWEAT, & TEARS: Blood, Sweat, & Tears 
NEIL DIAMOND: His Twelve Greatest Hits 
THE WHO: Who Are You 
HERB ALPERT: Rise 
THE CARPENTERS: Close to You 
PEGGY LEE: Close Enough for Love ETI 
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The (finest .Rntriifiers ieserveinest.qq..ts
The Electronics Today System A, designed
by Stan Curtis comprises two monophonic
Class A Power Amplifiers and a modular
pre -amplifier of such superlative
performance that they stand comparison
with commercial products in any price
range.

cfiraitkwaite KITS

* are approved by the designer
* offer a unique "get you out of trouble'

service and full technical support.
* offer a unique post -assembly testing

service
Prc-Amplifier £76.90
Mono Power -Amplifier £221.95

(carriage extra)

Several ex -demo systems available
at an attractive price.

Write for details.
Details and price list from:

cfiraitkivatte KITS

215, High Street, Offord
Huntingdon, Cambs. (0480) 811659

tip.litalUillaintir
LirilEDLYCLI for X

-4,

i 14 AUCIRD

,

.
The !Ai) - .._. The firm for Speakers

Explorers Guide to the 1 4//
IF YOU'VE GOT A 1X81 THEN YOU NEED THIS BOOK :

Programs for 1K RAM, and programs for 16K am.
Games, Business and Engineering Applications.
RAM & TO Circuits. ROM Routines. Hints 8 Tips.

And Much Much More, for only £ 4.95

Just 50 P will bring you the latest Wilmslow Audio

80 page catalogue packed with pictures and specifications

of HiFi and PA Speaker Drive Units, Speaker Kits,

Mastering Machine Code on your ZX80/81
This 180 page book by Tony Baker is ideal for those
who want to explore the full potential of their U.
Whether you know nothing at all about machine code,
or whether you arc an experienced Z80 programmer,
this is definitely the book for you. I 5,95

Getting Acquainted with your ZX81
This book by Tin Hartnell is designed to get your
1)(81 up and running worthwhile, interesting, prop-.
rams from the very first day. £ 4.95

The ZX80 Magic Book *WITH 8K aawzxai SUPPLEMENT*
Games programs, computer music, converting programs
written in other BASICs, improving the picture, RAM
and I/O circuits, and much more. £4.75

23423 WAY ZX80/81 Pna CONNECTOR SOCKET £3.50

Cabinet Kits ....
1000 items for the constructor.

CROSSOVER NETWORKS AND COMPONENTS.
GRILLES, GRILL FABRICS AND FOAM. PA, GROUP
DISCO CABINETS - PLUS MICROPHONES -
AMPLIFIERS - MIXERS - COMBOS - EFFECTS -
SPEAKER STANDS AND BRACKETS - 1N -CAR
SPEAKERS AND BOOSTERS ETC. ETC.

* Lowest prices - Largest stocks *
* Expert staff - Sound advice *

* Choose your DIY HiFi Speakers in the comfort *
of our listening lounge.

(Customer operated demonstration facilities)
* Ample parking *

* Access Visa American Express accepted *
23'23 WAY 1X80/81 GuL0 PLATED PLUG EXTENSION £3.50

ae7 fill dub
Tel; (0268) 411125 Mon -Fri ThefirrnforSpealoni 0625 529599

MeamdiArm
VISA,sPayment with order s 35/39 Church Street, VVilmisow, Cheshire SK9 lAS

TIMEDATA Ltd. 57 Swallowdale, Basildon , Essex 1ik lightning service on telephoned credit card orders'
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PO BOX 13 REDDITCH, WORCS B98 8NS
Telephone (0527) 43169

For the man who has
everything else.. .

. there is the ETI binder. Spend your nights enjoying the
finer things in life, secure in the knowledge that the finer

magazines of life are safe and sound Order one now, and
let the joneses keep up with you.

ETI Binders cost £3.95 each for UK residents, including
postage, packing and VAT. For overseas orders add 30p.

Send the completed coupon together with your remittance
to:

ETI Binders, Argus Specialist Publications Ltd,
145 Charing Cross Road, London WC2H OEE.

Please allow threefour weeks for fulfillment of order.

Please send me
I f

ORDER FORM
ED Binders. I enclose chequepostal order for

f wish to pay by AcoessiBarclaycard. Please debit my account.

51721.1

41 912191 I 1

Signed

Name

Address . . . .
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ECH 481i memory
adension for

the Dial
0

The ZX81 sits
on a custom built case which
contains the MEMOTECH memory 48K RAM EXTENSION
and a power supply which powers the FOR THE ZX81 - ONLY

THE MEMOTECH memory has a fully buffered £128.25MEMOTECH memory, and the ZX81.

control -data -address bus with PCB 40 way header plug. READY TO PLUG IN!
We are able to provide a general purpose I/O board for

use with the Memotech memory which contains:
1. Four memory mapped parallel input ports. 2. Four memory
mapped parallel output ports. 3. Two D/A converters. (8 bit). 4. 16 analogue inputs
multiplexed into an 8 bit 12 micro sec. A/D converter. 5. 6K of eprom sockets. (2716's).
This general purpose board allows the ZX81 to communicate with the outside world from within a Basic

program. The availability of Eproms on the board will, if desired, permit a set of routines to be permanently
stored in machine code. These could for example be an extension to the monitor or particular routines to con-
trol a particular board. e.g. the board could be configured as a data logger or speech synthesizer.

The board would be particularly useful in a laboratory for monitoring experiments which would otherwise
require very expensive equipment.

ZX PRINTER
The memotech memory does not affect the performance of the ZX printer. To use the ZX printer, the printer

connector is plugged into the ZX81 and the ribbon cable from the Memotech unit plugs into the edge
connector on the ZX printer, leaving the Memotech header plug free to connect other devices. An RS232
Serial interface board will be available soon. Two programs are available to be used with the Memotech
48K memory; r INIM ......... ME

a. Stock control, allowing up to Please debit my Please rush me:
2000 items to be entered. I BARCLAYCARDIACCESS Quantity Price Total

b. Pay -roll, allowing up to account number:

500 entries.
This much enhances the ZX81's I

place in the league of small
business computers that can take Signature

on substanial time -saving roles.

Fla al 
PIEPIOTECH
MEMOTECH LIMITED, 3, Collins Street,
Oxford, OX4 1XL Telephone (0865) 722102

Please delete
Iwh )chever does not apply.

I Date

1E3

48K RAM, Assembled £109.00
48K RAM, Kitform £ 99.00 I
Memotech Port Board £ 59.00 IPort Board Connector
(for use with Memotech unit)

£ 10.00
IBuffered Port Board Connector

lIor direct connection to Z)(81t
£ 15.00

IStock Control Programme £ 25.001
Payroll Programme £ 25.00

I NAME
VAT 15%

I ADDRESS Postage £2.90

ETII TOTAL
To: Memotech Ltd., 3 Collins Street, Oxford, OX4 1XL Telephone (0865) 722102

im gm N. am - N. Il

I
I
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Nowadays there are many 
scientists of the paranormal 
who will assure us that a person 

is able to influence and control matter 
by the direct action of his mind alone. 
They call this effect psychokinesis; it's 
akin to the claims of the familiar 
ardent gambler who is convinced he 
can influence the throw of a dice, or 
the spin of a roulette wheel, to come 
up with his lucky number. 

ETI, with an open mind, decided to 
design a machine which would give a 
clear indication of any such 
psychokinetic action directed on it. We 
thought that a 16 ton weight linked to a 
movement detector might perhaps give 
the sceptics an unfair advantage and so 
decided that the slightly smaller and 
rather more capricious nature of the 
electron might be more amenable to 
the delicate influences from the 
psyche. In fact, the electron itself does 
not have to be influenced, but rather 
those forces involved in producing the 
random movement of thermally and 
electrically excited electrons. These 
forces are completely unknown and 
unpredictable; that's why they're called 
random! It's this nature of randomness 
and its ultimate source which has 
fascinated people for years; hence the 
favourite pastimes of staring into the 
coal fire or watching the ocean waves. 

In our machine, the random 
motions mentioned above are linked 
electronically to control the movement 
of a dot of light round a circle of LEDs. 
This dot of light obviously shouldn't 
rotate too far in any one direction, but. 
should dither around - both 
clockwise and anti -clockwise - 

keeping the same position on average. 
The light moves at regular clock 
intervals and at every movement it has, 
theoretically, a 50-50 chance of going 
in either direction. 

We called it the Infinite 
Improbability Detector for two reasons. 
First, in the absence of any assumed 
psychokinetic intervention from a lively 
mind, it is incredibly unlikely that it will 
rotate consistently in one direction. 
Second, we're Douglas Adams fans. 
The probability against continuous 
rotation is, in fact, two to the power of 
16 to the power of the number of 
revolutions. Therefore, if this occurs, 
don't panic - we have proof of an 
external and paranormal force. 

It is hoped that if psychokinetic 
ability does exist, then it should 
certainly be able to bias our machine 
to rotate in one direction or another. 

In use the operation is simple - if 
a little indefinable. There is a rate 
control for setting the overall speed of 
movement of the light and an on -off 
switch. After switching on and setting 
the desired speed, the rest is really up 
to you. The idea is to concentrate on 
the moving dot of light in order to 
make it consistently rotate in one 
direction. 

ETI would be delighted to hear 
from any readers who can demonstrate 
impressive results. 

Construction 
It isn't difficult to obtain a neat 

and smart appearance with this project 
(see the photos of our prototype). There 
are only two front panel controls, 
making interwiring and assembly 
completely straightforward. The only 
point to watch during construction is 

the mounting of the LEDs; these should 
be left until the rest of the PCB is 
assembled. 

Solder in all the other components, 
following the overlay guide. It's easier 
to start with the links and sockets first, 
then the passive components. Lead out 
wires to the pot (RV1) and battery 
supply can also be connected at this 
stage. 

After assembly the LEDs (LED1 to 
16) can be mounted with their anodes 
towards the centre of the circle, but do 
not solder them at this stage - the 
LEDs must be fitted into their front 
panel holes to provide the right 
uniform height above the PCB before e 
they are soldered. Take a piece of 
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tracing paper and mark the exact hole 
positions from the copper track 
pattern. This can then be transferred to 
the inside of the case front panel and 
the positions centre -punched before 
drilling the holes to a width exactly the 
same as the LEDs. The sloping front 
Vero box we used has a detachable 
aluminium front panel which makes 
this an easy process. The LEDs are then 
fitted into the holes and the correct 
board clearance height can be found 
before they are soldered up. 

We found that after soldering, the 
good fit of the LEDs was quite enough 
to hold the PCB in place. Two PP3 9 V 
batteries were fixed inside the case 
with adhesive pads and battery clips 
were used to connect them up to the 
switch and the PCB. The potentiometer 
and switch are mounted through two 
holes on the front panel, after wiring 
on the front panel, and after wiring 
them up from the overlay diagram the 
device can be tested. 

Switch on and set the speed 
control to its lowest rate; if all is well 
the illuminated LED should move 
backwards and forwards round the 
circle in a random manner with no 
preferred direction. If it does rotate in 
only one direction, then there is either 
a construction blunder or the portion 
of the Universe occupied by the 
detector has passed through a region of 
Infinite Improbability. 

Fig. 1 Circuit diagram of the Infinite 
Improbability Detector. 

NOTE 
IC1 IS 40696 
IC2 IS 40298 
IC3 IS 40516 
IC4 IS 40136 
01 IS BC184L IOR NOISY NPNI 
02 IS BC109 
LED1.16 ARE 2mm RED OR YELLOW LEDs 

R4 
10k 

C3 
10n 

R6 
1k0 

-MN - 
R7 
4M7 

HOW IT WORKS 
IC2 is a four bit up/down counter, set to 
count in binary mode and thus having 16 
count states provided on its four output 
lines. These binary output lines are decod- 
ed by IC3 and Q2 to give a one -of -16 output 
for driving LED1 through LED16. 

IC3 is a CMOS one -of -eight analogue 
decoder, whose outputs are connected to 
the anodes of two sets of eight LEDs. The 
select lines on pins 9,10 and 11 will take one 
pair of anodes to positive via R10 for each 
address. When the D output of IC2 is logic 
low the cathodes of LEDs 1 to 8 are held low, 
thus illuminating one of them and Q2 will 
be switched off. When D goes logic high the 
reverse takes place, with Q2 now turned on 
to provide a ground for the cathodes of 
LEDs 9 to 16. Thus each count state will cor- 
respond to one LED being illuminated. 

Assume for the moment that the 
upldown control on pin 10 of IC2 is kept 
high (the 'up' mode); then, for each clock 
pulse applied to pin 15, IC2 will move to its 
next count state from 0 through to 15. Each 
LED in the circle will in turn illuminate to in- 
dicate that particular count, so producing 
the effect of a rotating dot of light. 

However, the upldown control is 
made to continuously change in a random 
fashion and at a much faster rate than the 
clock period. The timing diagram of Fig. 2 
shows the clock as a square wave. The 
CMOS counter IC2 only changes state as 
the clock moves from low to high and the 
direction of its counting can only be 
changed when the clock is high. Thus the 
state of the up/down control when the clock 
goes low will determine the count direction 
when it next goes high again. The dot of 
light will move randomly either clockwise 
or anti clockwise on each clock period. If, 
say, the light moves three places clockwise 
in succession, this is equivalent to getting 

three heads in a row from a coin toss. 
The random logic level generator is 

based on Q1, a transistor selected to pro- 
vide a good noise output when connected 
in its base -emitter breakdown Mode. This 
produces genuine random noise due to the 
completely unknown and unpredictable 
movements of excited electrons in the 
semiconductor material. The noise voltage 
so generated is amplified by IC1c and d. 
These are unbuffered CMOS inverter gates 
which are biased into their linear amplify- 
ing mode by R5 and R7; the gain is deter- 
mined by the ratio of R4 to R5 and R6 to R7. 
C2 and C3 provide AC signal coupling. 

IC1e and f are configured as a Schmitt 
trigger, with R9 providing positive feed- 
back for a sharp switching action. Those 
noise spikes which pass the switching 
threshold will produce clean logic level 
pulses at the output. These random pulses 
are applied to the clock input of IC4, a flip- 
flop wired as a divide -by -two circuit whose 
Q output is taken to the upldown control of 
IC2. Although the number of random pulses 
in each IC2 clock period will be pretty much 
the same, the state of the Q output is ar- 
bitrary and will be truly random with an 
equal chance of a 0 or 1 (or rather, not truly 
random if one allows that the mind can bias 
this in some way). 

The clock used to drive IC2 is the usual 
CMOS astable using IC1a and b timing com- 
ponents RV1, Cl and R2. Potentiometer 
RV1 is a front panel control which sets the 
frequency of the clock and makes available 
a large range of rotation speeds. 

It was found necessary to limit the sup- 
ply current with R11, since IC1 (the 4069B) 
is used in the linear mode as a noise signal 
amplifier and with too high a supply voltage 
it can start dissipating enough current to 
destroy itself! 
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1M0 

R8 5 
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16 9 
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Fig. 2 Timing diagram of the circuit. 
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Nothing used in this project should cause 
the hobbyist any supply problems. All of 
the components are standard types and the 
PCB can be obtained from us as usual. The 
PCB Service ad is on page 71. 
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PROJECT : ESP Detector 

LED4 

LEDI 
LED2 LED16 -{ R12 

LED3 O O O 
O a 

LED14 

Oa 
a0 

LEDE 

Oa 

RV1 

+18V ' 
VIA SW1 

a = ANODE 

LED15 

-7- 

2 

LED13 

PARTS UST 

Resistors (all 1/4W, 5%) C3 10n ceramic 
R1,3 1M0 C5 470u 16 V axial electrolytic 
R2,4,8 10k 
R5,7 4M7 Semiconductors 
R6 1k0 IC1 4069B 
R9 330k 1C2 4029B 
R10 47R IC3 4051B 
R11 150R IC4 4013B 
R12 47k Q1 BC184L (or other noisy NPN 
R13 3k3 transistor) 

Q2 BC109 

Potentiometers LED1-16 2 mm red or yellow LEDs 

RV1 'IMO logarithmic pot 
Miscellaneous 
SW1 miniature toggle switch 

Capacitors PCB (see Buylines); two off PP3 9 V bat - 
C1 330n polycarbonate teries plus clips; sloping front Verocase 
C2,4 100n ceramic (order no. 75-1798K). 

Fig. 3 (left) Component overlay for the PCB. The LEDs are arranged in a circle 
with the anodes to the inside. 

Below: the inside of the case showing the uncluttered construction. No nuts, 
bolts or sticky pads are required to mount the PCB; the LEDs should be able to 
support it when they're jammed into their holes in the front panel. 

ETI MARCH 1982 37 



GEOFFREY
SNUSHALL

AUCTIONS
BY ORDER H.M. Customs Et Excise

SALE BY Auction
STOCK IN TRADE OF AN

Electronic Components Retail Outlet
To include

Multimeters (various?, Soldering Irons, Speakers,
Graphic Equalizer, Headphones, SWR Meters,

Transformers, Instrument Cases, Circuit Boards,
Cable, Batteries, Boots Magazines, Relays,

Capacitors, Lamps, Sockets etc etc etc.

To Be Sold At
Trafalgar House, 171-173 Charles Street

Leicester

On

Friday 19th February 1982
commencing 2.30pm

On View Friday 19th February 1982

9.30am to commencement of sale

Catalogues available 50p post paid
(no stamps please(

Tel: 555919 for further details

City Auction Roans. Trafalgar I louse. 171-173 Charles Street. Leicester. eel: Lek. 29913

,01, SPEED - VERSATILITY - ECONOMY mo'IN

WIRING SYSTEM

Designed originally for logic wiling applications. it Is now accepted and used
extensively throughout industry. education and research. ROADRUNNER is
used by hobbyists, studerls, technicians. designers and engineers. and is
ideal: -
FOR COMPLEX INTERCONNECTING OF MICROS & MEMORIES  FOR SIMPLE

LOGIC WIRING ' FOR WIRING DISCRETE CIRCUITS  FOR REPAIRING AND
MODIFYING PCB's  FOR USE AS A TRAINING AID.

EUROINTROKIT (15.99 -PROJECT INTROKIT E6 GO - PCB RE PAIR KIT C5 57 -
DISCRETE WIRING:TRAINING KIT (8.81 - PENCIL LOADED %MTH OSE BOBBIN
£2 90 -WIRE DISTRIBUTION STRIPS - GLUE FIX 20100.6" LONG -GENERAL
PURPOSE £2.92, HIGH DENSITY C3 20 - ADHESIVE CO 38:TUBE - PRESS FIX
20/old. 2- LONG C2 46 - SINGLE EUROCARD. HIGH DENSITY 3 PLANE 136 x 16
PIN DILS) £4.99 - DOUBLE EUROCARO (CAPACITY OF 84 x 16 PIN 01.5) C7 50 -
PROJECT CARD HIGH DENSITY S -SIDED (20 A 4 PIN OILS) £1.30- BOBBINS -
BLUE 41pkt. £2 - GREEN 4ipkt £2 - PINK 4.,ekt C2 - COPPER 4/pitt E2 - 1 OF
EACH COLOUR E2 06 - TINNED COPPER WIRE 241tt. CO 92 -ROADRUNNER
SOLDERING IRON FOR OSE APPLIC (5.72 - GEN. PURPOSE IRON 1:5.20
IRON STAND £4.82 - REPLACEMENT BITS 00 .60 - MICROSHEARS 02 85 -
TWEEZERS El .B3- KNIFE £043 - SOLDER PINS 11:0:pin CO 59 - PIN INSERTER
CI BO - WELLER BITS 430° cr 480°C Et 49

ACCESS.BARCLAYCAPO-ADD 40p P 8 P r 15': VAT TO ALL ORDERS
DEALER ENO 'S WELCOME -TRADE & CLUB DISCOUNTS

ORDERS TO ROADRUNNER ELECTRONICS.
FREEPOST I NO STAMPSI HASLEMERE. SURREY. GU27 3BL I TEL: 0428 538601

r
BIEPAK

CB users. Home base
POWER SUPPLY 3A

Rugged Powerful British Made
,,..41,141..  '44 1.1c..r,osce.  1 iLly
,ielete  Elnastnc sea; onsr k urtn:a:
mlecerd * Ulna *cud* IC Mot
* aireclw tented takes CortaerheN wren

'.PECIfiCAtica.g  had troltege - 243 ya 50,0
 Oteaal adage- 131V 4 c 1.1% Memo rat
len elX1 anciva 'ICs tad O2 Si  0:4*

- 0-31no  111:uati - list Man 2eV giro
1:1 lead  E.tresres- Ir59 a 111)* a TOO Am)

' '13):E only£15.000.col t43 36'4
Ca Rigs and Accassodos In Week. Sited

S. A. E.tof SuR LItelnos.

L__

8 Bit MICROPROCESSOR
14.4ra( INUEBOAN 40 Pin 011. ti Chime) 9lital
GATE WS TECHNOLOGY As used r Natcnils
NB380 Mao Cannier Falai
Inslruchin 017.1ti Irne 2 uS
Gimbel wilh haldiorst
elodi Dupe
81Wil) NEW -
NOT SegOnls Of 'aims

Ice% Pe11071 CADS ND SX0:03 only
Nona! Sel trice Ca 50 each

Cw BI -PAN Special Pete £2.00
SO NL1NRY - LOVIIE0 STEK:NS

40 Pin IC Ws In hl SX8380 011er puce

acicER No 1eo9 30p

TECASBOTY
iln Eincrxi: C.:m0:0feltS re7 Semco-dtett 811965 cl Pe Vent. A luas1 Ca Etchonc
Moaners indudnd potirtomeets - toury aid sleet, cases - horirenbl .n Cal

Resishus ol ranadyll uts22cems to 2142 1.8 to 2 'Rat A corrotteens ye freed
capaO101sirUadirgeliCIIO1/tcand celliStar ypes cluS (Ise cetera:LC(4M.
ADO* Alps and scOrets d ratus bees plus smictes. lusts. Asesints, are. rats,Icus.
etty.es. rade caps and hes. Hots P Roald TM.nadlbtttalt00Scinapeudnrs
b include traraistors, diodes SCR's outris, al d.abh Ire WWI elnerydeustile deems
r at a Fantasitc P41(21 kk3r.tbish idernliteleareyalted enamel catsbuuts mil
cvc,E25 CC. Oa FOIAnainsl /Jim Prl:e

-Muni- Ontesthe1112:11 JUST £6.50.
fonfli v: Si RI

Fantastic Audio Bargains
rats per cm-nr4 siern anthill. I

Co-s61R0 el - ORDER NO 55A15
2 r ALB) enpaters
1 IC PAIBO rue.anpunt
1 r SPAISO Pone supply
1 x 2034 Penstottret
2 x COUrting cap :Mrs br 8 terns 410-10
50v and necessary" r...t.hipinr.

Sur nwr(lOonnsio £26.00

5 watt IRMS)Audio Amp
Mgt Quaid, dad.: a m;utin Malur Ideal Is use
rer.tr4 Owen. Cape wade's, stem aren4 are
tamer Paten etc ha deli and back up damns
adb each oxide

Speaboinn
 rfte 014;41 5 *ICI RIOS  Load Irrottlame B lb
'Anne frerenc, reser/m.5P* to 25 KIN -)du 
Sensihnla JO en lit Nil outert  !mut Impedance
:01 cruns Sue 85. 64 . 32istm  tole Harman

&sante', less teat -53
BI PAh S par prat puce

£2.25
Vas wild not Build ern
Is On OHM

COMPLETE
AUDIO CHASSIS
STEFOO 33 Centre 7 wall par otarne Swat art
baud - Trawl Anne pew* seen, halt
pant loan eel tunts-t,.

Almosti, PRICE

£12.50

MONO PRE -AMPLIFIERS
1[0 ViAtbr In sore mar. WO% souse to

Mart p*crea niece
The 914103 aid WOG now prevelers ere
neva& vitt, tre ALB14110 ALI20 rd 41250 Pen
amplifiers ate tetrr stsecnted orwer main
Witte Sup* veep 4865v ,taus rime 61s: P.0
favcchona Max seen 500m jper +Nom &opt(
myna 41316r insta 2 Candi Weacciana Mu PUN
94.1,r

r
1 Amp SILICON RECTIFIERS
c,, nail- 194:01 WIES 'Maar Pte:041
50 5:(o unsidi - Ru sena 4.T5
All peect:e.t.ts - NO Ids Mn SO.
50 In C1.00 - Cable 101091 410 5176

Saw, Galva Firoist %IN liunars ro Case

:ac/ 11 !tali - era C.'7614 Snits to ecI47
13C107- ITN Ae MYR 'Ka neer cso)riA

rt r5-61 5001 1W at MO HA. at

FRIU 32.00 £3.80 £17.50 £30.00
51an Gesra Pup:se Pi ra,sr4:4s 10 raid
tot, II 11105 <COW Cr9S07 se:1.5 ZN.NiCta
9,120 VC GO IC 603ti Mn HI 50 ALL NEW

SO at ICO at SCII :r 1000 01

PRCE £2.50 £4.00 £19.00 £45.00
Oils as Ckisco

Send your cadets to OW ETI3
131 PAK PO BOX 6 WARE HEMS

SHOP AT 3 BALOOCK ST.
WARE HERTS.

'Silicon NPN'L'TypeTransitors
10.92 Kish: ceree coteckr
List BC1821. - 1831. - 184L 4
1'C110 1.5 416E0 30 1C20OnA HID 103-$.10

II I ',Wry:, Onions - 000010 ORDER AS 5r1P3'.
I :C.on 500 ell *0213

£1.50 £2.50 £10.00 £17.00

PNP SILICON TRANSISTORS:
rdar ziot:u - 21 X214 - E.Lre

'.CEO 40 trC90 35 lc 3305* rep 50-400

Mal, Neer - 1.11cOON1 - NW! Denies

50 otr ID) ca 9:0:n 1(0)

f2.00 £3.50 £15.00 £25.00
L._ Ile!' as 7TXP1af

On, 5.41 m61 cal d xirg us 411 Vero 31x71,01 ens

gel you tint, init Scads name', sent 251

Clan Mail
Remintn. 04.1 meil MI WI Ai 15% II TOP 31511

TOLL None Stg e, Ida D.:b.,

38 ETI MARCH 1982



BI-PAK BARGAINS

5421 SCREWDRIVER SET
pie;ision sciewiliwers h roe:

cast Seel -0 8 1 ? ? 4
?an:,3 born £1.75

5131 NUT DRIVER SET
5 preps on nul Diiers m ,ingt4 plattt rase
With turneg nsel 121.75
Sizes -3 3 5 i t 5.11105mm

5141 TOOL SET
Walston ostiuments in ninget Path C rase

Cnessponl iPRIllost scawahels -
0 and IL 1 Hee eeY arithoies -

15 ?anti 2 Stret £1.75

StS1 WRENCH SET
soteavon wen (..e In hin;e0 Gastic case

SOBS -4 4 5 5 5 an:16mm £1.78

BUY ALL FOUR SETS 5121.5151 angel}
REX KEY' SET FRU ,
Pie KEY SET OK f116..'
Sues 1.5.?.2 5. 3. s"-

4 S 5 5 ate fetin
UM 01 %mine steel
RV/ C1.25

BI-PAK PCB ETCHANT
AND DRILL KIT

ate PC8.1 CurrOtdeS
Etpo Mehl:ell 10 000905212W OC .013

collets 6 1mm Twat tat
1 Sheet PC8 Punsters ?lOrnm x I 5nrnm
i Etch RePul Pen

I ';I0 02:1, FERRIC CHLORIDE alga's
3 sheen [coact R0000.110
?Nrieets etegi ass copoet PAP Mum

retructicrs tot mikm; vain owl PCS
haa102

Petit Value over 013.00
Cl1R 131-PA1e SPECIAL All PRICE £9.78
ORDER ND 51151

MINI VICE
This smelcistole Walk mace vice mil
(deg 00 to.we Perch 01 tale hems? a mix
!..caress ot ' The 2,, lams wen to mi
al PA. Aecrox sit, 80 x 120 x 66rmi
H. HP'SMINYoeal
1 Mal, Pope only

£2.
. 5X82

"'XPERIMENTOR
BOXES - ALUMINIUM -
PLASTIC
ALUMINIUM BOXES
Mile %%on env Alurturtourn100e:
construction 35011 deep Id end Strew
S'/E L W H (ROUND rice

55. Pt. 155 159 83p
4 ?xi 154, 461 03p
4 25 2 163 03p
3 2 1 464 Sip

6 3 166 01.450
6 4 7 III? f1.12

1 en'; la .--non T1 nr

"IRRESISTABLE

Pal No.

RESISTOR BARGAINS"
("I' Desthanse

/nee
El

511 403
PewVo A i lige Results!1110 100

ow k xiatICatiteReSslets

S0113142
2170

I

I40
tate Cease Reuslus

CI
'4

witt Cvten ResitusS111
150 1,..itt humps

2? atm
El

2m2 Slued5415 100
I end 2 watt Atwon

72
11

oft 1111
Elrats 5412 IS

coitim rave of
Calmv 4131 iltuArsMatta fabethEm

12 Ant to 2 7 4w4 54.1:wits On mote
011S 441 Idre I tell wee it

:srergsP411111011

:ItAl 011141

MOTOROLA PIEZO
ELECTRIC TWEETER
I,tixmun, (.111112,

251004 1tnt Winn *equine
20] matte across 4 dims
1 03 *Ms across 8 dims

SD watts R:Losi 16 Ohms
81465K SPECIAL OMR PRICE £4.50
ORDER 140 1937

DOME TWEETER
eo?r,I In Up to 53N

',Milne 8 :hrns
;Monty Response 2030-20.000Hz
Dins 98mm tharn 3Irmin deep

Ou- Pine 12.88 DP41203

Pat Kt.
Se%
Sell

5.11111

Sell
5120

5121

S122
5e22

ICICA gLd, onto
5124

207.1""" flip
-0t4.111

During's doo..hile
reel

BI-PAK SOLDER -
DESOLDER KIT

cenunists ORDER AO SOO
1 NO Duality 40 watt General Putome
ightseclit Soleenng iron 240e rano Intl

31E6' 14 /mmi bit
I Dually ClesolOpud pimp Hogs Suo-on With
autCM4104p1110n Knurecl (tegtiin
(Ming aid lemon men
1 5 empties D'De-ttlilteing OW 01 pelt
(lenient!.

83M)Reiln etetil SLR/ On CVO
1 HUI 511Uhl Lod loaner Tape
10141 N0taIl Vitae POP C12.00
OUR SPECIAL KIT PRICE £8.911

I.. ..,1".... pcu 11nagsnee3

--et the have near get utt.4 no.
This helpful Pmt weft PM ffgUnItg

hceiront4ey on Hue,/ lath. Cr40541114 0105
AWaved to rocettes SIR Pill & sot 301 pert

gee infinite variaten and pOsitens thmugh
350' Peso available atlachee to Pod 42 s5 P.r
moon -"m gem; 2 S imugnhutice tle phis
nano xi? Pailible snot relPout mag-itie
Oil FT at mith magn1110 as 1610,460 ORDE I,

F40 1402 £0.80
VInhaul ampono OROER NO 1400 £4.75

Plastic Boxes
C01Pire0 84:6 Gimp 142119
'tinged Lie hung sciess into COSS OUSheS
SIZE 'L W u Olio NO Phu

4 2 1 141 £1.00
40. 233 1 143 C1.30
6 35. 2 444 £1.80

Flastte as above but w.m aiaminum top panel
4 2t. 1 I46 £1.40

P ash c sleiOnD 110"1

5%5 4u 21.

PON
to

II, 145 02.14
.0914 Height

s.cdeiTPABLE

meAOR PAKS
4125%. cagootTM..e111P0.0.,r,o, Litt

10)

cz,:rc.,..., .

2,4

100

GO

Wskr.:61,ro:ti:p:11,,:::11,:rs:i fffiv5,stritrvife fittli

.00

LI

us

st.touttPotostrm"

so
tiectithms mutts
Welke tleiltoleWs

BRAND NEW LCD
DISPLAY MULTITESTER.
HE 188m
1011 10 PAELOHM 1%041 11.1PE DANCE

 34.; elf  16 Janus phis hlE lost tici
PRP1110 NTIN11iesisto.5 "Auto 2nn awn
snIcf  SoLnlenRunni
:uetts" on Ovdd range 45004401, '

inch; Pipe LCD 'PHICur
 Fu9t mot Plottcttpt ':eft 2105 131163, e
ino tostiuctions o'clueed
ELtt 1110Krhh 1599 e 1999

Pedrile vChLdt.7n Yeglh.tonq
Potato "flu -.;.11,'
.Netgul

input,mperlince 10

?pa Must Wane c
51.11mo 11-0 750 mil stcsh Os
IernetPituie tinge - 5.F. to 50`C
Pixel Super, PP3

5411015

20D1E1Eantuintnan
4111

PAFAES

UC Pstage 0 200mi
3.2 n.2ormoviv A:1 )
X1bPage 0.200.10001
Am I 2% DC Current 0 20015
0-220-2cilmt. 0.10A Az: 1

PesiP.onee2.20.2002 cems
elegehn5 AOC I%

9IPA6 0E02 Low ST POSSPR'C
C35.00 car

rz--1

41iv.118 NI -CAD CHARGER
uni.mal Nt Cad Pittvy merger All Oath;
CoSt .0 lift p3111 CM131gei' LDS1S.11CH LEO
indiettaT 4t With tt 4111 tut cnalgi nO Po MS

Ctiege5 - Niue -
0031901 2202401/ AC
U1211 5e peUitel Deis -
Ultra 53'C I 210.100.ECmm
112 11 52 18.93

AUDIO PLUGS, SOCKETSAND ACCESSORIES,, it.
...,,,,,,

,...r r,,,,cv am
41:: ND IN., )6r.,

Aptv.e, rottro 1,0 Skiouo ilgro et: lit to,dr .40 Wei El
(0.11*' 0.0e

?it St25 pd.
De.te ( 1 5:'

'pal Ciiitinefe
IS U. Oh Anti

Ehers., "PI NO COL
ALgsivccusin

Ha
:ri1130

Elton Auld 1.011413,s
..21 /whitCoati/ elite

Ides with *tame
teesteel No

te.Exti Dell MitSell
109 Si leas PRP rtitsorces -al' oritr

QS.
tr(ogee e.ee

fot. Ant !eft aidetmse441 ?Id
reach ron,.1151

etf.t. E2.53

BIPAK 'a COMPLETELY NEW CATALOGUE
101111..1w 31. arntor..11, ,141, r 1,

laegn M.> .11 %Mt tut( Oh LE Om se Die 11100 tame at

teriantudils r0. Mel...dew and Prolessatil do mid hale 13 fire

lout ate .1,1t1 Pips el sse ipssintrititiom w 4111.1 ,n:U1td It

edition citotohnlna.iteen .1d1 did ramie One degiiiken 413
ntlethal Seduesal +Kit he tat DitiLith. Si? memo/. 16 PA o pain
hut it.ip teen 1(1%01[1.11de tteepttent. it W.W.I., 9(1,210 4861
SE 51111110.

5$ ('AK S COWPIA lilt NEWC41110G111 s to. *MAO loon 14u et
attune le. midi pis CJ. WIt'atel )1V SW tIonteic Con:awes .11

Pak Eilibtse Iu.e ale eist ii Define -11 0145 51 4.161 PAP.

kHATIr

Said you cideis to IRV ET1381 PAK P13 BM 6 WARE HERTS

SHOP AT 3 DAUM ST WARE HERM

TER PAS. CASH WITH ORDER SAVE DAY DESPATCH. ACCESS.

CIAYCARO 4150 ACCEP1E0 111 109201 3181 GIRD 388 1006
IAD 15"5 VAT AND 5D p PER ORDER POSTALE AND PA011 NG

POWER SUPPLY an PRICE £3.28
Pear %Kole' Ids &TO y inr0 13 imp sate?
Fusee tub 3,3541? Petiole leseised scow
Max 5.11411 wiln man Dug
Winn - 210': 4r, 5011/ C600..1 -3 4 5.6.
' - . 11,...:g -300 nu MOBS

TRIACS - PI.ASTIC
4 MEP - 41k - WOE - e1G 1310
1 OFF 10 OFT 5008 100014
40p 53.75 E17.50 £3000

SHP 440. -10720- TAG 425
P3p 0.75 521.50 $5000

Everyday Electronics .6,

M
5too

Ht I O imts I $ 2 conwee -,t(
K.1 2 t 144 :nu WA

&

IC SOCKETS
The lowest price ever.

4,4)01 1'.
11) r1, 5(1 at 11410

x 7So £300 LS

:1 Hp E3211 £5.50

ere L325 ES 50

VOLTAGE REGULATORS

T0220 ;::1;0. %r15;9
1112--501 ill)- oast

- 50p 1515 151
7421 50p 7921 - 55p

clew ores L8.3101. .1'1 :31:11

103 - 40b U4113 . lip

lbe Mei troll ant Poi as Wow 300 11001 aid
pri pas exPo ewe Us* Cook fpreui0 ant 2p1
Pet MN.
IliewriNt puns' .041911 15%18 paw outer

Popp .04 500 pp TAN air

ETI MARCH 1982 39



CASIO 
FPiO 
PRINTER 
If you've been tempted by our recent 
articles on the Casio range of programmable 
calculators, Peter Freebrey brings news of a useful accessory. 

These days it seems that we see a new calculator, digital 
watch or electronic musical instrument being advertised 
each week. The whole situation almost appears to have 

got -out of hand and I really wonder where the profit can lie - 
because a piece of equipment may easily be superceded before 
the retailers have received delivery of last week's latest and 
best! 

Having seen the recent introduction of Casio's program- 
mable calculators, the FX-601 P, FX-602P and the top -of -the - 
range (for the moment) FX-702P, we how have a dedicated 
printer for these machines: the FP -10 Mini Electro Printer. 
Although it is a little too large to fit in the pocket (6.25" x 3.25" x 
1.75"), it is light enough (13.1 oz) to carry comfortably in the 
briefcase (or handbag?). RRP is £49.95. 

The FP 10 may be powered by four AA size batteries, a 
special rechargeable battery pack or from the mains via a 
special Casio AC adaptor. Printing is achieved by the now 
familiar discharge system, whereby the metallised coating of 
the paper is vapourised, revealing the black paper beneath the 
aluminium surface layer. The 'paper' is 35 mm wide and allows 
up to 20 characters to be printed per line. Replacement rolls of 
this metallised paper come in packs of five, each roll being 
3.6 m long and the pack costing £2.50. Each line of print 
occupies about 3.5 mm, so approximately 1000 lines of print 
may be produced on each roll. The printing speed is a nominal 
two lines per second and the characters are made upon a 5 x 7 
dot matrix. 

On opening the box, first impressions of the FP 10 are quite 
favourable. It is, of course, constructed in that ubiquitous black 
plastic but nevertheless looks well-built, with clean mouldings 
and a quality switch and push-button which have a nice feel to 
them. The instructions provided with the FP 10 are clear and 
concise with less of the translation ambiguities which occa- 
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sionally accompany Casio's programmable calculators. Line 
drawings show the general layout of the printer, how to replace 
the batteries and print rolls, and how to connect the FP -10 to the 
FX-601/2P or the FX-702P with or without the FA -2 adaptor (for 
cassette record/playback). They are all very clear and easily 
understood. 

The printer has only two controls, a FEED button to ad- 
vance the paper and an ON/OFF switch; so familiarising your- 
self with the controls should not prove to be an insurmountable 
problem! Having reached this stage, the instructions split into 
two sections, one covering the use of the FP 10 with the FX- 
601/2P and the other dealing with the necessary commands for 
use with the FX-702 P. 

FX-601 P, FX-602P 
The instruction manual lists nine uses of the printer with the 

FX-601/2P. Although these nine different uses appear in a fairly 
logical manner they really reduce down to the following: 

to print the result currently displayed 
to print the current contents of all memories 
to print current program listings from any or all programs 
to print required results from instructions within a RUNning 
program 

Other options allow the combination of two of the above, ie 
you may print both specified program listings and the contents 
of the memories. You may also print the music memory list with 
or without the music program listing. 

Operational control of the FP 10 Printer is quite straightfor- 
ward but can sometimes involve as many as 10 keystrokes plus 
your 'filename' and 'password' if used. Hints on reducing these 
are given, as well as a couple of warnings concerning the use of 
certain symbols or commands which might either have thé ef- 
fect of the 'ALL CLEAR' key or possibly cause misprinting to oc- 
cur. 

FX-702P 
Again the four major options are as listed above for the FX- 

602/1 P, but in the case of the FX-702P calling the FP 10 Printer in- 
to operation is very much simplified. Only two keys need to be 
pressed (MODE and 7) to have the printer print everything 
shown on the display. This literally means everything... 
READY, RUN and READY P0:_123456789 all come up clearly 
on the printer if MODE 7 has been actioned. Obviously this is 
wasteful of printing paper and a more sensible method when 
printing 'manually' is to 'call up' the printer immediately prior to 
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FEATURE 

when the required result is to be printed. So if you wish to print 

the result of (23 x 32 x 5.6)x .75, key in (230*32*5.6) .75 and before 

you press EXE (execute), key in MODE followed by 7. This 

results in the printer first printing the expression (up to 62 

characters long on the FX-702P) followed by the result. MODE 8 

cancels the print command. 
Should you wish to print out the current values of the 

variables (A -Z, Al etc), LIST V MODE 7 will result in all variables 

being printed. Should you wish for selected variables (assuming 

only a limited number have been assigned) then the manual 
method above would be chosen ie MODE 7 A= EXE B= EXE 

Here we have the innards of this compact little gadget. 

.. MODE 8. To print a program listing is simplicity itself: LIST 

Pn MODE 7 EXE (Pn = the program area to be printed). Should 

you wish to print a complete record of what is currently stored 

in your FX-702P then LIST ALL MODE 7 EXE will give you a com- 

plete list of all program areas followed by the current variable 

list. Whenever a program list is printed, the number of steps 

utilised by that program is also recorded. 
Results obtained during the RUNning of a program may be 

printed in two ways: either by keying MODE 7 prior to EXE- 

cuting the RUNning of the program, in which case the result of 

every PRT (print) command will be printed; alternatively the 

operation of the printer may be written into the program. For ex- 

ample: 
10 INP "HOW MANY SHARES",A 
20 INP "UNIT COST:POUNDS",B 
30 MODE 7 

40 PRT A;" SHARES COST " 
50 PRT A*B;" POUNDS" 
60 MODE 8 

Line 30 - MODE 7 - has to be keyed in full as the 'MODE' key 

does not display MODE but is simply for fast manual operation. 

The Casio FP -10 Printer performed faultlessly throughout 

the time we have had it for review. The printout is always clear 

and readable but, with only 20 characters per line, this means 

programs intended to be printed out need a little more thought 

to ensure that important words are not split and printed on, two 

lines. The specifications state that approximately 6000 lines can 

be printed with one set of standard AA batteries. At present the 

review model has reached over 3000 lines with no sign of print 

degradation. If you feel the need for a printer to broaden the 

scope of your FX-601/2P or FX-702P then the FP 10 can be relied 

upon to make your copy 'hard' for a reasonable outlay. 

XCITINE..UI,11.. H5 I 
DIGITAL VOLTMETER MODULE 

Fully built & tested 
Positive and negative voltages with an FSD 

of 999mV which is easily extended. 
Requires only single supply 7 - 12V. 

High overall accuracy ± 0.1% + 1 digit. 
Large bright 0.43" (11mm) LED displays. 

Supplied with full data and applications 
information. 

Using this fully built and calibrated module as a basis now means that you can 

easily build a wide range of accurate equipment such as multimeters, thermometers, 

battery indicators, etc. etc. at a fraction of the cost of ready-made equipment. Full 

details are supplied with each module showing how to easily extend the voltage range 

and measure current, resistance and temperature. Fully guaranteed, the unit hasbeen 

supplied to electricity authorities, Government departments, universities, the P.O. 

and many companies. 

Temperature Measurement £2.15+VAT 

An easily constructed kit using an I.C. probe providing a linear output of 10mV/°C 

over the temperature range from -10°C to +100°C. The unit is ideal for use in 

conjunction with the above DVM module providing an accurate digital thermometer 

suitable for a wide range of applications. 

Power Supply £4.95 +VAT 

This fully built mains power supply provides two stabilised isolated outputs of 9V 

providing current levels of up to 250mA each. The unit is ideally suited for power- 

ing the DVM and the Temperature Measurement module. 

ULTRASONIC 
ALARM - 

MODULE 
Fully built 
& tested 

Range adjustable 
from 5' - 25' 

A really 
effective fully built 

module which contains 
both ultrasonic transmitter 

and receiver, together with the 
necessary circuitry for providing the 

appropriate delays and false alarm supp- 

ression. Using this module with a suitable 
12V power supply and relay unit such as that 

shown, a really effective though inexpensive intruder 
alarm may be constructed. The module, which is supp- 

lied with a comprehensive data sheet, is easily mounted in 

a wide range of enclosures. A ready drilled case, together with 
all the necessary hardware, is available below. 

Power Supply & Relay Unit 
£3.95 +VAT 

Incorporating a stabilised 12V supply and a 

s.p.c.o. relay with 3A contacts, this unit 
is designed to operate in conjunction with 
the above ultrasonic unit. Fully built and 

tested, its compact size makes it ideal for 
constructing the smallest of units. 

Hardware Kit £3.95+vAT 
A suitable ready drilled case together with 
the various mounting pillars, nuts and bolts, 
and including a mains switch and 2mm 
sockets designed to house the ultrasonic 
alarm module, together with its associated 
power supply. This hardware kit provides an 

ideal solution for assembling the economical 
alarm system. Size 153mm x 120mm x 45mm 

In addition to the above a wide range of competitively priced electronic 
components is stocked. Please telephone your specific requirements. 

V.A.T. must be added on all items. Shop hours 9 - 5.30 (Weds. 9 - 1) 

ex -stock delivery on all items. Units on demonstration, callers welcome. 

Post and packing charge 50p per order. S.A.E. with all enquiries please. 

RiSCOMP LiMiTED 
Dept. E.T.I.5. 
21 Duke Street 
Princes Risborough, Bucks. 
Tel: Princes Risborough (084 44) 6326 
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AN
INCREDIBLE

£44.95
(RRP £49.95)

Compatible tikh the EX -501P. FX502P, FX601P. FX602P and FX-702P. This 5 x 7
slot matrix electric discharge mini printer stores up to 30 characters and prints up to 20 per
line. al the last speed of 2 lines per saaind. Four AA size batteries will print from 6.000.
%Mkt line. approximately. depending on type. The rechargeable pack. NP 4M (price 16.901
soill print approximately 15.000 lines. The AC adaptor, AD 4150(price 15.00) will also
rcchnote the NP 4M in situ. Dimensions- 4t.511 x 157.5W x 82.5D (l;" x61" x 31")Wsgllt 172g 113.1 oil.

THE NEW 1982 CASIO WORLD BEATERS
WE WILL BEAT ANY LOWER ADVERTISED PRICE BY 5% providing the advertiser has stocks

NEW CASIO FP -10 MINI PRINTER

CASIO FX-702P
PROFESSIONAL COMPUTING SOLUTIONS

I tt the hosy protlosionat. lime spent wilting compute( programs O. lime waged. Ordinary
;oil:rano:risible calculators are hard to program and sufferlion limited memories. Desk top
computers are expensive. seldom feature accurate math functions. and are still hard to
novo ant.
Now there is a revolutionary solution. the praduct of inure than 2.000 hours deselopment
he MrCROL, sloe of Britain's moo progressive Computer Companies. Its name is
PROCOS.
Ised with Casio% ashamed EX 702P camputedeakulator. PROCOS will enableyou to

eteate powerful. ndiabie programs in just minutes - men if you host never programmed a
sompliter before.
PRIX -OS uses the 1:X 702P to create the electronic equivalent of pen and paper. giving

simple. one touch commands to write infiwniatioo wherever you wish, and to move
4. sin rine electronic page to another.
I %Mg PR(/COS. computer programs that meet your exact needs can he created inas link

km. 20Si of the lime taken by ciriventional programming. saving you many hours of
s skiable time.
AIM PktRI)S is powerful. With full 10 digit accuracy: and 55 math and advanced
talixlicx funciiiwo. your programs can use as many as 80 variables (data memories).
PIOR'OS is sersatilc too. Supplied in twin versants_ PROCOS A is ideal for complex. multi
satiable calculations. while PROCOS 11 prosaic% many of the features of -Visicalc type'

sysacin helping you answer 'what it questions and analyse trends.
PRt XI)); A ta 11 are supplied together on a ready to run cassette, with a comprehensive
Iser Manual. Amiable exclusively from TEMPOS. price L24.95 I but see hekm

ti n speeial ss stem pints t.

World's Most Powerful BASIC Pocket Computer

FX-702P

KRP £134.95

ONLY
£119.95

- ----v t........- - - ......- 1. I...- - LLa L. La L.- LO

Me FREE Mit'll4)1. Pri.fessional Programming Pack' 4RRP L9.951.
Flattens the Sharp PC 12I I

Alpha:numeric dot matrix scrolling LCD._ Variable input from 1680 steps.
26 memories. to MO steps. 226 memories. all retained when switched off. Up to
10 pnrgram%. Subroutines: 10 levels. FOR:NEXT looping; 8 levels. Debugging
and Editing. 55 built as functions. including Regression and Correlation, all usable
in programs. Program:Dion storage on cassette via optional Fig, 2 adaptor
I C19.O5k Ails, Power Off. 17x 165 x 82mm. 176g.

PACKAGE DEALS - SAVE UP TO £50 ON RRP
PACK A. 1 X 7021' Mk 114.951 Mi('ROL Professional Prow aiming P.,.
10.95) it19.95
PACK II: 1,X 7021, FA 2 remiComrol cassette interface 1124.951 4 PPP
PROCOS £155.00
PACK C: FX 702P  FP 10 Mini Printer + FA 2  PPP  PROCOS 1194.50
CASIO FX-602P 512 step Programmable with FREE MICR Of PPP.11 9 951E74.95

CASIO'S INCREDIBLE BOXING GAME
BG-I5 Calculating Alarm Clock ONLY £16.95
II r

t'att7."IIT4

- 5 3 - 30
"P" I4- h

BoxiNGAZ1
Fight up to 100 challengers of !Odin-trent weights and increasing speed and re h ample All
the realism old c ring with eight 30 -second rounds per bout. with points scoring. You must
win esery bout on paints or by KO to continue the game - scores arc incrernen al. Raise or
lower your guard in defence and attack. sway back to avoid a blow. or forward for
maximum power. Throw stamina sapping combination punches (with digital display of
stamina rating). high scoring counterpunehes. knock down and knock -out blows and lucky
punches.. You can even be moat by the bell! Digital display of hours. minutes and seconds.
24 hour alarm function. 8 digit calculator with full memory, 4. and sign change. Two sili-er
oxide batteries last approximately III months. 7.3 x 68.5 x 113.7mm45/16 x 2i isIi"s

1 os) With wallet.

NEW SPACE INTERCEPTOR WATCH
Gm -10 Alarm Chronograph (RRP £22.95) £19.95

LCD readout of hours. minutes and seconds. with
continuous display of Space Interceptor graphic,.
Automatic day. date and month calendar function
alarm mode. with hourly time signal option. 11100 second
stopwatch measuring net. lap and 1st and 2nd place times
to 1 hour.

Interceptor Game
The UFO beams. travelling from left to right. base to be
intercepted by changing the altitude of your defences and
Bring along the beam. A number will light up in the zone is'
the hit and when 4 zones are lit up a high bonus game
starts, Shoot dawn 16 UFOs without losing) missiles and
the next. speeded up. round starts. Sound effects arc
incorporated.
One Lithium hatter) lasts optima 15 months. Black resin
ease; crap. Metal bezel. Mineral glass face.

World's Most Versatile
Alarm Chronograph Watch
AX -210
10 alternative displays; over 60 functions. LCD
ANALOG display of time. plus: DIGITAL din.
play of: Time (12 or 24 hour); Calendar: Full
month calendar (this month and next month).
Dual tinte (12 or 24 hour): Alarm time:
Countdown alarm timer with memory function;
Professional I/100 second stopwatch with laps,
etc. 'lowly time aims) Alarm -electronic butter
or 3 selectable melodies. Rapid forward backward
setting. 9.4 x3.5.4 x 16mm

(RRP £34.95) ONLY f29.95

CASIO'S NEW JOGGING WATCH

J -I00 PACE RUNNER
Sets the pace for 1982
Displays hours. minutes and seconds (12 or 24
hours system). day and dale. Auto calendar:
caladmor: professional 11100 second stopwatch
measuring net, laps and 1st and 2nd place times;
Pacer mode. Con be used as a metronome to pace
your running, or any other event.
Input data: Length of stride. Pacer signals. front
394 pips per minute to 63 pips per minute.
Output data: Elapsed time, up to 24 hours.
Distance covered, number of strides, and speed

(RRP £22.95) ONLY £19.95

SHORT FORM CATALOGUE of latest calculators, key
boards and a arches available or. request. 14p stamp appreciated.

DELIVERY NORMALLY BY RETURN OF POST.

PRICE includes VAT and P&P. Send your company order, cheque, POor phone your Access or Barclaycard.

LEADING CASIO SPECIALISTSTEMPUS Dept ET1,
38 thirleigh Street, Cambridge CBI 1DG
Telephone: 0223 312866
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electronics today international

BOOK SERVICE
How to order: indicate the books required by ticking the boxes and send this page, together with your payment. to: ETI Book Service,
Argus Specialist Publications Ltd, 146 Charing Cross Road, London WC2 OEE. Make cheques payable to ETI Book Service. Payment in

sterling only please. All prices Include P Fr P. Prices may be subject to change without notice.

El Beginners Guide to Electronics Squires £4.50
O Beginners Guide to Transistors Reddibougti £4.50
O Beginners Guide to Integrated Circuits Sinclair £4.50
O Beginners Guide to Radio <Inn £4.50
U Beginners Guide to Audio Sinclair £4.50
U Introducing Amateur Electronics Sinclair £4.50
E, Introducing Microprocessors £5.20
E Understanding Electronic Circuits Sinclair £5.30
E Understanding Electronic Components Sinclair £5.30

E TV Typewriters Cookbook £9.35
E CMOS Cookbook £9.85
E Active Filter Cookbook £11.30
E IC Timer Cookbook £8.66
E IC Op -Amp Cookbook £12.20
 ITL Cookbook £9.15
LI MC 6809 Cookbook Carl D. Warren £5.30
iJ PLL Synthesiser Cookbook Kinley £5.85
El 8085A Cookbook T 1.15 £10.75

0 How To Build Electronic Kits Chapel £3.45
El 110 Electronic Alarm Projects Marston £5.25
O 110 Semiconductor Projects for the Home Constructor

Marston £5.25
O 110 Integrated Circuit Projects for the Home

Constructor f.1arston £5.25
 110 Thyristor Projectors Using SCRs Mars:c:r £5.25
O 110 Waveform Generator Projects Marston £5.25
0 99 Practical Electronic Projects Friedman £4.20

I- What is a Microprocessor? 2 cassette tapes plus a
/2 -page bock £10.00

 Beginners Guide to Computers and Microprocessors
with projects £6.05

O Basic Computer Games Ali £6.05
O Basic for Home Computers r,lh ecaa £6.60
O Illustrating Basic :\lcocK £4.25
 Troubleshooting Microprocessors and Digital Logic

Goo:Irrai £6.10
E: Z-80 Microcomputer Handbook £9.35

CC 0 Microprocessors in Instruments and Control Bibbero
O £15.30
Ch -1 Basic Basic Coari £9.95

Ei Advanced Basic £9.95
0 1001 Things to do with your Personal Computer

Sawusch £6.00
cc 0 Microcomputers, Microprocessors, Hardware.

Software and Applications Hilburn £17.40
oP Microprocessor Systems Design Klingmari £21.95
Its J Introduction to Microprocessors Leventhal £11.25
 _A Microprocessor Technology, Architecture and

Applications £11.30
E  Basic with Style Nagin £6.30

O Microcomputer Design Ogdin £9.25
kb 0 Hands on Basic with a PET Peckham £11.95
O 0 6800 Software Gourmet Guide and Cookbook Soul::
Z £9.30

u 8080 Software Gourmet Guide and Cookbook £9.30
I The 8080A Bugbook Rory £10.05
D D 8080/8085 Software Design i litJS £10.05
CL LI How to Design, Build and Program your own Working
E Computer System £7.10
O D Your Own Computer *art.:. £2.25
(,) Microcomputer Interfacing Handbook A/D & D/A £6.35

O Crash Course in Microcomputors Fenzel £14.95
 Musical Applications of Microprocessors Cidritionairi

£20.95
O The Pascal Handbook 1 iberghien £12.45
El 50 Basic Exercises _arroitier £11.10
El Learning Basic with the Sinclair ZX80 £4.95
El Microprocessors for Hobbyists Co es £4.25
O Introduction to Microcomputer Programming Sanderson

£5.25

O Microprocessors and Microcomputers for Engineering
Students and Technicians Vv'uolla-K1 £5.95

O Using CP/M - Self Teaching Guide Ashley Fernandez
£6.95

 Digital Countor Handbook Frenzel £8.65
J 33 Challenging Computer Games for TRS80-Apple-Pet

Chance £5.75
 How to Build Your Own Working Robot Pet La

£5.75
71 Microprocessor and Digital Computer Technology

£16.00
D Guidebook to Small Computers Barden £4.20
D How to Debug Your Personal Computer Huffman £6.30
E How to Troubleshoot and Repair Microcomputers Lei..

£6.30
0 6809 Microcomputer Programmes and Interfacing with

Experiments £11.45
L Wordprocossors Programmed. Training Guide with

Practical Application £
Digital Circuits and Microcomputers rl.,or £9.75
Experiments in Artificial Intelligence for Small
Computers £7.25

j The Oscilloscope In Use S nc a r NEW EDITION 1982
' How to Get More Out of Low-cost Electronic Test

Equipment £5.50

>-
cc0

I-

O Digital Signal Processing. Theory and Applications
Rabiner £26.40

O Electronic Communication Systems Kennedy £8.95
LI Principles of Communication Systems Taub £8.40

D Introduction to Digital Filtering Bognor £13.30
Ll Transistor Circuit Design Texas Instruments £10.95
Ll Electronic Circuit Design Handbook Design of active

filters, with experiments: Belo £6.80

-1

O
O

O

U

Li

0
0
0

Electronic Engineers Reference Book lurner £42.00
Electronic Components Colwell £4.00
Electronic Diagrams Colwel £4.00
International Transistor Selector Towers New £10.70
International FET Selector To.,,,,Jrs £4.60
International Op -Amp Linear IC Selector Tow.ers £8.00
International Microprocessor Selector Towers £16.00
Dictionary of Audio - Radio and Video Roberts £16.00
Dictionary of Electronics £16.00
Dictionary of Electrical Engineering Amos £16.00
Dictionary of Telecommunications Amos £16.00
Giant Book of Electronic Circuits Collins £12.75
World Radio/TV Handbook Vol. 35 1981 £10.50
How to Build Electronic Projects Malcolm £6.45
Modern Electronic Circuit Reference Manual
£33.50

Please send me the books indicated. I enclose cheque/postal
order for £
I wish to pay by Access/Barclaycard. Please debit my ac-
count.

1512121 4I

4 91_21911 I 1

Signed

Name

Address
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READ/WRITE 
Welcome to our new feature. We often get requests for a readers' 
letters page, so here it is - a soapbox for both you and us to air our 
viewpoints. If you've got something interesting to say, write to the 
Editor, ETI, 145 Charing Cross Road, London WC2H OEE. 

Dear Sir, 
FM mains remote control. 

The letter from D.V. Ford, Head of 
Distribution, The Electricity Council, 
comes oddly from a body which itself 
employs the power distribution system 
for remote control and signalling 
purposes and thereby, in some areas, 
completely blots out the BBC's signals 
on 200 kHz, Radio 4. 

Here, anywhere in the region of 
certain power distribution lines, the 
listener to Radio 4 is assailed by a 
hideous cacophony emanating from 
these lines at a frequency which has 
been cleverly chosen to be spot on 200 
kHz. 

Before writing silly letters about the 
highly improbable possibility of 
interference resulting from your FM 
mains control unit I think the Electricity 
Council should get its own house in 
order. 

Yours sincerely, 
Geoffrey H. Hillier, T.D. 
Nottingham. 

Dear Sir, 
Feature: Pickup -Amplifier Design; Jan 82 
issue, pp 19-25 

You do pick 'em, don't you?.. 
especially in audio -amplifier design. 
Take the section, "Noisy Thermals", 
p 25. 

Certainly there is thermal (or 
Johnson) noise in the base spreading 
resistance, rbb ; but the main causes of 
noise in a transistor when properly used 
are the shot -noise currents in the base 
current and in the collector current. The 
first adds noise to the signal by flowing 
through the source impedance (here the 
pickup), rbb' and, of course, through any 
other impedance that may be in series 
with these (eg a resistance added for RF 
filtering). The second is already present 
in the collector current; and - as is 
well known -is usually divided by the 
transconductance, g (= 1/r approx.), 
to yield an equivalent noise potential in 
series with the source (or in series with 
the base, if one prefers to think of it so). 
Your author fails to make this clear and, 
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moreover, utterly confuses three 
separate resistances: rbb , rb, and re. It is re 

that is equal to 25/1 (in mA) approx: rb 

= 25/lb (in mA) approx. 
Nor are the errors and confusions 

confined to this section. The 
calculations at the top of p. 24 are 
inconsistent within themselves., The 
author says; "At sufficiently low 
frequencies... ', and the context shows 
that this means below 5 Hz: he then 
substitutes äf = 20,000. 

Some of the phraseology is poor 
also: ie "electrolytic or tantalum" for 
"aluminium or tantalum electrolytic 
And the proof reading has not been well 
done; ie "recommended equivalent 
input noise voltage" for "typical" or 
possibly "guaranteed".. . 

As I think I have said in an earlier 
letter, you really do need to supplement 
your own expert knowledge with that of 
a panel of readers or referees. 

Yours truly, 
E.F. Good, 
Darlington. 

Dear Sir, 
For many years I have been a hi-fi 

enthusiast and have owned systems 
ranging from Amstrad to Bang and 
Olufsen, but have never owned 
anything high powered. 1 have been 
using Kef speakers, Thorens turntable, 
Audio Technica arm and Ortofon VMS 
20E cartridge for some time now, and 
have longed to build an amplifier 
similar to the Meridian. 

I buy ETI on a regular order, and 
when the July issue arrived, my dreams 
had come true, or so I thought. The 
preamp appeared to be everything I had 
wanted, so I immediately made a PCB 
(without the error) and one for the PSU 
and started building them. 

Then the August issue arrived and I 
nearly died when I saw the power 
amps! I had anticipated that all the 
modules would be the same size (as are 
Meridian) and had built seven identical 
cabinets (12" x 6" x 2"!) in readiness for 
the "matching parametric equaliser unit 
and two other blocks 'still under 

development' - which I quote. 
That was in August and everything 

has since shared the same corner of the 
shed as the spiders and rats! 

Today I was cleaning out that same 
shed when 1 had a sudden idea, which 
brings me to the point of this letter and 
a possible reprieve for Mr. Stan Curtis 
and myself. Please ask him the 
following questions: 
1) could the standard preamp be used 
with the power amp advertised by J.W. 
Rimmer, model no PFA 80, page 101 of 
the December issue? 
2) if not, could the preamp be altered to 
be used with the PFA 80? And if so, 

please help with details. 
3) what ever happened to the parametric 
equaliser you promised? 
4) if the PFA 80 is unsuitable, can you 
advise an alternative power amp of 
about the same size and price which 
could be used with your standard 
preamp? 

If you can help 1 will be extremely 
grateful and will continue to read ETI in 
the hope of finding more modules. 

Yours faithfully, 
F.S. Curry, 
Blackpool. 

1) Yes. 
2) Not necessary. 
3) We're working on it. 
4) The Crimson reviewed in Audiophile 
last month will also be fine. 

Dear Sir, 
gef. Digital Clock - ETI May '81. 

What follows is probably 'old hat' 
to you by now - but I've had to make 
the following modifications to your 
design in order to obtain a reliable time 
keeper from the kit obtained from 
'Magenta'. 

Having completed the clock and 
set it going, I found that two errors were 
occurring. (a) Random clockingof two 
minutes forward instead of one. (b) 
Gaining about 30 seconds per day. 

1 located the cause of this latter 
error with the aid of my scope. It is 
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FEATURE 

caused by the following sequence:- 

SCHMITT TRIGGER LEVEL 

OV-I I 7 
HALF -WAVE RECTIFIED INPUT TO IC1a PINS 12 AND 13 

I I 

NON -INVERTED OUTPUT FROM SCHMITT TRIGGER GATE 
I I 

LJ` 1111AL 

INVERTED OUTPUT FROM IC1a PIN 11 

The output of IC1a is a square 
pulse train of about 15 mS pulses 
followed by 5 mS intervals (sorry - 
drawing is not accurate representation). 
The reset pulse at IC1 b is about 50 uS 
duration and thus 1C2 is being reset so 
fast it is counting the 3000th pulse at 
the end of one minute and at the 
beginning of the next, thereby adding 
1440 pulses to a 24 hour period. This I 

have overcome by adding an extra 
4093E on a small board behind the 
main board and by using one gate, re - 
inverting the pulse train to obtain pulses 

of about 5 mS with intervals of about 
15 mS. I have also lengthened the reset 
pulse by adding a 10nF ceramic 
capacitor in parallel with C3, tacking it 
on to the back of the board. The clock 
then kept perfect time with the mains 
clock on my stereo timer apparatus. The 
extra gate was inserted by cutting the 
track from IC1a pin 11 to IC2 pin 10 
and running link wires from the back of 
the main board to the additional board. 

The reset pulse bouncing at IC4a 
pin 10 appears to have been cured by 
reducing R6 from 10k to 6k8. The clock 
has now been running for five days and 
keeping perfect mains frequency time. 

In early trials of the clock, ZD1 (12 
V 400mW) appears to have overloaded 
and short circuited so I also had to 
increase the capacity of this diode. 

The following comments on the kit 
are probably not of interest but: - 
The kit supplied by Magenta is supplied 
with LEDs round in shape and they are 
too large to fit on the board without 
paring even though your article states 
that round LEDs of 6 mm size are too 
big for the board design. 
The track from 1C2 pin 5 to 1C3 pin 11 is 
missing from the board supplied by 
Magenta. (I've had two boards and it 

was missing from both.) 
Many of the tracks on the component 
side of the board are too close to the 
LED leads and will come into contact 
with the LEDs unless, as I had to, you 
file away the LED lead shoulders and 
make the tracks even thinner. 

However, having finished it and 
made it work correctly I'm quite 
pleased with the result - it certainly is 

visible and legible from a distance. 
Yours sincerely, 
J.C. Davison, 
Whitstable. 

P.S. From 'Electronics Digest' Vol.2. 
No.2:- 
FM Mains Distributor - page 18 - 
Transmitter board - IC1 (78L12) drawn 
in the wrong way round in component 
overlay diagram. 
Ambush - page 26 - 1 could not get 
this to work unless I took 12 V to pin 12 
(carry out) of IC12. Having done that the 
game works perfectly well. Take away 
the 12 V and the 'zero' goes high and 
stays that way, slightly oscillating with 
the clock pulses. 

What more can we say - except thank 
you! 

Metal cased 9" 

CROFTON 
MONITOR 
10 MHZ Bandwidth 
P4 Standard 
£59.50 + VAT (68.42) 
+ carriage £3.00 

For P31 (green) high 
resolution tube add £12.50 +VAT (£14.38) 

NEW.PRINCEc MONITOR 
High resolution 
24 MHZ Bandwidth 
P31 (green)Standard 
for only 
£78.00 + VAT (£89.70) 
+ carriage £3.00 

ALL MAJOR CREDIT CARDS 
ACCEPTED - Small surcharge 

CROFTON ELECTRONICS LTD 
35 Grosvenor Road, Twickenham, Middx TW1 4AD- 

01-891 1923/1513 

PARNDON ELECTRONICS LTD. 
Dept. No..23', 44 Paddock Mead, Harlow, Essex CM18 7RR. Tel. 0279 32700 

RESISTORS: Va Watt Carbon Film E24 range .± 9Y . tolerance High quality resistors 
made under strictly controlled conditions by automatic machines Bandoliered 
and colour coded. 
£1.00 per hundred mixed. (Min 10 per value) 
£830 per thousand mixed (Min 50 per value) 

Special stock pack 60 values. 10 off each £530 
DIODES: IN4148 3p each Min order quantity - 15 items 

£ 1.60 per hundred 

DIL SWITCHES: Gold plated contact in fully sealed ha -c .,'Ice !how 
programming problems. 
4 Way 86p each 6 Way £I-00 each 8 Way 1.20 each 

DIL SOCKETS: High quality. Soc profile sockets 
8 pin - 10p. 14 pin - 11p. 16 pin - 12p. I8 pin - 19p. 20 pin - 2Ip. 

22 Pin - 23p. 24 pin - 25p. 28 pin - 27p. 40 pin - 42p. 

ALL PRICES INCLUDE V.A.T. & POST & PACKING-NO EXTRAS 
MIN ORDER - U.K E1 00 OVERSEAS E5 CASH WITH ORDER PLEASE J 

AUDIO VIDEO SERVICES 
19 Galsworth Avenue, Romford RM6 4PX 

01 599 6680 
Mail 0 der: CWO Please add 35p P&P 

VAT 15%. Send sae for price list 

LS174 58p 
LS175 58p 
LS221 70p 

MICROS 
2102 105p 
2114 145o 
4116-3 145p 
2708 210p TTLLS244 

7400 10P 
74107 32p4025 
74109 35 

16p 
4027 27p 

LS10 16p 
LS12 17P 

LS242 95p 
850 

LS245 110P 

2716 375p 
8080A 400p 

7402 10P 
7403 14P 

74121 32p 4029 75p LS13 32p 
OPTO 

7404 t4P 
74123 35p 
74141 45p 

4040 60p 
4046 70p 

LS14 48p 
LS20 160 DL704 95p 

7407 25P 74151 40p 4049 28p LS26 19p DL707 95p 
7409 17P 74153 40p 4050 28p LS30 18p TRANSISTORS 
7410 14P 74157 60p 4051 62p LS42 36p BC107/8 11p LEDs 
7413 25p 74160 55p 4052 62p LS51 17p BC109 12p Green, Red 
7414 34t' 74161 55p 4053 62p LS54 18p BC147/8 IP Small 12p 7416 25p 
7420 14P 

74162 540 
74164 55p 

4055 60p 
4060 85p 

LS73 30p 
LS74 25p 

BC157/8 10p, 
00182/4 9p 

Large 15p 
7426 28P 74174 70p 4066 35p LS90 33p 80212/4 9p REGS. TO -220 
7430 15P 
7438 26p 

74175 70p 4069 17p 
4081 22p 

LS92 42P 
LS93 39p 

BCY71/2 22p 
BD131/2 40p 

7805 55p 
7441 55p CMOS-8 4081 22p LS107 35p 0U208 150p 7812/5 60p 
7442 40p 4001 12P 4082 22p LS109 30p 2N3055 44p 7905/1215 60p 
7447 45p 4002 12P 

4009 
4511 55p 
4518 45P 

LS123 60p7451 

LS125 
p OLow 

VEROSOARDS 
7451 16p 14P 4520 65p LS126 49p12P PIL rofile Copperclad 0.1" 
7454 16p 4012 18p 4543 115p LS133 32p Spin Bp 2.5"x3.75" 73p 
7473 26p 4013 33P 4555 40p LS138 66p 14 pin Op 2.5"x5" 83p 7474 25p 
796 25p 

4016 28p 
4017 50p 

74LS 
L000 12p 

LS139 40p 
LS157 57p 

16 pin 10p 
13 pin 160 3.75"x3.75" 83p 

7490 28p 4020 60P LSO2 15p LS160 54p 24 pin top 5"x3.75" 95p 
7492 35p 4023 19p L003 15p LS161 54p 28 pin 24p 3.75'x17'' 326p 
7493 30p 4024 39p LSO4 150 LS164 49p 

tar 
40 pin 32p 4.7'x17'' 426p 
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PIEZO TWEETERS

REA- QUIP

TOGGLE 130w

SEIKO IR-A.0.197 RACK- MOUNTING CABINET.
Sr Top tKAID/71 ant 1111

tohr ssnresi. for ntr ass * 0 ros ha.* -saws tut, oirs ta hrnsr.  , ..... r -.r 1 r

SOLDERING IRON, --,;-,- '--- ... ----' --"" r"------ '"--"'*"..---
f 2-95 t1,5

chrran ',p.n..; p Ms  p thripl and hsa losr masse", pot, ...... In slams* froth * Iron, porrs, .1 or trnsr.d
or ..... nom I ere, drollantrl wort. naavry chprned heonliss * 0220 vac

4 Front Panel 480 0 150\ NEW CATALCSGUE\7
425; 250x 140nirn

WE SUPPLY
try us 1129 55

I

3amp

250VAC

ON/OFF/ON - 88p
ON/NONE/ON P85p ? °(-) OFF INDUSTRY ALSO.
ntO, alvane

Z -BOX a -
lurr .orn : b -

I

git c_
d -

11,55 11*,,kst
196141 x 1 I 31h1 60:`""' £2.05 i)5
139:0; a fi81h1 R 41(Vd!,,,, 1.1 -1

Os:,.0.031d1., 540:-  281w low £0.80.R

THE ALL ROUND RIBBING ALLOWS PCB's
TO BE MOUNTED EITHER WAY

\.
TOP

QUALITY Or Free Standing
Tins. poplupppr*o rpta rnro ,. th.or that rrnh silo" yfsr H oar yore rs .. .. W11 ter Ms bench 4arSrnh',9
toted. ...mein. roar eqophanta-d re, bottaatte.e.nerene Thy 0nstrhan it. mcossopshir*, hat at of

de held.. KV nfroirlapset trons dehosatcret cat 8102480

DIODES
1N4148 -2p
1N4001 -3p
1N4002 -3)4
1 N4003 - 4Vop
1N4004 -5p

Bridge Rectifier lamp 50v
W0.005 - 16.5p

mini relay. 4p2t.185 ohm . 12v coil
BASE - 45p £.2.95Gold pt terms x 14

metal cabinets
Tin. W. Lks.ults..1y msrlsrs,hfsd Latrnelashor an alatrannen Ode
aid 149.41.mM...sem Tea tom Intel and, rabbet let le plead
the ten, tuned tow an remota and tested in in StYlitessr Iwo lone
liftsh The nee *set.. Cheney In DO* hoOttnat tent..
menial .nrtz and many Tee panaela

a- We  IMIvilwre i1-70
b- MIA s 0104  leamtnrr. £2.55 £320

octal  reen  'm(.or., £3.04 £3la0
d - 19409  VAN! 1404..*'" 4.08 43lc0

ADD VAT at std rate
LOrder value under 0.00
Add 50p. P and P kg

POWERSINK

51-35

neeto
anted in face. eno Pones

d men toms ..Thatah. TO -3 10.126 TO
220. 10411 Slid 7544 a 1021w1 a 2Sheee. Thema&
read:arca venannrq stater in eatnen 1C../Yen
IT eft/ea rt efeirai Men .% en.* tOPPC1+.11.1.
net .bps ereent OOT  )3111 heat tehpann:

lir U.K. &
AGENT

SWITCHES & SUPPLIER
Ii DISTRIBUTORS WANTED«

SLIDE SWITDIES
I P2T 10p
2P21 pcb 12p
2P2T 12p
2P3T 20p
1 P4T pcb 26p

P2T - 28p
4P 3T 35p

6P31 pcb 42p
4P 4T 45p
6P 3T + 45p
4P 3T side 48p
1P 2Tspg..zrto 20p
6 P3 T soggie 55p

ALI K41019

ILLUMINATED
lir Push to Make £1.35

RELAY-A-OUIP PRODUCTS. 11

Moat Lodge, Stock Chase. VISA
MALDON, Essex,U.K. CM 9 7AA
0621-58084

QUALITY DOES NOT HAVE
TO COST VERY MUCH !

AUDAX 111-F1- SPECIAL PURCHASESill 1020825ISICIr Bass mud Lenge &clime curie 40.'60 wall systems 09.85
024.44S2C IT high performance bass Foarn suspension.
El' Ell wall systems. [1285
11013425144C Sy. bass mid range 13extrene cone limo oratl system

£516
41ittKiilikr:.21?nmeallet mount! version. £535
111F10.1S MC er bass mid range foam smound 'mute- silver front
5:.'53watt system. ERZ
111 MEDI 8' bass mei, ange Fed 3V50 watt systems roll Slirrour4.
r'eatc0 cone 1 ohm OM II ohm MI6
Illf87SS0 4 -closed back mid range tot 30150 watt systems. CIS]
H0100E115101 r dome tweeter r frame Ice 60/0) watt systems 695

mDlel !of B X.m unless staled !UK Post el: Somlitrs 70. twtelers and and raced 50)

TV SOUND FROM YOUR HI-FI IMk 1111
High quality TY sound conyeeter.plugs into aerial
socket of your FM tuner 9 volt battery operated
lbanerynot suppliedi. Homing to look at .. but just
listen, Covers all U.K. UHF Channels.

*Fitted slow-motion drive IMk 1111 £1150
Four button push,butionverston (1158 p 65p. WI< Pool etc. b5p)

On Demonstration for callers lo 331 Edgware Road.

Clean vane Wayttar thliVtatti rn.erels Nem:sew
reciwee Suitabb 14.5:111:9TettS - note in sums.
I tharange tem for 4.'84,a...raps
2 Tweeter torn* tielitdiscotpa
3 NMI, nhli and diSO) 6395
4 Fbt typo tali 6350
5 Mend version al No 3 (116
I &Nord fret sitedirs hi.t rata, £11130

UK 201121ft adDitralAttrak, trIl'r

ORDER BY POST OR PHONE OR CALL IN
Cuheuate Limited

E.1.11

AUDIO ELECTRONICS
301 Edgware Rd. London W2 1 BN
Tel: 01-724 3564

1 "J Also at Henrys Radio 404 Edgeware Rd. W2

ALL PRICES
INCLUDE VAT

POWER DIMMER MODULES
 . A range of electronic modular dimmers designed to

suit your custom channel and facility requirement

 Complete With fasmaoonolionder  Common Now or Live lamp
 1000 Watts per ',bonnet outputs
 Preset/remote facilities on multi -core * Monte, overall dimming
 RFI oppressed/fused  Multi-ehemel bun bar oaring

SPC Controls the load directly. Also accepts a remote Input

PRICES (I oti 1
override from an RS.

SPU A slave unit coot/Ming the lamp loom an RS for SPC 013.80
remota and weal systems SPU DM

m C For master dimming up to 20 SPCISPU. MC E7.20

RS Remote unit for S PC/5 PU. preset systems- RS E8.50

SU PPLWRE F Supplies scnel control fries to all modules. Sup.' rel E18.20

3 CHANNEL SOUND/LIGHT 21418 CHANNEL CHASER
CHASER LB81000LC

L0310005LC £35.70

01, --.1i,
'

4N 4.,,, . ..
A P

£28.00!" Utgplia,* Ana. ,o.9.: chaser system for VS. en'. dP T:., :

:.'
Marmots 1.000 welts each Fooritres ....cry!,sc.JP  "IS A I'llh Perfornianct

pm:halo hold system winch
trigger end module cascaohd Ilf

24.32 rvareel. etc I. chase speed and re r-24.32
iiiirornalica,v winches to s chase when Me
music ceases Super sensdne weih An ant.
merference circuit. the unit kaili operate trer,
rnaelicallv any amp and violas! IA to
, ootrityrtnanne. 5142 to 70K Continia busy

4 CHANNEL SEQUENCER
nhd 't,cl:dennete sensT,, oche. 10001 LB41000LS

3 CHANNEL SOUND/LIGHT
LB31000SL i /illielkilliiike,

; I" a- .1- .0 i,5k.,,._,. u'/
£19.20£22.70 A 4 chlthlrf* StarMarrefl generator for banks of

All thy pdrantage. yells up to I ,0:13W par channel. Two spend
ohne SIC will -out ahen :netre311, miss ettaCt to provide sevens, lin-

Conirols hannttraVIttitdelhastet ertadevity teen hrennds 0TO MOW Net,

Please note the following discounts are available on potter dimmers: Total order: E103 to
£199 less 20%. (200 to E299 lose 25%. E31:0 plus, less 30%. All prices Include VAT. Post 75p
leaCePt power dimmers E1.50/ Cheques/postal orders/Access/COD vioeleOrno. Pot furthe,

information Tel 016894138 or simply write to:
LDS ELECTRONIC. 45 WORTLEY RD, WEST CROYDON. SURREY. CRO 3E8
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HOW TO SUCCEED IN THE ELECTRONICS BUSINESS:

Arrailabli: at your
newsagent or

direct for
60p p&p
inc

The
WORLD

[I RMHO St..)
ELECTRONICS

A.111.1.0(,[1.:

f;ll:

r CONCISE PARTS CATALOGUE
AMRITINTERNATIONAL

CMOS
4033 0.11
4031 0.11

40132 0.12
4(07 0.13
413:8 0.50
4035A6 0.80
40:0 025
4010 0.30
4011758 0 24
4011 0 11
4013 025
4015 0S0
4016 02I
4017 040
4019 038
4020 0 SS
4021 0.55
4022 0.35
4073 0.15
4024 0.33
4025 0 15
4026 105
4027 0.26
4028 0.50
4029 0.55
4033 0 35
4035 067
4010 050
4042 050
4043 0.50
4043A6 0 93
4044 050
4046 0 60
4047 0.136

4049 0.24
4050 0.24
4051 0.55
4062 0.55
4063 0,55
4054 133
4055 130
4056 1 30
4.1W 5 75
4060 0.75
4063 1.15
4066 0.30
4367 430
4168 010
406946 014'
4070 016
4071 016
4072 018
4373 016
4075 016

VI. 0.55

INVEST 60p,AND MAKE
£2.40 net -profit

Buy Ambit's new concise component catalogue and get El
vouchers. Use them for a El discount per E.10 spent. But even
without this, you will still find WR&E offers the low prices,
fast service and technical support facility second to none.
Here are some examples from the current issue:
I.C. SOCKETS
A ring, of high quality, low colt,
low profile DI L sockets ideally suited
for both the OEM and hobbyist. All
types feature double sided phosphor
bronze contacts, tin.pluted for tow
contact resistance.

8 x 0.3" 12p 22 x 0.3" 20p
14 x 0.3" 13p 22 x 0.4" 20p
16 x 0.3" 13p 24 x 0.6" 22p
18 x 0.3" 18p 28 x 0.6" 25p
20 x 0.3" 19p 40 x 0.6.* 35p
20 is 0.4" 19p 42 x 0.6" 38p

VOLTAGE REGULATORS
78XXI A TO -220 pot 0.58
79X X 1 A TO -220 nag 0.60
78G 1A TO.220 adj pos 1.10
78G 1A TO.3 adj pos 3.95
78H5A TO.3 5v pos 4.25
78175A TO.3 12v pot 5.45
78HG5A 70.3 adj pos 7.45
79HG5A 70.3 adj neg 7.45
LM317.5A adj pos 1.30
LM337.5A adj neg 1.75
7136401.575 adj pas sw rng 1.20

DISCRETES 8G556 12p
BC737 8p 8G550 1 2p 2SK 1 6 8 35p
BC23 8 flp BC5E0 1 2p J310 89p
2T X 2313 9p 80639 22p J176 65p
BC239 8p BC640 23p 40823 65p
BG307 8p 2SC1 775A 22p 151(45 49p
BC3013 Bp 2SA87 2A 113p 35K51 54p
BC309 8p 26D666A 30p 35K 60 58t
BC4 13 10p 258646A 30p 3SKI38 99p
8C414 11p 2513668A 30p ME M680 75p
8C415 10p 2S8648A 40p 31960 99p
BC416 lip BF256 38p 81961 70p
BC646 12p 25855 28p 131963 90p

XTALS
1MHz 3.00
3.2768MHz 2.00
4h1Hz 1.70
4.19454Hz 1.70
4.435IHz 1.25
55151z 2.00
6.5536MHz 2.00
7MHz 2.00
8MHz 2.00
9MHz 2.00
10MHz 2.00
11MHz 2.00

Prices shown seclude VAT. Postage
50p per order (UK]. ACCESS/
BARCLAYCARD may be used with
written Ot telephone orders official
MA details on application, end a
special prize for those who read our
ads carefully  e free 4 or 8MHz
crystal with every CPU IC you
buy just clip out this paragraph end
attach it to your order. E&OE.

741574EN
74152494
74152514
741525347
74.5257N
741.525E04
7415259N

1.35
1.36
0.35
035
040
0.37
0.60

74CO3 0.29
74002 0.20
74C04 0.20
24C08 0,20

Co 20

741521304 0.50 74CI4 0.06
74152664 0.22 74C204 020
74152734
741.927514

0.70
3.20

7

74C32 0.2002°

13:?

0.10
7"41155i8rjrNi ;442112 1.03
741528304 042 74C73 0.50
7415290N 0.50 74C74 050
741576314 040 74C76 0.48

09677441.1275N :in 7744033
098

741.536614 0.31 028
741.5366N

7

2.613

7415367N
741.53193N
7415373N

0.32
0.35

74C90

C9689

74C93
0 80
0.90
0.94

74.4trit1:41
7

:4700 7744E11271 144

141517774 065 74054 2.26
741.5378)4 065 740157 1.52
741.5379N 0.60 0.83

774411-5384N 22..0550 74C151

7744:116260

00 601I°

74153954 029 74C163 0 93
7415390N 080 74C164 080
741539304 0 6I 77442;66 084
7415335N 210 73 072

75 7441111067is

741.5399N
744.5445N

I 99

r015)
140

74C174

7744P174

74093

072

00 8072

080
741544774 1 95 740185 060
741549014 1 10 740200 4 57

774411

2,,,N
'

106

741567049
1165
1 70

777,442:20°,1 0 33
0 38

RAM
74C903 038

038
2102 564
2112 31 40" 7174C9094409e4 030

t *9 740937 038
4024:211467'22 5 78 740939 084

159 74C939 152
4116 3 1 49 14C910 3 62
4864P 1.2 50 74C914 0 86
6116P 3 900 74C919 0 98
61160 4
9264 11770 774499365

4 32
432

74C927 432

4078 0.18

4099 010

4706 450 744814 0.56 7446451 0 56 74387N 0 85 741.5112N 0.20
4720 4.00 7462 0.14 7415651 0.55 7421994 0.95 745111314 020
4723 095 745151 0,14 741584 0.56 74390N 1.85 7415114N 0.19

41:03 0.30 4724 095 745304 0.14 7415714 Q55 7433351 1.85 741912.214 0.33
4082 0.11
41:81 0.12

4077 0 18 4705 414 7447K 0.62 7445374 0 56 7437:651 0 85 741510914 0.20

4725 2 24 7.45414 0.14 7415941 1 go 74493N 1.85 741512114 031
4175 090 40014 0.54 7460N 0 14

74051)47415CN

00..55557470141104507 090 40335 0.99 028 74LSN
74Ls12.414
7415128N 024

4506 0.70 60106 0.69 74734 0 28 74183N 0.56 7415014 0.10 741513274 0.42
747214 0 27 74152N 0.56 741.51:04 0.10 741$126N 0.244503 030 42038 0 54

7474N 0 28 7476414 0 56 74LSCON 0.11 774411;33N 014040163 1.056.214507 0.31
4506 1.50 40161 1.05

40182 1,05
74754 0 35 7416674 0.56 741503N 0.11

4512 0.55 40174 105
748077 0 26 741137N 125 7415054 0.13 741503904 3.30
749114 020 7417049 125 74LSOEIN 012 74L51451x 1.20

"
40163 1.05

7476N 030 74166N 0.70 74150414 0.14 741513814 0.304510 0.55
4511 0,45

4515 115
43175 199 7482N 075 7417374 110 741 SO9N 0.12 741515114 0304514 1,25
40192 1,04 74864 075 7417414 075 74LS1ON 0.12 74LS153N 027050

4516 0.60 40193 105 74/31S4 024 7417574 075 741511N 0.17 74.5154N
749974 105 7417674 0,75 741.512N 0.12 7415156N 035

714499 i N5I 00 5)35

4518 035 40194 1.01
4520 ego
4521
4522 0 89

I.3D TTL N

40195 1.08

7492N 0 35 741194 1 35 741.51514 0 12 7415193N 0 30

74177N 0.75 741.513N 0.20 74161513N
0.93 741514N 0 30 7416157N

037
020

4627 010 74004 0 10 7493N 035 7416)9 075 74LS2049 Oil 741.5160N ;37
4528 0!S 741516104 071
4529 010

740174 0 10
740214 020 74954 060 7419274 070 741622N 11.12 741576211 0 37

7494N 0.70 7418114 I 22 7415214 0.12

4531 0.65 740104 0.11 74964 045 7411314 t 20 741.92141 0.14 741.51134 0.37
4532 010 7431177 0.12 74974 140 741E64 I 20 741927N 012 741516471 0.40
4534 4.00 742504 0.12

7406N 0 22
7734110,02 1 10 7418604 300 741.52841 0.15 74151654 0.61

4536 2.50
4538 0 40 7407N 0.22 74106 00 6262 7744119931NN 00 5555

741.533.4 0.12 741516674 0i
7415324 0.12 74151684 0

4539 010 740814 0.15 74107 026 7419214 055 741.533N 0,15 74151694 065
4543 040 740914 0.15 17441109.14 035 7419314 055 74153774 0.15 741.$170N 0.90

4553 2.70
741014 0.12 74153874 014 741.6 1734 0 60

4554
741104 0.18 741114 068 7419514 055 7415404 0.13 74.517434 040

0 54 74194N 0 564549 3 50

7412N 0.19 1.70 7419614 741.542N 030 741517671 014)11.20 774411112N 055

1 75
4566 035 7413N (127 674 198 7419774 0.55 74194774 035 741519171 1

4656 040 741404 0 51 7411874 095 7419814 085 741S4874 045 74151934
4557 230 7416N 027 74119N 120 741,9051 100 74549N 056 74151894 128

4559 3.50 7429N 0.13 1412174 034 7424874 1.50 741.554N 0.14 74151914 0.45
74120N 095 74221N 1 00 741.55114 0.13 111.519C61 8454558 0.60 7417N 0 77

4560 2.511

4561 1.00
742104 028 7412204 0.34 7424774 151 74155504 0.14 747.5192N 0."

4562 2.50
74214 0 22 7412374 040 74248N 1 89 7415734 0.21 74191934 0.42

4566 7.20
74294 0 22 7412514 0.40 7424914 0 11 741574N 0.16 74L51944 0.35
7426N 022 7412114 040 741514 1.95 7416754 022 74151964 035

4568 1.45
4569 1.70

7427N 0 22 .41211N 0 66 74265N 0,66 74157674 020 74151964 0 55
74.3071 0 12 74732N 050 7427313 2.67 741.57841 019 741519771 0.80

4572 0.27 7432N 0 23 74136N 0 65 7427874 2 49 77,4iLs90493N

0600.40

74152034 3.40

4593 3.25 7437N 0 22 74141N 0 45 74279N 0 8974152025 3 45
4581 110 0 72 74142N 186 7428304 130

741990)4 0 32 74152473N 0.60
74158614 0.14 741522177 0,50

4582 0.70 g 5414

741441474143N

2 50 7420AN 3 50

4584 0 2/ 741204 0 42
7744%-Lr93NN 00 3311

7474514 0 76 74180N 1 00

741591N 0 211 74152415 0804583 0 $02 50 74285N 3 50

4585 0 49 74434 0 62 74I47N 1 59 74193N 1.05

7415141% 0.70

4702 4 50 74169E47 0.40 741524404 0.60
741514357 0.70

37C01 4 48 74454 0 02 7415004 079 7429804 186
75404 0.62 74148N I 09 74297N 2 36

741S9EN 1.20 7415245N 0.80
4704 4 24 7446N 0 6.2 7415104 . . 7 ..;.N . :. 741510774 025 741524704 1 35

Processors
8080 series
81:1904FC .2 37 30
8212 2 30
8214 3.50
8216 1.05
8224 3.50

fa5I 5.40

88004809
sum t2.00
68600 4 25
68B00 4 55

6932 3 50

6939 15 75
6810 115
68410 1 85
681310 2 04
6820 1.95
6821 115
68421 2.10
68821 2.25
6840 425
68.440 4 55
68840 4.05
6850 I.5D
66893 2.13
6852 2.95
68457 275
68652 295
(1744518 575

Z80 series

2804081 0736076

/80A

Z804510+2 11.00
Z7304510:1 11.00
ZEIDAPIO 3.50

ZE04510,9 9.93

280ACTC 450
280CIC 4 0)

28001 65 00

PROM
27013
7716
2532
2712

2 IX:
13

CA

la

TElEPHOM .STO 11211 130909 TIT X 991.1194 AMBIT G POSTCODE CM14 4SG

AMBIT internationa 200 north Seruire Road, Brentwood, Essex
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AUTORANGING 
CAPACITANCE 

METER 

This project is designed to measure 
capacitance in the range of 100pF 
to 1000uF with no help (or 

hindrance) from the operator once the 
component is connected. Apart from 
the power switch, there are no external 
switches or knobs to adjust and only 
one internal adjustment. Once the 
instrument is working, setting up and 
using it is very simple. 

The measurement capability of the 
circuit covers eight decades of 
capacitance and all but the lowest 
range should give true readings. The 
limitation on the 100pF range is due to 
the stray capacitance at the 
measurement terminals and the very 
high impedances necessary to give any 
sensible result. 

The accuracy of the whole 
instrument depends on the quality of 
the five range resistors and the 
adjustment of PR1. The range resistors 
should preferably be 1% tolerance and 
of good quality. The threshold setting 
resistors in the comparator stage (R24, 
R27, PR1) should also be close 
tolerance devices if possible, although 
5% components would be adequate in 
most cases. 

There is a mixture of technologies 
used in the project; bipolar and TTL 

devices have been used where speed of 
operation, high current or low leakage 
were of greatest importance, while 
CMOS logic devices have been used to 
keep power requirements low wherever 
possible. The range switching logic and 
measurement sequencer are fairly 
complex but this was found to be 
necessary to avoid using very high 
frequencies, excessively high or low 
resistances, or waiting too long for a 
reading. The maximum response time 
for this device is about one second to 
get a reading on the 1000uF range. The 
lower ranges respond in milliseconds - faster than the display can follow. 

Theory 
If a voltage is applied via a resistor 

to a discharged capacitor, the voltage 
across the capacitor rises exponentially 

o 

vs 

o 

Fig. 1 Basic capacitor charging circuit. 

o 

o 

Look - no hands! 
The only control on 
this piece of test -gear 
is the onloff switch; 
the only connection is 
to the test terminals. 
Design and 
development 
by Phil Walker. 

towards that of the supply (Fig. 1). From 
basic principles: 

Vc = Vs (1 - e-URc ) 

V5 -Vc = e-uRc 

Vs 

loge V_5_2_- Vc = - t/RC 

Vs 

t = - RCIog2 V5 -Vc 
Vs 

t = RCIog2 Vs 

Vs -Vc 
(1) 

This equation shows that the time to 
charge to a fixed proportion of the 
supply voltage is independent of the 
actual supply voltage and only 
proportional to the RC product (or 
"time constant"). This also means that 
the time to charge between any two 
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PROJECT 

fixed proportions of the supply voltage 
will similarly be independent of the 
supply voltage. 

There are two main operations to 
be performed by the circuitry; the first 
is to determine what range of 
measurement to use for any particular 
component; the second is to use that 
range and give a measure of the 
component's capacitance. To do this 
the relationship found in equation (1) 
above is used twice, but in slightly 
different ways. 

For any measurement 1600 clock 
cycles are allocated out of each 2000. 
These may be at 100 kHz or 100 Hz 
depending on the current range. At the 
start of the 1600 clock cycles, the 
unknown capacitor is in a discharged 
state and will charge via one of the 
range resistors at a rate depending on 
its capacitance. If the range is correct, 
its voltage will reach an upper 
threshold between 100 and 1600 clock 
cycles later. If the range is too low, the 
rate of charge will be too slow and the 
upper threshold will not be reached in 
time. The range will be changed for a 
higher one and the process repeated 
until it is correct or the maximum range 
is reached. 

If the range is too large, the rate of 
charge will be very fast and the upper 
threshold will be reached before 100 
clock cycles have elapsed. This time 
the range will be changed for a lower 
one and the process repeated until it is 
correct or the minimum range is 
reached. 

In order to determine what the 
upper threshold will be, we choose - not entirely arbitrarily - that the 
range change point will be at 120% of 
the nominal for that range. This means 
that, with a capacitor 1.2 times the 
nominal, it will just reach the upper 
threshold in 1600 clock cycles. The 
resistors we use are in powers of 10 and 
the clock is also in powers of 10, so we 
can assume that the CR product will 
also be 1.2 times some power of 10. For 
convenience we can assume 1200 
clock cycles. This also avoids 
thresholds ridiculously close to the 
supply rails. From (1) and the above we 
have: 

1600 = 12001oge Vs 

V5 -VC 

V5 = e160o¡1200 = e0./3 

V5 -Vc 

V5-Vc=e-43 
Vs 

The inside of the meter. Full constructional details will appear next month. 

1 - = e-43 

Vs 

V 
1 - e-43 = 0.736 (upper 

VS threshold) 

This shows that the upper threshold 
should be at 73.6% of the supply for 
autoranging up at 120% of nominal. 

To find the lower limit of the range 10log2 (1/0.264) 
we know that if the capacitor voltage 
reaches the threshold voltage just 
calculated within 100 clock cycles, the 
range will change down. From (1) we C = 0.075 or 7.5% of nominal for the 
have: range. 

100 = 1000CIoge Vt 

Vs - Vc. 

C= 100 

1000loge 
1 

1 - Vc/V5 

100% 

VC AS 

FRACTION 
OF SUPPLY 

74% 

28% 

0% I 

C TOO SMALL FOR RANGE 

C = 1/10th NOMINAL FULL SCALE 

REACHES UPPER THRESHOLD 
BEFORE 100 CLOCK PULSES 

/ 331 

C = 1 

C = NOMINAL FULL SCALE 

I 
I I I I I 

1 I I I 100 200 30i 400 500 600 700 800 900 1000 1200 1400 1600 t --Y t 
100 PULSES 
GATE FOR 

C 5 1/10th FULL SCALE 

1000 PULSES 
GATE FOR C = FULL SCALE 

Fig. 2 The various modes of operation of the meter. 

/1331 

DOES NOT REACH 
UPPER THRESHOLD 
AT 1600 CLOCK PULSES 

C TOO LARGE FOR 
RANGE 

CLOCK PULSES 

NOTE: NUMBER OF CLOCK PULSES IS 
NOT NECESSARILY EXACT 

e 
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Having decided on the upper threshold 
using the requirements for autoranging, 
We must now consider what the lower 
threshold will be. With a nominal 
maximum capacitance for the range 
connected there must be 1000 clock 
cycles between the capacitor voltage 
crossing the lower threshold and it 
crossing the upper threshold. The time 
to reach the upper threshold is: 

t = RCIog2 VS 

Vs -Vc 

= 10001og¢ 1 

1 - Vc/Vs 

= 1000logz 1 

1 - 0.736 

= 1333.3 clock cycles. 

Therefore the number of clock cycles 
to reach the lower threshold is: 

1333.3 - 1000 = 333.3 

and the threshold voltage will be found 
from: 

333.3 = 1000log e 1 

1 - Vc/VS 

-ç- = 1 - 1/e0" 
VS 

= 0.283 

This shows that the lower threshold will 
be at 28.3% of the supply voltage. 

Once we have set the upper and 
lower thresholds, the relationship 
between the measurement range and 
the autoranging function is defined. In 
this case the nominal range is 0.1 to 1 

with an underrange down to 0.075 and 
an overrange up to 1.2 times the 
nominal. The relationship between 
ranges is defined by the range resistors 
and the digital division ratio. The 
various modes of operation are shown 
in Fig. 2. 

In this instrument we use only five 
range resistors to give a coverage of 
eight ranges. This is desirable to avoid 
the use of very large resistors with 
small capacitors, or the use of very 
small resistors with very large 
capacitors and consequent battery 
drain. It is made possible by sharing 
three of the range resistors between six 
ranges and reducing the clock speed by 
a factor of 1000 on the high 
capacitance ranges to compensate. 

Next month we conclude this project with the 
Parts List, constructional details and overlays. . and this 100n polyester is almost spot on. 
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PROJECT : Capacitance Meter 

It works! Here we have a 3n3 polystyrene capacitor, fairly accurate... 

...whereas this 470uF electrolytic is about 8% too big... 

ETI 
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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 al112v neg. earth vehicles

I

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
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Electronic Car Security System
 Arms doors. boot. bonnet and has security loop to protect

fog/spot lamps. radio/tape, CB equipment
 Programmable personal code entry system
 Armed and disarmed from outside vehicle using a special

magnetic key fob against a windscreen sensor pad adhered to
the inside of the screen  Fits all 12V neg earth vehicles

 Over 250 components to assemble

MAGIDICE fa
Electronic Dice

 Not an auto item but great fur
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
 Supplied in superb presentation gift box
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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 0 Fits

majority of 4 and 6 cylinder 12v neg. earth vehicles.
 Over150 components to assemble

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'

All E0A-SPARKRITE products and dastgos are lute covered by one more world POltolb
1 -

IM ME 1E1 IM IN NM IIIIII Ell MN

SELF
ASSEMBLY

KIT

READY
BUILT

UNITS

SX 1000 £12.95 £25.90

SX 2000 £19.95 £12.95

TX 2002 £29.95 £59.90

AT. 80 £29.95 £59.90

VOYAGER £59.95 - £119.90
MAGI DICE £9.95 £19.90
'ICES INC. VAT. POSTAGE & PACKING

NAME __
ADDRESS

I ENCLOSE CHEQUEES)/POSTAL ORDERS FOR

KIT REF

CHEQUE NO.
24 hr. Answerphone
PHONEYOURORDERWITHACCESS/BARCLAYCARD
SEND ONLY SAE IF BROCHURE IS REQUIRED

10.1 Min Ell Ell IM
ANow 28 days for delivery

ETI-3.82

CUT OUT THE COUPON NOW!
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GREENWELD
443 A NAllbrrxnk Road Sr,' ithamoton SO1 OH X

All prices include VAT @ 15% just add 50p post

LIE DETECTOR
Not a toy, this precision instiument was
°Ninety pail of an -Open University -
coma. used to measure a change in eino
Lionel balance, ix as a lie detector. Furl
details of how to use it are given, and a
Omni diagram. Suppled complete with
Probes. leads and conductive pally. Needs
2 4:5V baits. Overall sae 155x1001
100mtn. Only £7.96 - wail) that ice the
case and meter al:moll

1000 resistors £2.50
c....chamil another 5 rnlinn omAmthad

i0P940,5. A.4 can make a Simla, MM. to Wt
made too yea, IMO, at Ore same patent
K523 10;0 mixed it and %IV 59' cobcollan
resew,. meherrod for PC8 omit' Enormous
ronge ea mentos wire. IOW /or l'3150: 503011a
20k 06

200 ELECTROLYTICS f4.00
K624 Large ,mehe of ,node:.nolinpes, mintly
cropped leads tom PCB mnIg. 1-1000uf. . 10-63V.
Ai new tut spec COmponenta., not churl. ou to I
200 Ea. IC03E1750

COPPER CLAD BOARD
022. Al pecan 1.0 moat: for our moron° Ana
Mostly double sided fibreglass. 250pm lee
pray 110sqlnsllorlustE1.

RELAYiTRIAC PANEL
2632 PCB IOOx 22.-rn conloorM a ontOth al
components. 2 x 12V DPCO min relays. 2  47of
tee urn 5C14GE 10A 505V him, C1220 6A
403V SCR, 555 mew, 10. 1N4331 diodes, 206081
SCR. 2  awn LEO's 3 x 2N3704, R's & C's -
Amazing who - it [ought sebeelMr, pens
wove coat woad - Our pens in, the pled,
wit am

CHEAP CHIPS
7092/ Sound IC 61.26
DNA RAM alma
meeltry ehOtrec Stet OS

vox ma 91.03
ti2P3M0 -vol nip 61.20.

OP -AMP PSU KIT
A196 Al ports & Vomit:am zo me. a 50mA
+16, 0, -15V suet,' 1.0n1 ...Ana rout. Onto
£1.116

TOROIDAL
TRANSFORMER

110MM Pia  20rr., OCOP 110.747.. p', Sec IN
4A, 6.3V IA, 244V 0.3A -Mad '0' scopes,
It3206014, VOIle PI: nolti..,:ett to (DIM

LINEAR, OPTO
111311 titmademenal display with decoder, 0.9
and A -F. With data 0.S0.
FNA5220 2 21.99 le" 7 -sag. display or. PCB.
CC. With data 51.50. 1 -sag. displays: IN1390.
501, ex 50p; 630, 847, 850, as 91.50. Kegs. 103
case: 7924 120p, 7685 100p, 7808 100p. 7912
1005, 7808 230p. Others on BiL 13.
OP -Pimps' i.M.4136 130, u5776 145p, uA777
300p; uAdla 2a6p.
Ipotatom PCSM3t,11.15, 76116, all I50p.

CAPACITOR BARGAINS
2200ut 100V cans 77 xenon die 769;
10-96.60.
220.at 10V ax.a I Sp: 100 CL30.: 1,000E16.
ace. 100uF 2251, 102 a 44tem dia. 75p; 10
LSO.
?Mut 350V. 100. 10060uF 300V can.
75 y 44rnm de, 40p; 10 - 100 - DO.
100uf 75Y aaiel, t3 - 103
0330 Watt El 50< TOO, 112, 1000
047uF GOV rad. E150:100.(12.10)0
22uF 50V iad !M. f24;113:0 me

TRANSFORMERS
Mans pinnary. 501e 204 sac 113,01.00
Mans ph. 110V 15A r.ec CO3.00.
20A £40.00

1N4006 DIODES
Special purchase of IA revs. Russian
made. Packed in bOxe5 of XIO, £8.00 per
boo, 4 hones 030.00. 10 boxes 5/6.00.

YOU CRTs Abprox 25012' and 15" 110
tubas avalables for callers only At £15
each.

REGULATED PSU
PANEL

Exclusive Greenwald design, fully variable
0-28V 8 20mAs2A. Board contains at
components except pots and Irons
lamer. Only 0.76 Suitable tramlotrree
and pots a Send SAE for fuller details.

MIXED LED PACK
Ak new PA Mee by Micro. farchM. etc. Rod.
Yellow, Green, Amber, Clear. 3mm 6 5mm.
Packet 50 esstel OAS: 250 E16.

THEY'RE BACK!!!
Sawa/ years bp one of our most successful
offers mss me"71b Serphi Penes", contaring
%embeds of co/monads. panes, and bits end
*cm mpossbl to lit. Our stone are now
burstiv at tho rams duo 10 a lot o Wong in
102th4 monad, arid as most ciao out stoical tors
of components. So ... As'M Miming 505 mettle
milord a 110 pad( ter MAO. 3kg peck for
03.90. a Dig pack fcr MAO, of a 110,5 pact for
02.60. These won't lase former, so aide, row!!

1982 CATALOGUE
.is not mode seen 1901 pint., is non out of

mot, but the new 19821B3 44111C0120011 belted,'
try March's watch this spotter date's.
PS Vary not send a 9,4 SAE lo our latest
Bergen List??

a ,

0

OS

°conical combisotiro 1:0 IC! TV( TUT
lecurny - Midi prod. I mlion comb...mond'
pet is turned so the right to one rurrte.. left to
second homely, then Oast MOO toe thrd
meta. Only aeon ails has teen competed in
the come **nuance wit the Nectrical oar -acts
dose. These can be used to °Delete. a miry or
solenoid. OVIT31 DV. &TM. WT. Mop. Only
£I:96 Also avaldOle without
hot' - Only C3.96.

AMAZING!

COMPUTER GAMES

PCBs FOR PEANUTS!!
A bulk purchase of PCBs from several wee
known computer garnet indeding Defile-
nhipa, Senor,. and Slerbird enable us to Offer
these et irereditus tow preps:

"STARBIRO-
Ghera realistic engine sounds end flashing
laser blasts - accelerating engine noise when
module is pi:Uncle up, decalaratng noise
when pointed down. Press contact Comm Rash
end Moir blest of lasers shoallna. PCB tesled
end *toeing complete with speaker and bait.
00 (needs PP3 belie ry I. Only 12.25

'COMPUTER
BATTLESHIPS'

Probably inn ci rnoscO0f,tat 14.1.244 9-1Mh4
on the owl. m UnfOrtu4.1001, Ms !Mugs maAes .1
ir0.021cal to 1991 Vat PCB at a waking model.
although 4 may nal Notion perfectly Instead
we coos tested the sound thee, aid roil that 'hood
to, M coneorent ardor. 51176477 sound IC:
1MS10:0 u processor, bait dpi, R's, C.5 etc.
Size 150 a la.rynm. Omv 11.50, Inslo.ction book
and circuit 30p mho.

LOGIC 5 PANEL
Tested Logic 5 now sold out - but we
hose Some PCB's with I0 LED's and CtTp
On. Out no keyboard. Nut eroded 50p

'SIMON'
The ctkect of ens yen'. s to noun calecti, 
tort ire amen impanel of *DAM en 3 drier/1m
Timm. wee:Auer. Indunerh PCB contaira

lamehokaars end Imps, end is rested
wo-ting, concrete with speaker. Needs PP3 and
2. I'M' I PCB sire 13)  130mm Only E3 95

'MICROVISION'
Cartridges

These are a smell PCU Ant- n mit10010414130.
Olsirend to pay m mu ire mctomaion corn.

mt. Only wog is. we Mint h170, !Me COSISIOSit
HOWSIVet. then Can to mod as an oselator with
4 elferent Imo outruns emery by connectrra a
batten. and seater. Tested end reeking <as an
col wen on cur yea. PUC ear 12  Min+,

ONLY rip each

1W AMP PANELS
A011 Compact radio emp Mended for record
Player on panel 95.60mm mcluding vol
control and switch. complete with knobs.
ANr1 tom amp circuitry bud1 around
LMMON or TRAVOM, there ilia speed control
Cah' usna. 5 6.1Thh120,3 6V operation,
oonneeen dela iihp.ail ONLY El 50.

WHOLESALE LIST
W New enxi:.:1 miry rn110nS01 C0+0000n45 -
AI Supple r+1.0 conesanes. Schools.
Whims/ Umm Mc. Can we %vet Yeu. took Our
eaolde 1103*1 prices for new fut-scec
COMOthenD a WA. torneentrie Ask for cur free
6.11 Goya lot.

SWITCH BARGAIN
Push ...I.. posh, all ear.,
rated 2A 251:61 ar. 10p e). E1'
ID, CS

rE0/t TARGET ELECTRONICS
-of" /I Cherry Lam Motel 831 3NG

Telephone: 0272 421196

Panel Meters

..-41111111111, Dims:- 110 x 82 x 35mm. Require 58mm dia. cut out
II mAlt CIIJALiTY -

-. r.

s h.f-..

...7,!
....

Oda
045
elle
0410
045D

0. 30 VA
0  PO WA
O. MO UA
0. 200 UA
0  MO VA

E5 .50
Ili pbp + VAT

18 Plus 10% Dismal

Dims:-
1001 QUALITY

60 x 47 x 33mm. Require 38mm die. cut out
-

.' ..' .11

k.--* .

ssuoiraniee Mt lee oases

Tit
T22
123
124
125
Tie
T22
T211Tit
T
/51IO
Tr:
T11
rse
am
TM
Tao

0.10 UA
0  100 VA
0.600 VA
0- 1 MA
0 -5 MA
0  10 MA
0. 50MA
O. 100 MA
0.900 MA
0 1 AIM
0. I IWP
0. 25 VOHS
0  50v AC
e  SOM AC
i'S''

so o 511

£4.80
40p Op + VAT

111 plus ID% Distant

I ma Ro .. 16% VAT Tat
rat

WA
100 .0. 109 UA

143
100 .0  900 LJA

0 - IN DC

...roars...
'

Dims:-

.

52mmftli x 56mmIW) x ekruniD)
44anm dim, cut out,

...
DC 1fiC44144 MMMMMM

4 ill !WAS O.- sa ...., Woolson
AME22 41.-ir 0- ace iiik -13D2otom
xkiE24 011143 0- WW1 04.4

DC DALVAlav41111.45
)(442.21 v45 10 -0 - se ee 3500snms
%ME22 ML145 100 - D - 15-0-44, 1450 ohms

OC MILLI/Oa/MIT(
akie23 Huts o- 1 ma *00 saws CUM
%M=24 MVO' o- 5 me ohms
>04.21 WAS C- le measors.
ea ET( MIMS 0 - 50 nv 1 -sorry + VAT
X5412.27 ,mil j1 o - IOU no e2 Moss MI PlusXF.12.24 M414510- leg ens el 'vont

DC amesetttill 10 Oiscaost
)441220 SAWS( 0- i me 0.140110
XIALSO MUSS 0- a amp 0.4 ohms
%MCA- Mush 0 -5 amp 0.02 atom

Pc wor..rearretts
;awes: PAU45 0-2l yams 1000 ohms
ME al MVO 0 - SO 1.'t,

I
t000 ohm.

VD METER
MN". 1:2Z138:111.1.11=11

XMT 1 K RTS001 50,000 opv
XME36

T ---= Kt £1.05
35P PfrP

-t
+ 15% VAT
10 plus 1D%

&twat

VU "MIN
RMSt1M.. 1000 *WS,
SSMIOIS . 100 .10
mono., emir 11 a 21.11M
0.4vhdlmsh 40 so 41 4 tiMun

XME36

55p
.0. 35P P5P

 15% VAT
10 pis 10%

INICIIIMIE

£14.95
t125 Ono + 15% VAT

AANCII DOUILC4Ac .ii,. r -s - is -25- 50 - 126
-290 - HO -1000

DC .011.1 S - ./S - 0290 -. 45
2.5 - S - 10 - 21 T so -

-100
*a

Lot* mittm.544/441s6m, 4.0 par..
9.Intionv mmas Ii 4 11mm
Onvo  0144: 14 it 10 .. 15mrn

125 250 - 1002
DC .......MO 0 -2.5 5 - 25 -30 - PIO

SOO ms
0- 5-10 a.*

FLehstant.O. 0 -2 A -20 A -240 A WM
0 - 2 me - 20 4 ohms
- 20 ditto  52 as

Olms: 1100 324 4 110frOn

Official Orders Welcomed, GV7I Educational Dept etc

Me011ICABO

We can otter you Barclaycard or
Access facility, just telephone your card number to 175A

place an order,
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FEATURE 

TECH TIPS ... 
Car Lights Warning Device 

A.W. Jones, Cardiff 

The Car Lights Warning device publish- 
ed in the October'81 Tech Tips is an ex- 
cellent example of the over -application 
of technology. We have seen 'alternative 
technology' and 'appropriate 
technology' in the press recently - 
perhaps a new category of 'good -enough 
technology' should be formed to provide 
an out-of-bounds region for the over- 
enthusiastic designer in the area of 
perfectly adequate development. 

Here are two circuits of 'good - 
enough technology' applied to the 
sidelights reminder. Both are so simple 
that they require no explanation and the 
first (Fig. 1) performs exactly the same 
function as last October's, ie it triggers 

the buzzer if the ignition is turned off - 
with the lights still on - operation being 
cancelled if the lights are switched off 
then back on again. It performs this 
operation with only one active compo- 
nent. Figure 2 is another, even simpler 
system which is activated by the interior 
light, thus reminding the driver if he tries 
to leave the car while the sidelights are 
on. 

Both these designs can be built for 
under £1 and are very simple to install. 
Component values are not critical and 
may be found in any electronic junk box. 
The cheap 12 V solid-state buzzers, 
which are widely available, form an ex- 
cellent warning device. 

+12V 

SIDELIGHT 
SWITCH 

SIDELIGHT 

Fig. 2 

+12V 

SIDELIGHT 
SWITCH 

SIDELIGHT 

A AND B ARE CONNECTIONS 
TO ORIGINAL CAR WIRING 

BUZZER 

INTERIOR 
LIGHT 

B 

DOOR 
PILLAR 
SWITCH 

FOR POSITIVE EARTH SIMPLY 
REVERSE BUZZER AND DIODE 

Indicating Remote 
Switch For Cassette 
Recorder 
P.F. Taylor, Nottingham 

This circuit adds visual indication to a 

remote on/off switch for cassette 
recorders. When switched to 'off' the 
cassette motor will not turn, but provid- 
ed the 'play' button on the recorder is 

depressed, a path exists for sufficient cur- 
rent to light the red LED1. If the LED will 

TO 
REMOTE 
JACK 

not light then warning is given that the 
recorder is not ready; if it lights, then the 
recorder is ready. When switched to 'on', 
motor current passes through the three 

1 N4001 s, dropping sufficient volts to 
power LED2 (green), indicating that the 
cassette motor is turning. When the tape 
reaches the end and automatically shuts 
off, the green LED goes out. 

The price paid for this indication is a 

reduction of about 1V5 in the effective 
cassette power supply, but on mains sup- 
ply or with relatively new batteries this 
should cause no problems. The com- 
ponents can, with care, be fitted into the 
spare room in the sort of remote cassette 
switch box available widely in the shops. 

Aerial Lift For Car 
Radiolcassettes 
M.D. Peake, Wellingborough 

Many car radios have 'automatic' cir- 
cuits to lift an electric aerial when 
switching on; however, where radio/ 
cassette players are concerned this can 
be a definite disadvantage, especially at 
high speeds on a long motorway trip. 
This unit enables the aerial to be raised or 
lowered at the touch of a button, also 
making it useful with semi -automatic 
aerials. 

Operation of the 556 dual timer is 

triggered by pressing either PB1 or PB2; 

RLA and RLB control the respective 
power circuits, as well as protecting the 
motor by disabling Timer B when Timer 
A is on, and vice versa. Values of RA (_ 
RB) and CA (= CB) are given by t = 1.1 x 
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PERMANENT 
12V 
o 

250mA 
FUSE 

12V 0-v 
'UP' o- 

RLA2 

0V 
(EARTH) 

0 

A RA 
4 10 14 

PB1 

+ 
RLBt 

A TOn 

TOn 

T+I 
+I 

M77 

IC1 

B 100R 

12 

13 

RLB oOo12V'DWN' 

RLB2 

R x C, ie for a delay of about four 
seconds, use a 390k resistor and a 10uF 
capacitor. The push -to -break switch PB3 
is included for connection and reconnec- 

1 
TB i 

PB3 
PUSH TO BREAK 

PB2 NOTE 

RLA1 

IC1 IS 556 

tion purposes; since the 556 triggers both 
outputs on connection, it is necessary to 
starve RLB of power to prevent motor e 
burnout. 
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Differential Mixer 
Overcomes Earthing 
Problems 
Andy Fiore, Deal 

The problem with single -ended virtual 
earth mixers is that what is earth (or God) 
to the mixing amplifier may not be to the 
preamps or other circuits being fed into 
it. Although this may be minimised by a 
generous single -point earthing system, 
the earth wire (or missionary) is not as 
pure as we'd like to think and consists of 
a chain of very small resistances and 
reactances (or devils) waiting to cause 
trouble. It is therefore possible to 
develop a potential difference of a few 
millivolts, including power supply noise, 
across this wire which will be seen as part 
of the preamp signal to the mixer input. 
Admittedly, circuits using a split rail 
power supply will be much less prone to 
this than single rail types which use the 
earth as a power line, but as many low - 
noise preamp ICs are single rail devices 
we may not always have the choice. 

However, the use of a differential 
mixer can overcome this problem. By ap- 
plying the preamp output signal to an in- 
verting input of the mixer and the ear- 
thing point at the preamp to a non - 
inverting input, we can effectively 
cancel out any earth wire noise as it will 
be applied equally to both inputs. 

INPUT 

Fig. 1 

INPUT 

Fig. 2 

EARTH POINT 

CENTRAL 
EARTH POINT 

Figure 1 shows the usual single - 
ended virtual earth mixing method; and 
Fig. 2 the addition of a few resistors to 
convert it to the differential equivalent. 

OUTPUT 

VE 

VE 

OUTPUT 

VE 

VE 

0V 

As it is a technique rather than a circuit; I 

have left out component values and 
preamp details to simplify the diagrams. 

Visual Simple Sound 
Analyser 
J.R. Walker, Norwich 

+ 
INPU2 

47k 
LEVEL 

220k 

This circuit is a simplified (and cheaper) 
version of the ETI VCSA, displaying bass 
and treble levels simultaneously on one 
bank of 10 multicolour LEDs. In dot 
mode, this provides an interesting effect, 
but in,bar mode the effect is really weird. 
The circuit works in a similar way to its 

NOTE: 
IC1 IS 741 
IC2,3 ARE LM3914 
Q1 IS BFV51 
ZD1 IS 5V1 400mW ZEN ER 
D1,2 ARE 1N4148 
LEDI -10 ARE COMMON ANODE 

MULTICOLOUR LEDs 
ALL ELECTROLYTICS RATED 

AT 25V 

220k 20k 

1u0 

IC 

300k 

7 

2k4 

II ,I 
4n7 D1 

15k 

4 

100n 

3 

IC2 

big brother, except for the LED arrange- 
ment - these are run at a lower voltage 
to avoid overloading the LM3914. Be 
sure to wire the 10uF electrolytics close 
to the chip, and use a well regulated sup- 
ply at 12 V (maximum), 250 mA 
(minimum). 

TO+5V 

RED LEDs° GREEN LEDs u 

( 
I10u 

TREBLE BASS 3 

18 

17 

16 

5 

14 

13 

12 

14 01 

SWta 

DOT/BAR 

LEDI_ 
LED2 18 

LED3 17 

LEDO 16 

}LEDS 15 

4ILED6 14 

ILED7 13 

LEDB 12 

*LED9 11 I 10 
LED10 

SW1b 

TO+18V 

IC3 

400u 

100u 

4--ILIT Q1 

O 
+5V IZD1 

/1777 

p+18V 

1k2 

1k2 

D2 

I47k 

100n 160n 

0 O 
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FEATURE : Tech Tips 

Single Push-button 
Op -amp Flip-flop 
T.J. Hill, Watford 

This circuit will be of use to construc- 
tors who find that while designing a cir- 
cuit with quad op -amps, they have only 
One spare op -amp in their packages. 

Upon switch -on, the CR combina- 
tion at the inverting input takes the out- 
put to -9 V. The non -inverting input 
causing the output to switch to 9 V. 

Even if the push-button is kept 
depressed, the circuit will not oscillate 
because the non -inverting input will now 
become 4V5, and the inverting input 
(22k/127k6) x 9 = 1V55. When the push- 

button is released the 220n capacitor can 
then charge fully to the op -amp output 
of 9 V and the non -inverting input falls to 
0 V. - 

The circuit will maintain this new 
state until the push-button is pressed 
once again, when the reverse will occur 
taking the op -amp output back to -9 V. 

There are two further points; the CR 
combination may be taken to the -9 V 
terminal to allow the op -amp output to 
become 9 V upon circuit switch -on. This 
circuit may also be powered from a 

+9V NOTE: 
IC1 IS ANY OP -AMP, 
OR PART OF PACKAGE 
(EG QUAD) 

single rail power supply if point A is con- 
nected to a voltage divider comprising 
two resistors of 4k7 between the battery 
positive and ground, giving approximate- 
ly positive and ground alternating states. 

Fig. 1 

SHAFT 

I . I 

MAGNETS 

Cl 6 
100n 

REED 
RELAY 5 

Control 
Wind -power 
Circuit 

Fig. 2 

(.2)1 30-0-30 

100n 1470n 

L_1 
FS1 
15A 

FS2 
30A 

NOTE: 
IC1 IS 556 
IC2,3 ARE 741 
D1-3 ARE 1N914 

T23 
T4 

u2 2u2 

1 COTTAGE LIGHTS 

12V BATTERIES 

E.A. Parr, Carluke 

This circuit was designed to control a 
windmill at a remote holiday cottage. 
The cottage's electrical supply is derived 
from 12 V batteries which are recharged 
by an alternator driven by the windmill. 
The field on an alternator draws about 1 

A when the battery is not being charged, 
and the circuit was designed to cut out 
the field when the windmill speed is too 
low to permit charging. 

The windmill speed is measured by 
two magnets on the shaft which pulse a 
reed relay. This in turn fires the 556 
monostable IC1 as shown in Fig. 1. The 
output from IC1 is thus a constant width 
pulse train whose frequency is deter- 
mined by the windmill's rotational 
speed. This is smoothed by the two stage 
filter R6 -C3 -R7 -C4 and buffered by IC2 to 
give a DC voltage at pin 6 of IC2 which is 

directly proportional to the windmill 
speed. This is compared with a preset 
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SLIP RINGS 
FOR HEAD 
ROTATION 

V^ 
R10 
100k 

RLA1 

FIELD 

O +12V 

O OV 

0 12V 

R12 
33k 

TC 
106n 

13 

12 

10 

IC1b 

CIRCUIT IN WATERTIGHT BOX 

C7 
100n 

vo tage by IC3 and used to switch the 
field relay via Q1. R10 provides 
hysteresis, necessary because the wind- 
mill speed drops slightly as the alternator 
comes on load. 

For IC2 and IC3 to work properly, a 
negative supply is needed. To provide 
this from the single 12 V battery supply, 
the simple DC -to -DC inverter shown in 
Fig. 2 was necessary. This utilises the 
other half of the 556 and gives a low cur- 
rent -12 V supply. 

The voltage at pin 6 of IC2 is propor- 
tional to speed until the period of the 
monostable is equal to the rate at which 
the reed relay is pulsed. At frequencies 
above this, the voltage falls due to cycle 
skipping, giving the output voltage ver- 
sus frequency graph of Fig. 3. As a wind- 
mill operates over a wide frequency 
range, it was expected that cycle skipp- 
ing would occur at high speed. This is, 

18 
00u D3 

- R13 

D2 
10k 

VOLTAGE 
AT 

IC2 PIN 6 

vCC 

CUT -IN FREQUENCY FREQUENCY 

however, of no importance if the trigger 
voltage is set at 40% of V« giving a single 
unambiguous cut -in point. 

The coarse cut -in point is set by RV1, 
and the fine by RV2 (subject to the com- 
ments in the preceding paragraph). The 
circuit was designed for a cut -in speed of 
about 400 RPM which suited the wind- 
mill/alternator combination. The circuit 
draws minimal current from the battery 
therefore al lowing the windmill to be left 
to its own devices while the cottage is 

unattended. 

-12V 

b 

T9 
100u 

o.4VCC 

FS3 
30A 

+12V 

FIG. 1 

OV 

- IC3 PIN 2 

0.5VCC 

SUPPRESSED 
ALTERNATOR 

Fig. 3 

CYCLE SKIPPING 
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HEAmysw COMPUTER KIT TANGERINE COMPUTER /41(1 P?Ep4
SYSTEMS t_pspes

LONDON & HOME COUNTIES STOCKISTS REf

9DrAYAMMONS 404 EDGWARE RD. LONDON, W2 1ED TEL: 01-402 6822

TANGERINE TANGERINE TANGERINE TANGERINE TANGERINE
MICROTAN 65

Minoan 65 is the most advanced
poeminul. etpardable Arian
com;uter readable it
abo happens to be The
most cost enemas,

Electron: Today
Inrenunontl held a

manumih survey 01 ails
TM /null PA.crotan 65

WNS COMPUTER CLASP

MICROTAN 65 CONTENTS

N.qh .14314y elided Thu tale awned (mud board. seMer resist end sik
screened cunponeni igen:Alsatian 6502 mictoproctiito 16 manila
TAURUS Nam nh V Bug 16 RAM Tat tam PrOgrimme stack and
Ostler mammy SOU alphanumeric daplap of 16 toms be 32 &erecters
MICROTAN 85 system hle binder 136 page. bturd. users hardware:
software manual well congruent:real deeds end sem* proyanmes
toga and damme comptnerns 10 lulls mend MICROTAN 65

The MICROTM1 65 Lie net wed widespread ardent Tat ds swot,
a es rotation We pay attenlion is deli!'

KIT F OR TA £69.00  110 35 V A T . total (79 35

M IC ROTAN 65 assrnbled and:rsted
Sue: ',Jou- as above of assembled and IA bairn tested bar tutu:foes

£79,00 . 85'1 A T. total (9985
TAURUS a731111 ISmenteett Ezi id

MICROTAN 65 OPTIONS
LOWER CASE PACK MINI MOTHER BOARD
Two integtaledeunalts Allah mined uses to cm-ur Pater la Tager

loatons an MCROTAN Rum £10.00  VA T
a DN.; 178 disVerable Me /hers

£9.48 +11 42 focal (10 90

GRAPHICS PACK

F.,,e meowed trues mica tamest into Iowans on MCAOT
gramma the 400 of aurke grap1111164 a 64 ;me's! are
auras giants? Weil mare a piece o1 Taps tom yam 64 1401111
.Pa.:11f Ind 64 sgreres hal:Dually a totaol 4096 Each scurre can
be made Ms on mule

£6.52 +9 A T 980 Tout f7 50

20 WAY KEYPAD

Itoapanatile means 01 prima tp and ronng Uses Schaller kep
swathes and co -sheets to MICROTAN Omagh a 16 FIn 0 IL plug en
ritaon table 818:1 anodised escutcheon 5119 TANGEFINE legends.
Lushes 014 vibe must te the ben valat 1Ce 11011151./101111 AnallAle
Available assent:le: ar4 lasted

£10.00 +V AT (150.101e1f11 50

POWER SUPPLIES
TAPS 1 Input I TO o 24010 AC Doric 5 Volts at 3 Amps Rear/it'd
MPS 1 mill power bath MICROTAN and TANEX loth oersted Null on
the Some see ponied canon Maid as MCROTAY etc Ayslatte as a
luty 601 and Tested unit

£23.00  VAT 13 45.10101 /26 '
UPS? -59 6A. .126.  5 and -1211 smith male syttem PSU

£69.13 +vAT

MINI -SYSTEM RACK
We hare produced a met system r 2:11,mtsch accepts MICROTAN 85.
TANEX endow nyni.mothat board It has an ntegval cams supply, lust
plug d onto the MOMS an! NOW ow 91)11 writhe, in TANGERINE /LACS
it ayes your system the prolessanal harsh Tr MI panel access lot I/0
reales AVAILABLE AS AN ASSEMBLED UNIT.

£56.35 isd

FULL SYSTEM RACK
1.11 ihe has I et '0416' 19 waft side
,,stem earl align accepts PAICFs)TAN 65. TANEX. TANRAM, SEVEN

FURTHER EXPANSION BOAROS. TANGOS and THE SYSTEM POWER
SUPPLY Available in nails lames e g Irdiaitiral hate pintos. Ill
*OM Angel how peel bad panel are at without cametlais

£49.00 + V A T (7 35. total 156 35

NEW PRODUCTS
(ALL VAT INCU

SKIM kwasmanten COMITC100 ,4411
sysalia aroblRballt .12 moat CUM F77-14
tams CIRSECICRS 1150
SISTIM Nip afar MAE 115.11
WM It ppm 1411 2 COM fiK70
Sibla 1I PI MD Use 1 x= i f115.71)

MICRON
COMPUTER

FULLY
BUILT, A,_\

TESTED, rti
and housed
SYSTEM RACK

MICRON

£550 INCL
6502 bawl mu:ton:puler VDU alma MONO( display Powerful
mow TANBUG 8K RAM 32 parallel' r 0 Ines 2 TEL mil I/O lines
Fad 16 BA comet limers Cassava 4faffISC 0111Ibus billeting
Memos weapon camel 71 key ASCII Keyboard inducing numerc

Indudts gamy wads Also includes the lest 1 OK MICRO.
SOFT BASIC  aya la: I in ISO U K AK tee usual BASIC commands

'

^ *.
5.- S.s ,-c,. .

£395
a, ,A, p

NU MANUALS
MICTIOTAN- TOD- BASIC- X WA

ALL ESA EACH

TANRAM
Available now ia warn  40K Bytes on
one board. Single board 0d bulk ruemory
*Hering 76 Slot P.88112114 and 326
Orson( RAM 141161 Onboard relresA is
Totally Transparem To CPU weirdo end .s
ualletted by norm!! DMA's TANRAM TON
mends the avertable address tom or ma
6502 microprocessor MICROTAN TANEX and TANRAM together

mire 1611 RATA MIK PAM and In 1, 0 that s JIM 01 memory
and aim of IT' O. I Ind  argil 1.41.P.A1.1 ASSEMBLED

405 RAM CARD wills 1611 DYNAMIC RAM £76 VAT
CONTENTS Nigh quality plated tire hole anted circuit boa d salder
141st and silk mune: camtanent canton Full complement 01
I C sockets lot ?TIMM eapansina 64 sat 0I N eege tonnector
I K PAN 4211 it (Iambus tuftmina TANIMAL otos manual

EXTRA RAM:
16 STATIC 121141 £2.95 oath 168 DYNAMIC 141161 (1 50 each

MEMORIES EXPAND YOUR
Discounts 10% la 4. 15% tor 8 202

2102 111 I 1 Static RAM OOP
MB OR
2716 f6.50
me 4115 16.6 4 1 0,4/17L RAY
fl 50 MYcbaks2VAT

SYSTEM WITH OUR TANGERINE

Icy 16 APPROVER CMPS

1916402 DART

2114 16 t 4 Siard RAY. 12.95

el IR le 8 Simi: RAM f750

MONITORS (PROFESSIONAL)
AEC 01101TIONE0 AND NEW  FRP 135.00 roc £129.95

CENTRONICS Ideal for Tangerine

PRINTERS

5,E::osHA £199 1 VAT

Mr.101 t1 £3511 A 

i'a dr :J ; £395  v

NEW MICROTANTEL
POST OFFICE APPROVED
PRESTEL - VIEWDATA

 RAE cattnsseucs  CM STOPS PASTEL £170
 CAN BE US) AS AN BING TERMINAL +VAT
 CAN BE INTERFACED WITH PET. APRE AIM PLTSCON
Arm cornett to the aerial of tat t.sks.r a blab end phte
demea' T V taihra Ind to yaw Post OIIKc insialled lad. socket and
you ate irco the 10018 wend of PRE 51E1 Vd single push Sultan eat
yen tot able Moen 170.000 pates of op to the rung' ufartalion on
eiffiV10151M. odes grads homcandanes al this vaithrail leasing
yoar .rt,c-fra

abalatt matiuglas iti Len tun OWTHUBICA91111A1,
MALL 1015010 suu 118 01118 oasip owmatie Goo MN

125 itaatIla3 IX IiIRSOY 01311 MG =ale 10M.10 a MO
Ox woo 73 ORM 811511 2 PIM SOUL 11117
Z14104(11VIE4C1 Ma ISM 11111 105,511101604111(5
/ASCII OPER asua tat TV WU; en

(11114
t1110
71A

171A
Kalb
L71Z

TANEX £43.00 Minnum
Conti 84

CONTENTS V A T (6 45 total 149 45

High fatality owed deo hole ponied decal bawd solder resist and siS
lareined component identilicaman I C sack's Tor mammon eapansio-
64 Way DIN edge cannecra 16 R. cassette imerface. 16 male'

11/D lines al TT serial I/0 pat two 16 Int corium titters data bus
bstferng merlon/ mbitlibl. loam sad MIMI, tallPInen11 IA

,

rianrum espasuon TANEX users manual

TANEX r.tinmum conlignehani assembled

£53.00 +YAT (7 95 10111(0 95

TANEX EXPANSION '---
Ispanded TANEX onus IK RATA
romans Ice 48 EPROM 127161.
rournms la 106 emended
MICROSOFT BASIC 32 pystiell,c
tines. two TEE sad! 1/13 ports. a
Third serial I/0 pan with
RS232/20mA lace. 101 modem
coeval and 16 teogizmmah'e baud
tales low 111 be mincer omen
cassette onetime data bas
barring aid mentos mappng

EXPANDED TAMES KIT IF iclules RON. MIL6 an, BASICi

£89.70 +pAT (1346 reed 1103 16
EXPANDE D TAMEX ASSEMBLE°

£99.70 +5 A (1496 tota, (11466
OPTIONS TO FULLY EXPANDED TANEX

1CaI E.tenddd10CFC150,7 BASIC in EPROM (with manual!
£4100+6AT 1735. total (5635

era RAM 16 12 t 21141 15,20+V A T 78p total 85 96
SMOLA IDT £1228 INCL.

6522 VIA £6.00 +VAT f 1 20. iold 15 20
Knfiati. A 1 (260 tad (1995

AS YOU CAN SEE THE PRICES OF OUR EXPANSION
ARE VERY. VERY COMPETITIVE.

TANGERINE DISC SYSTEM
zis carman ciso £150.00  VAT
DCUBLE STE° NOBLE CENSITY DRIVE

£215.00  VA 1
CP/AA DISK OPERATING SYSTEM

MAKABLE AMORY IMO  VAT
MC11

71 KEY ASCII KEYBOARD £56.34..4
NO EXTRAS MEMO

Uses goiecrasspoot keys Iodides norm kneed and litho- Calle
Avedeble as Talky assembled and tested

SUPER MEM, C.MIINET N TANGERINE/ 8_4E6

£20.00 v A T (300 mud 123 00

PROFESSIONAL ASCII KEYBOARDS
Ideal for
Tangerine
£29.95
 52 ter 7 to ASC4 coded

Ptenrre strobe .56.125
 Alen chymous
 Paine' output with snob,
 PrA*1 light an control
 ClItP by Gravel insuunew

1611 tTL curtid

 Suitably made
 Sue 13 55 x1 51ns

Black leas Math abet leogens
 Estate shill return

reset keys
 Corms repeat 6 be! kepis
 Complete web DATA

ADD-ON
KEYPAD

A g om pact 12 bullon keypad
suitable loo use with above
keyboard 10 extend its lunclionS
plus four extra keyS Supplied
brand new witn vuth data A
4a4 non -encoded single mode
keyboard

LIST PRICE
12200

OUR PRICE

£7.95
 VAT

PLUS MANY NEW EXCITING PRODUCTS IN DEVELOPMENT
 AUTOMATICALLY FROM US WHEN RELEASED BY

TANGERINE LTD.
As products Ire rabble
FULLY GUARANTEED BUY WITH CONFIDENCE
BRITISH DESIGNER MANUFACTURE AND ON DEMONSTRATION
IN OUR COMPUTER DEPT

TANGERINE -TANGERINE -TANGERINE TANGERINE -TANGERINE TANGERINE 'TANGERINE TANGERINE
Stockist Enquiries on headed nolepaper to: All orders pre -paid kind official advertised here to be forwarded

COMPUTER KIT LTD.iPrincipai DistributOrS in U K I DIRECTLY toI lit 2 Paddongion Green. London. W2.Tele 01.7235095
COMPUTER DEPT., 11/12 PADDINGTON GREEN, LONDON W2T elex 262284 Ref 1400 TRANSONICS

58 ETI MARCH 1982



LECTRO-LI N ES
101 Hainault Road, Romford, Essex RM5 3HF.

Tel. Romford 22018/9

AM/FM STEREO TUNER MODULE
3 BAND

New boxed pre -aligned and tested, Complete with ferrite rod
aerial, 6 way function switch, drive drum, cord drive, knobs, sani-
pie calibration scale and circuit diagram.

3 stage FM tuning, phase lock loop decoder, L.E.D. stereo in-
dicator, FM sensitivity 4 uV.

Wavebands FM 88-108 MHz, LW 160-280 KHz,
MW 525-1650 KHz.

Output approximately 200 mV. Input 12v DC,

Price only £10.95 including VAT plus £1.70 P Et P

hi so 3 i I I

If you haven't
bought me yet -
it's high 'time'
You did! ... I'm

--only £24.50

It's true! Continuing our special offer (while stocks lastl
means there's still nearly £5.00 off the price of 'Speech -
time' - the first ever easy -to -build speaking clock kit.
'Speechtime's combination of electronics and quartz
technology plus clear instruction manual make it fun to
build and fun to own - equally suitable for beginner or
expert.
Speechtime also makes a great gift to build for someone
else. Look at these 'plus' features:

 Accurate to a minute a year  Adjustable voice pitch
 Pocket size - approx. 5in. x 2'/in. x tin.
 Grained stainless -steel case
 Useful in the home or office

Silicon Speech Systems
(A Powertran Subsidiary)

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS., SP10 3NM

EASY ORDERING BY TELEPHONE
- RING ANDOVER (0264) 64455
AND GIVE YOUR ACCESS OR

BARCLAYCARD NUMBER

SPECIAL

13EIFFI

Poice

04.50
iv.1 .1 .111

riS ;

lin 

ti

Be
luckgi'

nners
%0 OFF

t) seitlected
itskfor fii:st.time

builders

1213:1120
Shortwave

Listener's
Receiurr

With Hcathkit, you're all set for a
great deal. And not just big savings.

Whichever kit you choose, you'll find it easy to build.
Simple, but detailed instructions take you through every
stage. Everything is included. Even the solder you need

Digital Crock is there.
Follow the steps and

you'll end up with a hand-
crafted, well -designed
piece of equip-
ment. One
you'll be proud

of. Because you built it yourself. 4 -

There are 10 great kits to start you off. An 4
interesting choice of a digital clock to a metal
locator, including a short wave listener's
receiver, windspeed and direction
indicator, digital readout electronic
scale and five more useful kits.

All at 30% off to first -timers.
Send for your catalogue right now

for a start.

To Heath Electronics
(UK) Limited, Dept (ET3),
Bristol Road, Gloucester GL2 GEE

0-3

Metal
Locator

Wimtspeed and Direction
huh -color

'lb start me off, please send me
a copy of the Heathkit catalogue.
I enclose 28p in stamps.

Name

Address

eren

14

EA

-7- You build on our e rience

HEATH
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iNtim OW I MS IN
RETAILMAIL OROER.EXPORT LONDON'S TEST EQUIPMENT CALL IN AND SEE FOR YOURSELF/

INDUSTRIAL.EOUCATIONAL CENTRES OPEN SIX DAYS A WEEK AoYingEg

HEM
111133111;esea

  it a

0.v OAS
x!" Sr

m

CROTECH 3035
10 MHZ Scope
Plus Component
Tester

:74vi?2/spiA, 5" - 130mm Flat Face
Tube DC - 10 MHZ

5mV/DIV 220/240V AC Trig. to 20 MHZ

As advertised by us at £1 89,75 inc. VAT

£168.50 IndiAT

'UK c/p £3.501 Exclusive to Audio Electronics

PROFESSIONAL 100 K OHM/VOLT
MULTIMETER
30 ranges 15A AC/DC
1.5 KV, 200 meg ohms.

Features mirror scale,
polarity reverse. electronic
overload protection, taut band
suspension.
As advertised by us al £67.50
+ case i.e. £84.00

4 Inc. VAT i

[UK c/p £1.500vIlh leather case
Exclusive to Audio Electronics

LCD LOW COST MULTIMETERS
met 1ss dolt I.SO Siam own eon:02A DI
AC:DC 20inegolm
0111011/1110 YPrOgil 1.CD IS tArKle Elms 013.50
Ouneoptis Hte Taw, t(tA CC M, *CAI
I no 3gdrpt 1C033 tame Wart swath pis
toe reopt tQA AC 10C 011115

Callers will always find a range ot low cost test
equipment accessories. tools QOM and
hoards in stock. also special eels for Certain
equipment which wilt vary from time to time

Price correct at time of preparation E6OE
All prices irctude VAS

STOP PRESS howdy BM a ImOt ,CA AC/DC. urge
MN. caninuty Omit plus 'AKA Rare %Wit With

£59.95

Q.

r 1 a

SABTRONICS EQUIPMENT NEW LOW PRICES!!

New reliable range of DMM's and
frequency computers with those
extra facilities and compelilive
prices. All battery operated
(supplied). Except 502001 mains.
Optional mains eliminators available.
B DIGIT COUNTESS 0.1 HZ to 10142 Res
tOmV sensitivity to 100 MHZ

1UK c/p £1.00)
8110A 20 HZ -180 MHZ in 2ranges77

£.00
8610A 20 HZ -603 MHZ In 3 ranges

E94.00
9 01817 COUNTESS 30mV sensitivity
to MHZ Resolution 0.1 H2-10 HZ
116100 10 HZ -600 MHZ In 3 ranges

£113.85
90008 10 HZ -1012 in 3 ranges

C178.00

FUNCTION GENERATOR (UK c rp £1.001

with mains adaptor
5020A1 H2-200 KHZ Sine/Squarer
Triangle OTIC Freq. sweep. Low
distortion 030.00
DIGITAL MULTIMETERS Two LCD
hand held -one with temperature
range. Also LCD and LED Bench
models. 0.1% basic accuracy.
2035A 3%01101 LCD hand 2A AC / OC

20Meg ohm ETC £71.00
203711 As 2035A with -50T to
*1509C Temp. range 0.1°C
resolution £77.00
2010A 316 Dvit LED. Auto decimal &
minus 10A AC/DC. 20Meg ohm etc.

01.50
2015A LCD version of above £9500
(C p 2035/37A 65p: All others £1.00)

HAMEG OSCILLOSCOPES
Range of top quality scopes for Amateur and
Professional IUK tip 33T £3.00. ether £4.00)
307 Single trace 10 MHZ. 5enV: 0.5 micro sec. Plus built In
component tester 6 x 7cm display £158.70
(Optional catty case £18.40)
2030031 20 We: Trig 10 30 MHZ 5mV: 0.5 micro secs.
8x 10cm display (replace model 312) £253.00
412.8 Dual 20 MHZ delayed sweep: trig 1040 11117 5m V
0.1 micro sec 8 x 10cm display £402.50'
705 Dull 70MISL Delayed miep 3ineie saver!. 0121
Tae Trio es 10 MIQ Z,nV: 0.1 moo we. 11km ristiay

£667.00
Options 2037412(512 Viewing hood £6.90
Comoros woo 203. 112, 1X13 £46.00
Carry case (slate model) £21.85
706 Dual 70 MHZ delayed sweep. Single swim. Delay
line Trig to 100MHZ 5riV 0.1 micro sec. 8x 10cm

£667.00
Optimal Pre S* (All models) XI £7.116: X10E9.45
X1-X10E10.50 x100£10.95

11265 Add on component tester - My Scope £29.95

RF AND AUDIO SIGNAL GENERATORS Mains operated ---r--",...-. -IUK nip £1.001 Amdlo 20142.200 KHZ 4 band. Sine/Square ore
1E220 Distortion man Pi £69.05 .., 7 -

LAM Distortion 0.5-1% leader £73.70 0 )
L0O120A 5 range 10 HZ -1 MHZ SIzelsq. 0.05-08%01S £148.00

AG202A Oistartion 05-1% Trio
£273.00 i-----

78.20 - LAG125 Low distortion version of LA6120A 002%

A6203 10112-1 MHZ 5 band max distortion 0.1% Trio £126.50 ''
RF All feature Int/Ext. MOO. Variable output
TE200 100 KHZ-100 MHZ 6 band (300 WIZ harmonics) £59.95
LSGI6 100 KH2-100 PA HZ 6 band 1300 Via harmonics) Leader 063.25
SSW 100 KHZ-30 MHZ 6 band professional trio £68.00

VARIABLE AND FIXED
POWER SUPPLIES
(UK c/p £1.00 any model

SPECIAL PURCHASE
1206 USIA to limp f13.95

PPI 206 13.81/ 6 /Same £17.95
'PP211 Or 12-12.21V 0/1 amp £35.00
' PP213 0 r12 -12/24V 0/3 amn £59.95

* RP1 54 5-15V 0/3 amp £49.95
'meter display

AMATEUR/CB
TESTING -Full MI5 9111 SAE
NOW 15 to 250 MHZ& range
DIP meter C47.115

1114120 20IUVOLT multirange
multimeter. Plus SWRI Power
meter 150 MHZ £28.95
RC10:13 Of 10/100/1000 watts
SWR etc. 150 MHZ max £52.50
I1J669A 10 ch. Pocket 2 metre
scanner C89.00
MANN Marine band version

£69.00
10174 SWR 0/10w Power
0/5011441430 MHZ tester.

£21.00
10100112V 100 MHZ Freq
Counter U19.95

SPEciAl. CB ACCESSORY
PURCHASES (Post 55p)

C820 SWR /Power twin meter
to 30 NW. 1Kw E1135
175 SWR/Field suer-qui /atom
matcher single m' /11.95
171 Twin meter SWR/Field
Strength 07101100w
Power 1M MHZ C11.95

1291 1311s$ to Sod
regulated power supply
roost f 1.001 £13.95

Just a selection ol a huge range
in stock - send for latest lists
Including professonal ranges,

PROFESSIONAL
MULTIMETERS

£1.50i

All featuring ACOOC
Volts /CurreM & Ohms ranges

11150043 range 20K/Voll. AC/DC 10A 07.50
M120030 range 100K ACKIC 15A 203 M eg onrn

£49.00
KI100 26 range large scale 208/Vell: 10A AC/Or
20 Meg ohm: 5kV AC/DC £95.88
K200 39 range 10 Meg ohm input. 25 HZ -1 MHZ £106.00
OPTIONS Cases: M 15008 1200E1151 K1400 C1000
Temperature Probe toe K1400 /MA

THURLBY DIGITAL
MULTIMETER

4% o9t aavx ? Futoom LCO
30 ran" 1203V DC, 750! AC, 1DA AMC,
32 Mpg ohm Also rduJes 44 equency
esesserrent to 441142 and 41312 cutpA

Mate to esacteg sundials
into U.K.

Price is with batteries, test leads and mains
adaptor,

c1171.00iviionaiesify case T20-451
UK c/p TIM

DIRECT READ
HV PROBEiv.., 55p1

40KV 20K Volt £18 40

SAFGAN PORTABLE OSCILLOSCOPES
Range ot low cost Dual Trace Scopes mains operated. Made in UK to
embryo standards. Available as in MHZ, 15 MHZ or 20 MHZ. All feature
5mV sensitivity.05rTunro see 6.4 x 8cm display MK c/0£2.50)
DT410 Dual 10 ArTHZ £194.35
07415 Dual *sin £201.25
01420 Oual 20 MHZ £216.20

OPTIONAL *SCOPE PROBES -SEE NAMES ABOVE

affrilfrig CrTEEP32-agsr C LIMITED'wows", ilskfter
301 EDGWARE ROAD.LONDON,W21BN, ENGLAND. TEL 01-724 3564
ALSO AT HENRYS RADIO. 404/406 EDGWARE ROAD, LONDON W2

AO NW COW6/41)08A/NM/A9 Faewocies5cFc.

LOGIC PROBES/MONITORS/PULSERS circuit
powered LUK CO
LP1 OTL/ITL/CMOS. 10MHZ Pulse. Memory £35.50
LP2DTUTTL/CMOS 1 5 MHZ Pulse £19.95
LP3OTL/TTL/CIAOS 50MHZ Pulse Memory 55.95
LII Logic monitor for 0 to 16pin IC's £33.00
OPI Digital pulsar. Single or 100pps. £59.50
LOP076 50 MHZ. lOMeg ohm: Logic Probe, with case £56.90

,f--1-- Order by Post
with CHEQUES/
ACCESS/VISA
or Telephone
your order
Allow uptolOdays
for delivery-

Send large SAE
( 20p UK )
Schools, Companies,
etc. free on request.
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PROJECT 

ROBOT MOTOR 
CONTROLLER 

This heavy-duty piece of hardware is the first part of a series which will 
lead up to an intelligent programmable mobile. Design and 

development by Rory Holmes. 

MOTOR CONTRO 

n this article we are offering a 
design for a high powered DC 
motor controller based on a 

switching amplifier capable of 
independently driving two motors at 
currents of up to 10 A. 

The first part describes the design 
and construction of the power 
switching circuitry; in the following part 
next month we shall be offering both 
digital and analogue versions of pulse 
width controllers for driving the power 
stage. 

Motor speed control amplifiers are 
very useful devices, finding many 
applications in such things as 
motorised wheelchairs, mobile 
computer peripherals, robots and many 
industrial process control functions. 
We are using ours as the main traction 
control in a small vehicle intended as 
the basis for a mobile computerised 
robot. 

The ETI motor control is a four 
quadrant servo type; it can provide 
motor speed and torque in negative 
and positive directions and is designed 
to use 20 kHz constant frequency pulse 
width modulation. It features two 
CMOS logic inputs for forward/reverse 
control and duty cycle control and will 
suit a variety of motors up to 12 V - 
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or even more if reduced speed is 
acceptable. 

With suitably designed positional 
feedback it may also be used as the 
power amplifier in a positional servo 
system. Each control channel can 
handle 10 A of motor current and, due 
to a symmetrically designed PCB, it can 
easily be built as a single motor speed 
controller if desired. 

DC motors are unruly beasts as far 
as electronic control is concerned and 
there is more to the design of suitable 
amplifiers than meets the eye. 

Speed control can be achieved 
using a linear amplifier where a 
regulated voltage applied to the motor 
is varied; however, the torque available 
falls off at low speeds and the power 
dissipation in the output transistors 
becomes excessive at large currents 
due to the voltage dropped. 

This power dissipated also 
represents a waste of valuable battery 
power. Hence the decision to use a 
'pulse width modulated' system, where 
the amplifier switches the supply 
voltage on and off at a fixed frequency 
with variable mark -space periods so 
that an adjustable average current 
through the inductive motor load is 
produced. 

The first problem encountered is in 
selecting the switching frequency. Most 
motors produce a disturbing noise if 
this lies in the audio band, but on the 
other hand power transistors don't 
switch off very quickly, which ruins 
high frequency performance. 
Fortunately this problem can be 
minimised using higher frequency 
transistors and low values of transistor 
"base turn-off" resistors.. 

Another problem encountered is 
when the transistors switch off; the 
motor current doesn't, due to motor 
inductance. This disaster can be 
averted by using 'flywheel' diodes to 
provide an alternative current path in a 
closed circuit round the motor. These 
diodes also protect the output 
transistors from switching transients 
caused by the back EMF of the motor. 
A single supply rail suitable for a 12 V 
car battery was chosen, and since a 
reversing function was desired, an 'H' 
type bridge output stage must be used. 
This can provide reversal of the motor 
voltage polarity within a few 
microseconds and is thus suitable for 
positional servos. 

Construction 
We have arranged the PCB and the 

general construction to make it easy 
for those who only require one motor 
control, rather than the dual version we 
are presenting. The PCB is symmetrical 
and can simply be sawn in half and 
wired up in a smaller box in the same 
manner described for the double 
system. We strongly recommend using 
the diecast box we have specified, 
since this provides RFI screening and 
also acts as a firm heatsink for bolting 
the power transistors to. 

Our aim was to bolt all the 
transistors on to the metal case with 
their leads directly soldered to the PCB 
and to get all the components on the 
inside of the box! Hence the unusual 
method of soldering the transistors 
from the copper track side of the board e 
(see the internal photos). Bridge 
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rectifiers come in all shapes and sizes 
and at the specified current rating 
usually have a hole for heatsink 
mounting and large connecting tags. 
For this reason we decided to mount 
the bridge off the PCB, using stiff wire 
links for connecting to the board. 

Solder the components to the PCB 
as normal, checking component 
polarity and remembering to solder the 
Veropins at the input points marked on 
the overlay; do not connect the power 
transistors yet. These power transistors, 
Q1-4, should now have their leads bent 
as shown in Fig. 3. They are fitted in to 
their appropriate holes from the 
underneath of the board and soldered 
in place - allowing a gap of 1 cm 
between the component side of the 
PCB and the metal bottom of the 
transistor. 

Lengths of thick tinned copper 
wire (about 3") can now be wired to the 
PCB at the points marked for 
connection to the bridge rectifiers. 
They should be left protruding from 
the top of the board. Testing of the 
assembled board can be done at this 
stage, providing a resistive load is used 
as described below, and it's probably 
worth doing before everything is tightly 
bolted up. After testing, the holes for 
transistor mounting must be drilled in 
the bottom of the diecast box. 

The board is bolted 
by the transistors, component side up, 
in the bottom of the box and the bridge 
rectifiers are bolted on either side. 
Remember, it is essential to use 
insulated mounting kits for the 
transistors. The leads to the motor and 
battery supply can be let out of the 
box through small holes drilled near 
the bridge rectifiers. We actually used 
leadthrough insulating terminals 
mounted on the case and took the 
supply and motor leads from the 
bridge rectifier tags. 

Testing 
The unit can be tested using a 

resistive load of about 100R, under 
these conditions it need not be 
connected to the bridge rectifier or the 
heatsink. 

Connect a 12 V, 1 A power supply 
at the points shown on the overlay to 
one channel and a 100R resistor across 
the leadout wires where the motor 

BRIDGE ' 
AND MOTOR 

BRIDGE + BRIDGE - 
AND +12V AND OV 

Fig. 1 Component overlay for one half of - R1 (-- 

the PCB. The other side is symmetrical. 

R1 
180R 

NOTE, 
IC1 IS 40528 
01,2 ARE TIP146 OR TIP147 
03,4 ARE TIP141 
D1-4 IS 10A, 100V BRIDGE RECTIFIER 

BRIDGE" 
AND MOTOR 

IC1b 

2 

X3 

FORWARD/REVERSE 

PWM INPUT 

R4 . 

180R 

+V 16 

X I/O 

BSEL 

ASEL 

13 

9 

10 

6 7 

R7 
100k 

R8 
100k 

0 +12V 

PWM INPUT 
o 

o 
FORWARD/ 
REVERSE 

0 0v 

Fig. 2 Circuit diagram for one channel of the 
controller. Components for the other channel 
are designated R101, R102 etc. 

PARTS LIST 

Power Switching Section 
(for dual controller) 

Resistors (all 1/4W, 5%) 
R2,3,5,6,102, - 
103,105,106 100R 
R1,4,101,104 180R 
R7,8,107,108 100k 

Capacitors 
C1,107 10n ceramic 
C2,102 1000u 25 V axial electrolytic 

Semiconductors 
IC1,101 4052B 
Q1,2,101,102 T1P147 or 146 
Q3,4,103,104 TIP141 
D1,2,3,4,101, 
102,103,104 Bridge rectifier (10 A, 100 V; 

heatsink mounting type) 

Miscellaneous 
Transistor mounting kits; diecast box (172 x 
120 x 55 mm); PCB (see Buylines); robot chassis 
and DC motors; 12 V battery. 

Fig. 3 Bending details for the power transistor 
leads. 

5mm 

BEND WHERE LEAD 
BECOMES NARROW 

BUYLINES 

The semiconductors used in this project are 
somewhat exotic; however, the Darlington 
power transistors (a gain of 1000 at 10 A) are 
available from Rapid Electronics and 
Technomatic, while the bridge rectifiers 
should also be available from these firms and 
other semiconductor suppliers. The robot 
chassis that we used is available from Remcon 
Electronics, 1 Church Road, Bexleyheath, 
Kent DA7 4DD, at a price to be announced. 
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PROJECT : Robot Motor Control 

should be. With the two logic inputs 
unconnected, points A and B on the 
circuit diagram should both be at 
nearly 12 V. When a 20 kHz square 
wave of 12 V peak is now applied to 
the modulation input, the switching 
waveforms should now be 
obtained. If a variable pulse -width 
square wave is available it should be 
possible to control the average current 
through the resistor by altering the 
pulse width. 

Once the unit is fully assembled 
and bolted up, the above procedure 
can be repeated using a DC motor as 
the load. Speed control should now be 
achieved by varying the duty cycle of a 
logic square wave applied to the 
modulation input. 

Fast rise time power switching 
circuits are notorious generators of RFI, 
hence our screened diecast enclosure 
and decoupling capacitors Cl and 
C101. Ceramic bypass capacitors of 
1 nF should also be wired directly 
across the' motor terminals (although 
many motors already have such 
suppression fitted). For the truly 
ambitious interference suppressor, very 
high permeability ferrite beads can be 
included round the supply and motor 
leads to absorb stray RFI. 

HOW IT WORKS 

Transistors Q1-4 form an 'H' type bridge out- 
put stage. This has the advantage of being able 
to apply the full supply voltage across the 
motor in either polarity direction using only a 
'single supply rail, enabling 'solid state revers- 
ing' without the use of clumsy relay switching. 
The transistors used are high power Darl- 
ingtons which have a gain of 1000 at 10 A col- 
lector current (quite impressive!) and thus re- 
quire a base drive of about 10 mA for the full 
rated output. This is a switching amplifier and 
so the transistors are switched either hard on 
or fully off; this not only reduces the transistor 
dissipation for a given power regulation but 
also the current consumption, so valuable in 
battery portable applications. 

The bridge works in the following man- 
ner; when Q1 and Q4 are on, Q2 and Q3 are 
arranged to be off. Point A is now close to 
+12 V and point B will be near ground, apply- 
ing nearly 12 V across the motor in one direc- 
tion. Q4 is now switched on and off by a 'duty 
cycle' or 'pulse width' modulated square 
wave. The supply voltage is thus switched on 
and off across the motor in bursts of varying 
size; with the help of the motor inductance 
this produces a controlled average current in 
the motor. 

Applying the full supply voltage in short 
bursts across the motor provides a much 
higher motor torque than would a constant 
but lower voltage, which assists greatly in the 
regulation of low speeds. 

To reverse the motor, Q1 and Q4 are 
switched off and Q2 and Q3 now turn on, 
operating in exactly the same way as describ- 
ed above. The switching frequency we shall 
be using is around 20 kHz, since anything less 

produces an infuriating whine from the entire 
motor assembly. 

The transistors switch off sharply, 
removing the source of current from the 
motor, but the motor current can't change 
suddenly due to the motor inductance. Thus 
the circuit wouldn't work if it wasn't for D1 
and D2, which act as 'flywheel' diodes. When 
Q4 switches off, the motor current that was 
flowing through Q4 to ground now flows in a 
circle through D2, Q1 and the motor. This is 
the reason for keeping either Q1 or Q2 con- 
tinously switched on while 93 or Q4 provide 
the switching modulation. 

The bridge rectifier (D1 to D4) also pro- 
tects the output transistors from the back EMF 
switching transients caused by the inductive 
load. They would be destroyed without this 
protection. 

The base resistors R2, R3, RS and R6 
enable the Darlingtons to switch off faster. 
The base drive and logic selection of the tran- 
sistors is all provided by the unconventional 
use of 1C1, a dual one -of -four analogue switch 
(the CMOS 4052B). These switches connect 
the bases of the appropriate transistors via 
resistors R1 and R4 to the corresponding supp- 
ly polarity. If the 'A' and 'B' select lines of IC1 
are both low, pin 3 will be connected by the in- 
ternal 120R resistance to pin 1, effectively tak- 
ing the base of Q1 to ground through a 300R 
resistor and turning it hard on. If the 'B' select 
is now taken high, pin 3 will switch to pin 2 

keeping Q1 turned on, and pin 15 will connect 
to pin 13, taking the base of Q4 to + 12 V. Q4 
now switches on applying the voltage across 
the load. 

MASTER ELECTRONICS NOW! 
The PRACTICAL way! 

This new style course will enable 
anyone to have a real understanding 
of electronics by a modern; practical 
and visual method. No previous 
knowledge is required, no maths, and 
an absolute minimum of theory. 

You learn the practical way in easy 
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work. A Certificate is given at the end 
of every course. 
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Recognise and handle current electronic 

components 
Read,drawandunderstand 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 
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Hi-Fi and microprocessor/computer 
equipment. 
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JOIN THE PROFESSIONALS . . .
IF you are looking for amplification, take advantage of the same superb quality Crimson modules that the DEC. IBA, 0E9 and numerous recording
Studios have been using for years! Our expertise in this field of electronic design Is internationally renowned, our reputation Is Dosed on quality,
reliability and value for money and when It comes to technology, our modules feature posSiblysome of the world's most advanced audio circuitry
yet devised. The Crimson range of audio amplifier modules is available to industry and public alike and is backed by full technical data,free technical
advisory service, fast delivery and a full range of complimentary components available such as toroidal power supplies and heatsinks. etc.
SPECIFICATIONS

P
Type 8 ohms'

CE 609 36
CE1004 44
CE1008 65
CE1704 85
CE1708 125
CE3004 170
CPR1X output
MC1X output
X02:3 output

0:P
4 ohms

70

121

250
775mV

2mV
775-2500mV

PSU
CPS 80
CP5150
095150
CPS250
CPS250
CPS250

REG1
REG1
REG1

14/sinks
I-1550

H550:100
H550:100

115100.150:FM1
H5100.150:FM1

H5150!FM2

Slew
limit
300u5
30VuS
30VuS
30VuS
30Vu5
30VuS
3ViiS
3VuS
9VuS

S/N
110013
11008
11008
11008
11008
11008
7008
6508
9008

Sensitivity THDItYPI FRI - 39e) Size
775mV 0 003V.) 1. 5/12-50KHz 80-120-25
775mV 0.0035% 1.5Hz-SOKHz 80-120-25
775mV 0.0035% 1.5H2-50KHz 80-120-25
775mV 0.0035% 1.5942-SOKHz 80-120-25
775mV 0.0035q;: 1.5Hz-S0KH2 80-120-25
775mV 0.008 1.511-50KHz 161-102-35
2.8mV 0.008 % 10Hz -SOKHz 138- 80-35

70, 150uV 0.008 10Hz -SOKHz 80-120-35
775mv 0.01 Preset 150- 50-20

'Power output is quoted in WRMS and IS given for two modules off tne same power supply Higher powers can be obtained If using our dual power supplies or
one module per PSU or if using a stabilised power supply

NEW: We now have a completely new Hi-Fi Kit package to offer:

Crimson modular audio amplifiers feature
* low values of transient and steadystate
distortions * envelope distortion (below 500
14z1 less than 0.05%  on board electronic
protection  PC8 pin and edge connector
termination  full range of complimentary
components available le. PSUs, heatsinks, etc.

PRICES

Power amp modules
CE 608
CE1004
CE1008
CE1704
CE1708
CE3004

Pre amp modules
CPR1X
WIC1X
REG1
TR6

CK 1010 contains pre -amp circuit board, all metalwork connectors wire, etc., to make a
complete hi-fi pre -amplifier.

CK 1040 contains 2 power amp modules, all metalwork dual power supply, connectors,
heatsinks, wire, etc., to make a complete 40 w/channel power amp.

CK 1100 as CK 1040 but at 100 w/channel
Unlike other module manufacturers CRIMSON have a major share of the esoteric,
specialist Hi-Fi market. Unlike many manufacturers we acknowledge the massive
audible differences that small component/circuit changes can produce. However
our amplifiers are technically outstanding have been subjectively 'tuned' to a
stunning level of crisp and detailed reproduction.

Power supply modules
E21.00 CPSE0
E24.50 CPSEOD
£27.50 CPS150
£35.00 CP51500
E35.00 CP5250
£49.00 CP52500

E36.00 Active crossovers
£32.00 X02
E 9.30 X03

3.30 MU1

ED 4 rimson tWittrik

E26.24
E31.77
E29.74
£36.40
E36.83
£45.34

Heatslnks
HS 50
HS100
HS 50
FM1
9612

E 1.84
E 2.99
E 4 20
£36 95
E41 52

COMPLETE KITS
PREAMPCK1010 ......... E90.00
ROWER AMP C K1040.* ..... £119.00
POYVER AMP CK1100 £149.00
!MOVING COIL ADD-ON E25.00/

9 Claymill Road, Leicester LE4 753 Tel 0533 761920 Telex 34964 Chamco C crimiek

All prices include VAT. Please add £1.10 for orders up
to £2000, £2.50 up to £50 and £2.65 £50 and over
To allow for post and packing (UK only).

Export -No problem Please write for
quotation or quote your Visa:Master.
Charoe card number

64 ETI MARCH 1982



Greenbank
Groonbonk Eloclronics

(Dept 12(1 92 Chester Road, Now Ferry
Wirral, Merseyside. L62 6AG

ITel 051 645 3390

&lama is an siestralihau 1u es. AO *Pao Wed Imelinsie-elial Ste Compute, Colds

EUROCARD ZBO COMPUTER BOARDS. CUSTOM AO SYSTEM
The Custom 90 Stele, has been dewed as a tub/ ssPandable modSat compute a ea hen The

estate re suppled at a tut hit at pans, at sou need en soots 00011011W
The coca' VDU card cares a teletest10rnai. 24 lines 540 characters. senses use. Moor use,

peal pliaphlics, seempuorn non coneguone. emits he." doubt. **M. "'semen 0419140:1 CC.
The 101 et toppled rosth at the C00.0000.11, tea COICU, sea ts used vers vow ono cubos
nveocerone T V gel

The keyboard Pon card e used to internee the ASCII hennaed to ate cOmp...50 It n 00.000
don 0.09 MIA ,140.0.01 to heysiones 0n the eard a Inds -nod 1K al war RAM I.e., e sn
ackloon to the 1K ol 1500 test RAM) sea spw Ice  24 (PROM such is the CSYS Opeenng
system. The ROM seta RAM can be reelread by wetriere. which e *suable d cut use .1 to to
mobs et the defame RAM enpareson cards

The CPU boast anon the hq' steel vergers el re 220 rncropsocessor and action.. et 11.1
411111, 101 use ran be mode crl 0, 2110A's pcswarb... sntainsm svuchree. ssichnteg McKie 2
lyectorectl interrupts The CPU Cr, snarl nes1 sniffs neen rens...sled and ursine pulsed 10s01
use 0010 cloamc RAM 1.

For a ha 64K *mem two RAM o.psewnn cards are mcwrerl 13.114 lioap be plochased seal'
sw0.ssed For example a 32* a wHseene Ia par metal needs)

The linliaeaKolinPeloli Crude pig mlo the Clara. 9) Mc* Bus oscust bond ss 0.0.0.10$ on
the Itch 1401100 CvflOnt 90 rack whch a .0 Imo hoed .001.111.no coowennon 101 co a pond loos insli
untrurnent one.

FOX neon spew macho. WA. monk the CST'S eves/sting system has Bel, deScxxid to alom
ohniesten use to be made br the *mos own wore*. of the 040005 IntrOulones 604 uloehos
c onus mei in the hom.vale

Plower* can Ca stored useg named nos on cashew The dual easseie mcesnce ,0,1u400
ncanes to, an RS232 a 20 mA. causes loop ea thile a Minor. The bend rail sothwe
selectable between 330 and MOO Ms*. The seed abo he. a 21)0A noun' lento 000..t

CO( owe 01,0.000 WON. TO mils poectannt . BASIC Mee e a 40 sleeper BASIC 0.000040
cement tape 11 ndudes ccerreends It. rimy 000.0. block IMO neyte. errapnocs etc PLOT la
pooel, duet ta test, engem 1nel me A 12110.41043M BASIC AI IA dessebOmeni and Its. wit b.
pe04,15110 ex both snettprellec and cooping lemons

Also sn dreekeurent n an interface to tatty disks land Ask oparmeg tutor.)
It you re wolfing on a tight budget, the rano* Wes of pots ten be purchased one at* We.

pesos ...pa ht. 134 CO <la Ch. Melo INS 1,1 mita 5 calireecl olio, co (43 22 Poe 1t. CPU MO up to
174.6611or the coloos YOU Se I

Seed Ice mon &tons is huge SA( ss not menial ton helps usl and a compile...nu.. C.Leium
EC 0.0. 1st

NEW RELEASE
We me now eble to sell the here PO(' orrout Ise components but cducles) 6111

documenuoon. Cullen. 80 CPU (IBM. Custom 80 KBP 11930, Custom IC Mao Bus 113.87,
Custom 80 32K RAM £21.25. Comm 110 VDU 03.70. Ask err I., clean of Bre Boards los
C.ntom BO System.

TERMS. VAT. 1311.1. Diecuts tic pi0011 le 6001141k 111014014 Id 0011411.
441 70 to al profs it IS'. mist snug staled Chinese. Post all. UK 40p
I  E0161 = 46p) per Ma. Upon CO TAT len add 430 Ilea I1 (Etropt) aid
(3.50 eiseonere keels. flutloyeard Vim. tailplane orders steepled.

, pals. *writhes gall dastl ate an leadtises then ceders tor tensediste
C4301100 1e04e14)

These cu
Note Ind

CMOS
axe
4001
vow
awe
4007
0300
MOB
4010
4011
4012
4013
4014
4215
4016
4212
4018
4019
4032
*2'
4022
4023
1024
404
*20
tC27
CCM
£023
QIN
4031
4032
4011
4034
4,330
4)37

38

5313
LOW
cam

140
149
149

tiptip
000
720
40p
lip
Illp
349
754.
p

22p
Up

Up
610
700
610
Mp
*p
19p

11.33

15

77p49

(1.70
(1.25
(1.10
11.05

96p
11.15
CIAO

Sep
700

4342
1343
4044
4045
6346
4047
4048
4048
4030
4(61
4062
4063
4361
4355
0066
axe
4260
kSOT
4213
0216
4067
aoca
40,3
4079
41171

4977
4973
4)75
4)76
4)77
4978
4381
0182
43435

406
WIG
4065
0.69

600
704
115p

(1.70
?Sp
75p
959
SOp
30p
lip
71p
710

025
El2020
41
(410

SCIP
035

99p

E19I
316

22p

alp
20p
20p
20p
20p
1106
20p
269
260
26p
21p
asp
65p

Et*
320

(71M1
0=1:1=111

t polo* for eminent Users and
ostairal ours guarelltY lances

Moster Mobwola, RCA
4093
4014
4095
40913
4097
4098
4090
4040
40101
40102
43103
40104
43106
4310
40107
4310
401C0
413110
40114
43160
43161
40162
40163
*174
40151
40162
40102
40193
40194
492201
49257
4169
4161
41E7
4163
4174
4176
4194

Epp

10p
10p

17.20
Op
MP

0.92
(1.34
1160
11.75
960

[1.10
Tho
600

030
11 .00
0.00
E1.77
034
034
054
61.54
ELM
6.5.03
61.97
02.41

(1.09
034
031

96p
99p
99p

99p
f105
(105

MO) (180
4110 0.20
4111 1695
441210 1800
44150 14 00
4422 066
4433 (7.70
44350 MO
4450 C3.50
4461 093
4*2 (4.41
4490.P 0.93
4630VP 0.14
4501 2Ip
402 1120
4503 70p
45E6 5 71
*OE

f6

4637 400
460 0.85
4510 60p
4611 680
4612 76p
4613 1139
4514 1116
40116 1198
e$16 750
*17 (4.15
4510 42p
4519 290
4620 711,
4521 12.03
4527 (111
4526 Itlp
4527 (1.10
4528 SOP
*29 (130
4530 70.0

(sport
reelable.

4931 11.33
4632 IMO
4514 IBM
4036 OM
45321 125.10
45311 (1 .16
05.3) (116
4541 (1 19
nsu 11 26
4640 (395
6552 (1485
1653 1299
4654 11.3B
1666 92p
4556 559
4657 0.20
4658 11.20
4(00 0.0
4600 ELM
4601 SI p
450 016
45131 S19
4040 £230
attel (175
46.72 360
*80 14 00
6601 060
4682 990
450 90p
4694 60
4697 12.44
4696 12.90
41"99 £395
4700 (1 .75
ICMF3386

0.25

TEX MICROSYSTMS -EPROMPT" UV ERASER

11.7:11111111.11:1311.
A lowcoty vernatoe to Ilse above 405915 ICY 14(1 1411 Clailhet1 (sr the manunCluiet 10
et ate up to 32 Crops es 15-30 non This is the cheapest closet we have SIAM The unit haS
.G3 !Mies 00000 switch or solely mleilslis1 5w46h lose User places uo tri 32 Chips 1010

Dse ccmductino loam In the erasure tray 116 along the base. a on each POI The ohms
ate held In place by the UV tube which sets in the stay 'Unitise the IN N0.141. na
ChICesihORS have been tale. to pieen1 the seepage ol UV light bucvhematnutal.

'slate that "Incident light Iron. this dome is Quite Sore at &stances alte inches

MODULAR COMPUTER
dihmenstons - 32S . mew

SYSTEM CARDS
ERROMRT ERASER Nee E13

.trernalional cards (tnostly Kemilroid
4 pecie 41 Intry.o40:01 ol 11  TILInni wr .4.01
93.4343 may be Viehitet 00.00.44 a; devote
s. 10 bun so a comps* sown I utiles Mans
...labia on mount All tot.i.ds an tem, slam
win site Nene edge Mg

'era *rebuffs, one*
16.213.3 00 CPU 111.60
SCMP.2 SCrIUP CPU 51'..10
MPA7 Buffeted SC/MP CPU 110.76
MXD.2 101 o14116 111.60
IAXA.1 21(012132 111 VC
404.3BK 012114 tt 1
P1116.8 OK 012116 (10.16
0,2 Wort Pon 111.0
OP -30004 Post it1.10
5104 502320.01 111410

P62 Prom Prograrrres £11.10
TP4.2 S010 Terse Inirylece 00.76
O CIA850,4P Kesbos* Pounce

00.70
YOU -A 110.73
YOU -B E9676
004.1-6 C1076
New bawd" 4.00w0 goon
 DU K Ise412 board Y0133244 (16 SO
MP 61614
0125-41204 CAP 63360
01004 122,1A Owe -eve 116.0 0343
OC.210 D. Con CanuseIerl 11696
0C-410.0 046C1ntrelletl 0350
H 0 A 1 ilised 13 das Adectori 0780
SOFTWARE
ZYMCrh 1 Maestro 13(1 (14.96
SOS BaSic iea) (ISM
1144.704 14001 PSIJi
Pc ism sei..134 tun
Aitar Sed..3a4 DIM
ACIlialiS 5lie..534 ttv2AT"014

(IMM
OPEN CARD SWITCH MODE PSU

MILT abttiolOttLOP.0 0.0.010 lit  110
bloon 000.0  52254. 9V.54. 'a
Taos 4C1151 04 IS
AMI13 50.34. 740.14 toys ca. isr list

NEW Eutocs*OW166 iedP /6/4
For Awernsu Care. 116  110...s. IE Issw
oosPie.a.
Toe MO  or at fAxemlisbreli  tr/N
2A. tnao,,,,,sli lialide 174tt710

UV 141, UV ERASER
Two easy.* use unds designed to both
the professional and ansateu. VV.prom

 Can wale "010 14 proms
 Speault tharlaillivevIleileylialet Cabe
 Era* ten* ullnebre between 5 and 50

0,001., in 6. ennute steps tote -earning
ere eaPosure which may shutter's
Prom isIel

 Sseseg tray Cants arCeno an condom
lure Again

 Safes mitelocl switch Wive.% th0
00.11 Co,Cu.1 Irani ocsfraisn0 and

tee lth.e9 po she tut* w,1h Ilso ooo
lee
Mains Or" and 'Tube On" mdisours

10,46 teal ut 00 case
ilidipltilf .nsInrolurri 4.1110liod

_opera COrepreee ersh maws pop are
Ilea

Model UV 141  Price 177.10
Also ayadable vechos,t time' as

Model UV 140 - Price £61.20

74C
MOO
74C00
woo
woe
74:10
74:14
74e20
7412X1
74:32
74:42
74:45
74:73
74074

2110
280
Tao
Tao
Tao
300
210
290
Tao

0.43
1574

600

74076 1570
74063 (134
7400 (134
74018 070
7400 1462
7400 OSIP
74093 900
74099 (1.011
74C1(17 6127
740100
740151 ass
740154 12.131
740167 f223
740180 1140
740161 0.15
74C10 0.15

74010 11.16
740164 6110
740103 LIM
74073 1134
740174 117p
7401/9 B74
74042 CM
74C193 (1.16
74096 11.03
74[200 0.41
74021 61.41
7*C373 0.79
74C374 C1.79
74061 57p
74062 79p
74063 57p

74C9:4 570
761906
740606 Sip7400 lip
74C9 1100
mon 43.44
14009 (140
740910 17415
740911 /730
740912 1739
740914 11.46
74015 11.16
740319 11.10
74C92I 117.07
74022 C271
740823 COO
741:926 06119

7*925 15.93
740927 0.99
76:92B 0.99
700110[1TM
MC930117E0

80195 (esp
80C95 Sip
80097 116p

90096 92p
92019 (9.20
60022 12.90
980.I0 1210

74LS
741500

741$33
74t.SCR
744506
746500
7445C0
741510
74/511
741.512
741.913
744,514
744.516
741620
741.971
78.914
741.927
70.51/1
744.530
741.532
741533
741637
76638
741540
744642
744.647
744.648
741.949
741561
741.664

12p
13p
14p
lap

lop
lIp

lop
16p
15p
159
300
481.
16p
16p
160
110
16p
20p
lap
160
16p
16p
lop

lop
350
40p
000
604
15p
15p

741540 My
741563 11.50
74L573 25p
741574 lOp

7515125 20p
741578 24p
76.513 50p
745E6 70p
741516 380
41550 MP

741591 SOp
74(SW 315p
74(593 315p
79.990 45p
14c590 elle
7415107 43p
74/5110 30p
7415112 30P
741.5113 40p
741.5114 310
74.5132 44p
76.5123 Oast
7415124086
7415126 300
741.512. 90p
741.5132 450
7415136 2tp
741.4130 95p
7415139 399
7415145 750
765147 0.70
7415110 990

741.131-.1 39p
741.5153 390
7415164 CI 70
7415150 31p
741,5166 Mp
741.5167 36p
745 $151 alp
7415183 41p
765161 41p
769162 41p
7415163 41p
74 5164
74151E5 7Sp
745166 00
741112011.70
74.5173 72p
70.5174 729
7415175 Sap
?GLOM 11.30
74151571275
7415190 510
7415'9' 510
7415192 580
7415193 650
7415194 4116
7415194 411p
7415193 40p
7415191 600
7415197 Ito
2416221 409
7410210 910
7415241 Mr
7415242

7416243 050
741.5244 00p
741.34 0.15
741 0 41 409
7415246 (usp
7415249 66p
741 251 40p
7415153 409
7419257 ea
7410259 Op
7415259 SOp
76.5251 Z7P
74E9261 CI M
7415265 rap
7415273 900
7415271E293
7445/73 Mp
76.5.03 45p
741620 57p
741520 46p
74L5200215
7410%030
7419324 0.00
7415316 0 so
74L5324 1200
74.5011 CZ 1114
748321 C2
746342(1 411
741.934R11 94
745357 OS
79.9353 fl 59
74153(5 37P
7415:158 37p

74(5301 37p
7416306 600
7446373 ?Sp
7415371 759
741.5326 Op
74133)7 lop
741.834 tip
741379 0343

74109111 tap
7663136 blp
744539) 62p
7440)363 SOP
741-530;(1.98
7415387S1.10
741..5392 12.15
74153 (2,33
741544511*
741946E144
7415493E140
74156E6E1.75
7415669 (150
raison (1 .75

74=
14531 73p

QUARTZ I
32 760441walth 4331
MK*
100 0 01, 0.91
103061r LI 0
2016 Ker 1.332
ML 1441(4, 1112
3012431r 130
312EKer 092
.165 Int 10113

DIX Wt, 1295
I 006 0014, 050
I 111150/2/ 00
I VW OD
11404 ma
1 1432 Pleb free
2 Mathis 1210
2111152 041. 042
21515644 um

53010141 aft
10601Pb 1342
320 Allb 0(6

201610 E270
3575545044 1175
312118 VW 092
4039 PAN 1159
4032 are
1 096 MHz 11.09
119034 Mb URI
14115116W 11M
1 630 PAN 023
1000 Min (1.0
19152 MHz OTT
S40) too
San WO
5 133 Milt
5 1M 64111 (323
52'496 Mtn (425
404 Met
4 144 MM. 00
460 Mk (3.23
4553 (113

99(1M111 (159
161 Wit (2.18
640 Mtn (119
4402 Mit 1323

11110014: (119
514151101X, 042
3 3E603 1410 (121
4967231 MHz ELM

315 , 023
11030 MN (III
11 246 Met (3.23
101m 1614 023
10 92 Met E1.92
11000 Wit 012
12E00 WW1 093
14 0 WU 032
14 31016 MHz 00
16 013)11/06 12.90
1e000 Web 060
19 43216, MO
19190 VW 044
101103 OW 010
10 1134 444 umroot 042
atm WV MO
5131614 0112
NUS PIM 000
01 HI 61141 042

411001610 1210
110907610
116006 Min 014

14000 IAD
err' Pneh wilh clieplieN

111116

2 p. a a1501.01

2''x1' 610
1.X lix 11.S1

R." 43,
31.1ssr
3.. alt

16p
53.0'Pell,' 00

0 1.' flsosbount
 0.1T1

17p

1.'rX110. 17 II
lemon pat ELM SO/

001401 15i
EU Emden 1155
Spa Ike mar ( 1 14
Pe moo 441 01 12

113:510110 -
IN 70p
51000 00111.00

1)14. 111
M 011101711

1110.114Ellp
1103422

144/211pa1p
14144 pm

1/4/44pE114
51 0. WWI beer bpi
nmeinenoutt 0.00

100 001111071113is plot ere
ww. manure Gra Peat
Sept sena 11 x121 0.11
Oseee m411.4041 0

TIMER IC:
8966 1104.19

WANK
5411 NMI dips]

GA 350 114.
ca rill( 48p
Ni 14p

11410011.1116
MO* Imp
0..7211,1211 040
01,14/1,1931 Ella
40 51900 1110

woo mina
0141LAT

46146,u 40 pm (11
LIM

WICK 17110
AY 512241 02.40
ee 5031 ELIO
Ice 000 ELIO

So WIWI
MISTERS

let 1.9.90

Erse

TRANSISTORS
SC 107.1:9 10p
SC 177
SC2131 1020pp

BC 461 MP
BC 568 14p
214 37010416/6 109
re 9120 46p
7I02956 600
TIP X66 409

010063
11441411 4p
IN 4001.'2 SP
IN 40)3: L' 5 Sp
IN 5401 15p
IA BRIDGE 16CA' 22p

5ILRESISTORS
7 x 10K 11110.1 42o
 x 10K 19061 48p
6 x 61719p6) 440

s 1K 0 0n1 lip

OIL RESISTORS
O 331 116 62p
RESISTORS
Carbon tam. Nan
*May TOW 612
NMI 2p e4c6
100 of cee value 11 .00

COMIC CJO11421111130
KW. 15se 7.54. TV. IN;
110, 311. nr.V.

1,50. 941. 33
b$,if, tWda  orb
154 The 04 a 10,edi
105ie

Zfa DATA PACK
Canlatelerre riltirrear u. Ise ZED, CPU. PSI: CTC
el:. sr Re tone Ma tons descntal burn,
Magma 710 Pregoeurieg Mined Unto, 331
p4st9 44511,1 aulteultn 21 at lie 280

oocolesteserittr lorstopt
Risme 2/43 Bletteenpee6 OM Book Imre.
VI (ot* oonsm 231 modim set on ssdned
.-tortesweo all cseplarcra et the 231 lent,

s

76610 Mietonpuin System BM Sub Impose
232 Rini demos dents al Ire Manse 'u pi 01
autecedulti seam Ostia Rd 1te7Prl tit
De weds d he dab pock a crinehllter 13
lons.

Pros: £1435 1044 e. re VAT te 110 On.
pent OA En ever 0 LO manes Pe sem d the
passaist

T.V. MONITOR P.C.B. loi OEM users
nontbloir (I um 131 a Ikon an cs no .1411550

ens It Irian re ans 011 ill firm 23se ea mean
Nil 1 a ase.40 .1 1)911 1011 MOH AN 1.4 caul fain
ut LX 1 resole
heed we* entail Witten. t01 ate re144.4 .10111 eel
sirs an IS WM to' It .1 11 hop es/ 1 Fel gtok
coettole ofte Opel
5001.1 oil 40041 odo 0360

KEYBOARD CASES
405, 210enn Par el sue 330s IBEIMM 11014
510  340met Panel suel30 s I 1Sren 0622

EUROCARD 19" CARD FRAME
to el 2' OM Olrfis ogeo. 7 yet tot ? lie Met
404, lecnea v..pg c00 64
acousiones
Carl pest pact el 16 4193
Comm 0 eget* V. PO 13 27
Cu,. 000.011 tr MOO
br 6 alt inane )111' Dane err! (3234

MR 41512 (vtcard feenecien
14 oil Pro op., a 1114.15,

Seam ern.. I +.15416
II yap lie Its. a) 1616+
Ikea URA rat . s ?Si Si

1222

(LAI
0.24

MICROPROCESSORS
MQ

1513
101021
5922
5522

2158 CPU
2391.017
2106010
zros.stcria

OM*
ISTI MPS
4922 MPG
6115

01.130
Ole
(4 00

0396

£315
14.25
(11.73

5110110, SRAM! ftie
6011131120 a ORAMI 11.30
4110 6521 PIA £140
411 1960
IMAM 11.60
6105110 £120

SCIMP II MM 10
St 4.101111M141 11200
06 116 114610 0190
1161600 0.50

CMOS
COSIMAS CCP tC2CE 15.54
0036107 COP 1101 EIMS
COP 1361 1615

STATICS !Meads 45460
702 - r 4 0.03
21.41.1(.4 990
1.114. 060
61126E163S7K P.W zap 25

61169 co MI6

MECP 4118 1K x 8 (190
0.10 °MIMICS
asp 4114160209S 1109
(7.e5 9 x 4115 16.00

4164 17911
INIIIASAMIS

92611512 0 0 OM
3011 1X 0 1 11.80
01401124 r Senile%

036
0210 e Via 0.10
4244.14 010

PROM WA11010 SERVICE
61,440 porn

SPARE GAM TWIT
UN lobe C12) 111611

In PROM ERASER
1/011: Ma
10111 177.0
PROMP 11393

WIEFFert
611095
011551)
911339
14111

141

not

iN
031$4
101111

891
1116

IN MI PA

930
101
90p
00
fi2p
605
92o

1150
46o

(595
MOO

£230
£250
1269

0nn5e33
sna.002c

13161
15.13

CAT contours tyro
1.0-31ru
ar.310105
14.7101,..
14(2

1401

(3 45
15 GO
(3 GO
(3 BO
14 GO

0460 GEN KEYBOARD
11111301.1

7112 E1S11
53145130, Up79ra1 t

UPS
41-52111 9599

RBMWARE
21I 2117011 rat Z17 11 , 05111

melons e Orinented 1ste 2
(1415

1K 21AM 210 0 2$16 if
X 2101. (1(15

21C Tete ease rot ZOO ll .
25114 (14.15

IC1119111, SUMP 14 o 2701

IK 61131.MM 16 SCOOP III
EOM

2776 (161.15
I130 ensoin Intel ivsfalle 1
11(El1alcs aurae II x MI

TK Csinlp 0 x 57041EMOO
0606 11 x 5041 MIT
FT 'TOG 52241 (14.95
001116 311 57611 04.15
52110.51111  saw (14.95

UM/ MODULATORS
8011111 E3151/81t.

ry pane Is cheso afros.
betmse 4 .4 4. 1210

U641333 06 Bede b. elrefil.
comma? 103 type (4.55

U11104 (36 Conan* wit.
1.010.0110 eine no1u a
lat yen XT111(1114p. ;owe
knh 6460,66.:4 des

VOLTAGE gEOULATOAS

nab
7812
7912

45p

Lip
Sly

VOlTeGt CONVIATU1
MODUUS

Weal Ise son r glInnffige
Oft, satlIna lo ellen -03

IN. of dull irr eoor to,
ASCII 1.0.3tves. es Ill
*dices *same RAM, fls

1100 reed  SY
$11 Ot each nolde 1.,:i.d
,90011as x b x lOnn
Elle AO1P-12310
 172 perm i15.14nA1 14.95
Type 4014-121110
-111 Piing ri'151n6. 111.95
Type A01412910
- IN dual pulpit.) x 112
ihnat

71

ETI MARCH 1982 65



BUYING MAIL 
ORDER 

Without mail order suppliers of components, most of the projects 
you build (not to mention this magazine) couldn't exist. Kathryn 
McFarland and Ron Harris take a look at both sides of the fence. 

If there is one common factor uniting the adherents to the 
hobby of electronics, it is the dependence upon mail order 
companies. Magazine projects invariably seek to employ 

new devices which may not have filtered down to the corner 
component shop at the time of publication. Prices from a mail 
order house will generally be lower, as they tend to buy in vast 
quantities and thus attract trade discounts. 

Laying aside for the moment the whims of the. GPO, it is 

remarkable how well the system runs, given the volume. Just 
about every enthusiast in the country orders something each 
month and will almost certainly receive excellent service. 
Naturally some people get a raw deal - things go astray, 
orders are not fulfilled, or incorrect goods are supplied. Nor- 
mally such mistakes can - and will be - rectified im- 
mediately by the company and all will be well! 

When things continue to go wrong, however, there is the 
'Mail Order Protection Scheme' to ensure that the consumer 
is fairly treated. (More on that later). As a magazine with a 

large number of mail order advertisers, ETI sits fairly and 
squarely in the centre of the mail-order world. We produce 
the projects, we carry the adverts for the components... and 
we get the complaints when something goes wrong! 

Breadboard 
At the recent Breadboard '81 exhibition, we took the 

chance to gather both sides of the mail order story. Most peo- 
ple using the service will not have heard the history, nor know 
exactly to whom it is they are sending off their hard-earned 
cash. From talking to some of the companies involved, it was 
also apparent that there were obvious ways in which people 
ordering goods could make life easier on themselves and_en- 
sure a good service. 

Thus the purpose of this article is to give both sides of the 
business a much needed airing, to fill in the details for the 
man at home and pass on the hints from the suppliers. We 
went around the show and interviewed some of the people 
behind the companies and talked to many of the visitors to 
our stand at Breadboard, from both the trade and the public. 

What follows is a round -up of their comments and sug- 
gestions for improving relations and service. Not all the com- 
panies interviewed have been quoted - there is only so much 
space in an article, but we thank them all for their time and 
trouble! (We can assure you that your words were not wasted 
and nonetheless went into the shaping of this article.) 

Days Of Mail Order Past 
The oldest service of this variety in England began some 

20 years ago, although many of the better -established firms in- 
sist they were the first, despite being founded well after this. 
The pioneers came from all walks of life; most, however, had 
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at least a spark of enthusiasm for electronics (besides an in- 
terest in the potential pound notes!). Several were electronics 
designers, or keen hobbyists, while others were already 
established in related fields. A few companies, such as Global 
Electronics, began as UK offshoots of American companies. 

Of this early business most was only a sideline conducted 
from kitchen tables, basements, and bedrooms, with friends 
and family employed as slave labour more often than not. 
What started as a scheme to earn a few extra quid a week 
took off almost immediately, to the delighted surprise of the 
founders. Orders poured in and business boomed. The market 
lay open with profit gleaming like a pearl on its surface. Suc- 
cess spurred the new businessmen to quit their office and 
sales jobs, leaving them free to go full-time in the expanding 
field of electronic component mail order. 

Mail order served then - as now - as the main source 
for designers and amateurs to obtain transistors, components, 
electronic instruments and semiconductors; with products like 
electronic keyboard kits available strictly through a particular 
company. "Back then, electronics wasn't as advanced", says 
Mr. Nazir Jessa, co-founder of Watford Electronics (who have 
been in business for nine years). 

Modern Mailings 
Today, mail order takes many forms. Companies often 

function as manufacturers and distributors, supplying both 
the domestic and trade markets in the UK and abroad. In 
addition, several firms run a shop or two in various locations. 

While single component sales and special kits comprise 
the bulk of the domestic market, industrial orders continue to 
bring in the big money. The average hobbyist's order ranges 
from six to 15 pounds, including the standard 50p to 75p 
postage and packaging charge. Industrial orders run from £20 
to upwards of £350. Enthusiasts are often discouraged from 
ordering small, low-cost items because of the static 'P and P' 

charge, but it is not necessarily the intention of the companies 
to deter these buyers. Apparently, it costs the company the 
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FEATURE 

same amount of money to process each order, regardless of 
size, hence the fixed fee. 

Despite added costs, amateurs often get the best deal 
through mail order. While some companies maintain a policy 
of applying a 50% mark-up on their goods, others tailor prices 
in accordance with the competition which is, at present, fairly 
steep. "The amateur often gets goods at trade prices", says 
Mr. Longland of Electrovalue Electronics. 

Lone Rangers? 
In addition to the well-known firms, there exists fly-by- 

night 'hit and run' companies which buy in surplus, and charge 
less than the established traders are able to - but only for a 

short time before moving on. These 'cowboys', as they're 
referred to in the business, ride the market for a time, aiding 
the amateur in his quest for inexpensive components, while 
simultaneously reeking havoc throughout the mail order 
world. 

Many companies will admit they are a bit put off by the 
cowboys' temporary influence on the market situation. "This 
business is plagued by them", says Mr. Shipton of A. Marshalls 
Ltd. 

"An awful lot of companies come and go. Fly-by-nights 
can be expected in his business. Other companies are around 
year after year and you will see them in Breadboard. These 
are the names you can rely on", says Global Electronic's Tina 
Knight. Mr. Longland (Electrovalue) has resigned himself to 
the problem, taking a philosophical view: "We've always had 
cowboys and we always will". 

In the long run, companies rely on their good reputation, 
the quality of their products and (excellent) service to see 
them through hassles of this sort. In most cases, satisfied 
customers re -order regularly as they establish trust and con- 
fidence in a particular mail order company. 

Many customers, however, go straight to the company of- 
fering the lowest prices - a basic human reflex nowadays - 
which can only be combatted by compromise. "We're af- 
fected initially by cowboys because people tend to go by 
price", says Tina Knight (Global), "but you get what you pay 
for in the long run". 

Competition Time 
With the current economic climate as chilly as it is, com- 

petition has acted as a catalyst, forcing companies to become 
more dynamic. "Business is holding", says Global, "but we've 
had to work harder to maintain it". Mr. W. P. Baines, of Bi -Pak 
Semiconductors, says his company is "feeling (its) way around 
the recession". Although Bi -Pak is maintaining turnover, they 
plan to open more shops and get more sales representatives 
on the road to increase sales. A few companies aren't as 

affected by competition, such as Vero Electronics, which 
manufacture and distribute goods and have only(!). the reces- 
sion to worry about. 

Businesses like Clef Products Electronics, suppliers of kits 
and made-to-order electronic instruments, say they "aren't 
participating in the recession", which must mean business is 

excellent. The majority in the field, however, have had to 
become more efficient to survive. That and price -cutting 
makes competition the consumers' ally. 

Mail order efficiency means knowing the market - what 
products to stock, on which components to hold prices, which 
to cut - and understanding the customer. 

It also involves making your advertisements more attrac- 
tive, according to Electrovalue, as well as keeping a mailing 
list of known good customers. "If you know the market, you 
can hold your own", says Longland. "We keep a log of our 
customers (when they tell us who they are) and what they're 
interested in". 

Satisfying Customers 
Keeping customers happy is another concern of an effi- 

cient mail order firm. Many will now guarantee the prices 
printed in their catalogues, while others distribute updated 
price lists regularly free of charge. 

Several companies offer unconditional guarantees and 
24 -hour delivery to attract and maintain business. According 
to Mike Humphrey at Vero Electronics, customers develop a 

'relationship' with their suppliers. "It's very emotional," says 
Humphrey, "they'll never buy again from a company that 
upsets them". Companies therefore try to maintain prices 
(within reason) as customers often become dismayed if 
another bill accompanies their order. Not all prices printed in 
catalogues remain the same, unfortunately, and a company 
can't realistically afford the time and expense of publishing 
more than one catalogue per year. Therefore it's best to check 
monthly magazine advertisements for a supplier's latest 
prices, or to call the company before placing an order. If they 
issue regular lists, make sure you use the current one. 

One of the biggest complaints mail order suppliers 
receive is that the goods aren't delivered quickly enough. 
Several factors interfere with the smooth processing of orders 
including customer errors, discontinued or out of stock items, 
and the postal service. It's easy to blame a faceless institution 
such as the GPO, but apparently orders disappear or are 
delayed in the post from both ends of the process. "We occa- 
sionally get stick from our customers due to the postal ser- 
vice", says Mr. Shipton (A. Marshalls). Although Clef Elec- 
tronics promises immediate dispatch of orders received 
(unless a product is made to order), they cannot guarantee ac- 
tual delivery will be that rapid. Bi -Pak, for instance, sees to it 
that 97% of orders they receive in the morning go out that 
afternoon, the remainder may be held up in re -ordering if an 
item is out of stock. It usually takes 10 days (less if you're 
lucky, more if you aren't) for products to show up on your 
doorstep. 

That's An Order 
Simple errors in orders add to delay by confusing staff 

and result in wasted time. "We'd save five minutes on every 
order if people checked the prices on items", advises Mr. Jessa 

(Watford Electronics). Many people forget to enclose pay- 
ment or, would you believe, neglect to include their return ad- 
dress when ordering. Tina Knight (Global) thinks remembering 
to put both name and address on orders is the best advice she 
can offer to help customers get the most out of mail order, or, 
for that matter, to get anything at all! 

Writing clearly and enclosing an SAE with queries is also 
advisable. There are several ways to place an order, the most 
common being that of a letter, with remittance enclosed, 
whether in the form of a Giro, cash, or cheque. Ordering by 
phone, or with an Access or Barclaycard are other alter- 
natives. Telex is usually employed in overseas orders. 

Despite the obstacles, electronic component mail order 
continues to gain popularity in this country. One reason might 
be that people are finding it increasingly difficult to afford to 
purchase ready -built goods. More consumers are getting into 
DIY projects, including electronics. "Every year, more and 
more hobbyists go into electronics," says Mike Humphrey 
(Vero) "some are having a dabble. They're getting a soldering 
iron and becoming consumers of components." 

Mail order will undoubtedly survive the recession and 
continue growing. "The market is big and constantly 
changing", says Mr. Humphrey, "many companies have rea- 
lized a recession means a major understanding. They've had 
to become more efficient." 

"You have to be good to survive. Components bought to- 
day can be worth half as much tomorrow because of the in- 

creasing technology. But a high technology product can set, 
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manufacturers off to the moon. They can annihilate the 
market!" 

Foreign Practices 
Retail trade in England is quite different from that in 

France, Belgium, or Germany. Components are sold in shops 
resembling supermarkets throughout these countries and mail 
order takes a back seat. In Germany, there are only four or 
five large mail order houses for the entire country. Most cities 
have shops that sell everything you need to complete almost 
any project. Of course, there are cowboys over there as well. 

Mail Order Watchdog 
You're not out there entirely on your own when mail 

ordering, you've got a friend - the mail order protection 
scheme. Essentially, you may be eligible for compensation if 
you order goods from an advertiser in participating 
magazines, pay in advance by post, and don't receive your 
order should the company be officially declared insolvent or 
go bankrupt. 

The scheme is observed by every responsible publisher, 
and is explained entirely in the back of ETI. Provided the 
goods haven't been sent by the supplier, you should write to 
the magazine's publisher explaining the problem and giving 
proof of payment (between 28 days and 2 months from the 
day you sent the order), customer claims will be honoured if 
they satisfy the requirements. 

This guarantee covers those who sent advance payment 
in direct response to an advertisement run in the magazine 
and not for payments made to advertisers' catalogues. 
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A.J.H. Electronics 20 Barby Lane, Hillmorton, Rugby, 
Warwickshire CU22 5QT 
Tel: 76973 eve. 71066 

A. Marshall Ltd Kingsgate House, Kingsgate Place, 
London NW6 4TA 
Tel: 01-624 8582 

60p 

Ambit International 200 North Service Rd, Brentwood, 
Essex CM14 4SG 
Tel: (STD 0277) 230909 

Audio Electronics 301 Edgware Rd, London W2 18N 
Tel: 01-724 3564 

65p 

Audio Video Service 19 Galsworthy Ave, Rumford RM6 4PX 
Tel: 01-599 6680p 

B. Bamber 5 Station Rd, Little Port, Cambs 
CB61QE 
Tel: Ely (0353) 860185 

75p 

Bi -Pak P O Box 6, Ware, Herts 
Tel: Ware 3182 50 p 

B K Electronics 37 Whitehouse Meadows, Eastwood, 
Leigh -on -Sea, Essex SS9 STY 
Tel: 0702 527572 

Chordgate Ltd 75 Faringdon Rd, Swindon, Wilts. 
Tel: Swindon (0793) 33877 

15p 

Clef Products (Electronics) Ltd 44A Bramhall Lane South, Bramhall, 
Stockport, Cheshire 5K71AH - 
Tel: 061-439 3297 

Incl. 

Crimson Components Ltd 101 St Leonards Rd, Windsor, Berks 
SL4 3BZ 
Tel: 07535 57340 

20p 

C.T. Electronics (Acton) Ltd 267/270 Acton Lane, London W4 5DG 
Tel: 01-7471555/994 6275 

Electrovalue Ltd 28 St. Dudes Rd, Englefield Green, 
Egham, Surrey TW200HB 
Tel: Egham 33603 (STD 0784; 
London 87) 

40p 

Global Specialties Corp. (UK) 
Ltd 

Unit 1, Shire Hill Ind. Est., Saffron 
Walden, Essex CB11 3AQ 
Tel: (0799) 21682 

Greenbank Electronics Chester Rd, New Ferry, Wirral, 
Merseyside L62 5AG 
Tel: 051-695 3391 

4013 

Greenweld 

/ 
443A Millbrook Rd, Southampton 
S01OHX 40p 
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FEATURE : Buying Mail Order 

Readers answering classifieds are on their own as classified 
advertising is excluded from this scheme. Perhaps the expres- 
sion caveat emptor is a sufficient word to the wise. 

Check It Out 
In our quest to make mail order a comprehensive subject, 

we've included a sampling of companies and a checklist of 
their components and services, 

Perhaps it would be valuable for regular mail order 
customers to do a little research on their own and compile a 
complete chart (including price) as quick reference. For our 
guide, we scanned advertising pages of seven monthlies, con- 
centrating on those firms which dealt mainly with com- 
ponents. 

MAIL ORDER MADE EASY 

Compare company prices, postage and packing charges and policies, 
to find the one suitable for you. 

Make sure you know the correct price of an item before you send in 
an order. Check recent adverts and catalogues, or better yet, call the 
company directly and ask them to quote current prices. 

Enclose the proper remittance (including P&P charges) in the form of 
a postal order, cheque, Access or Barclaycard number, or cash. Com- 
pany policies will dictate which to use. Sending cash should be avoided 
as it is risky. And don't send your credit card! 

Print your NAME and ADDRESS clearly on the order! 
Enclose a self-addressed stamped envelope with all enquires to en- 

sure a reply. 

NAME ADDRESS & TELEPHONE , 
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Henry's 404 Edgware Rd, London W2 1 ED 
Tel: 01-723 1008/9 5013 

Langrex Supplies Ltd Climax House, Fallsbrook Rd, 
Streatham, London SW16 6ED 
Tel: 01-677 2424 

L.B. Electronics 11 Hercies Rd, Hillingdon, Middlesex 
UB10 9LS 
Tel: Uxbridge 55399 

40p 

Magenta Electronics Ltd 135 Hunter St., Burton -on -Trent, Staffs 
DE14 2ST 
Tel: 0283 65435 

40p 

Maplin Electronic Supplies Ltd P -O Box 3, Rayleigh, Essex SS6 8LR 
Tel: Southend (0702) 554155 2513 

Micro Times '19 Mill St, Bideford, North Devon EX39 
2)R 
Tel: Bideford (02372) 79798 

50p 

Modular Electronics 95 High St, Selsey, Nr Chichester, 
Sussex. 
Tel: Selsey (024361) 2916 50p 

Namal Associates No 1 Claygate Rd, Cambridge CB1 41Z 
Tel: 0223 248257 10013 

Parndon Electronics Ltd Dept No 23, 44 Paddock Mead, 
Harlow, Essex CM18 7RR 
Tel: 0279 32700 

Rapid Electronics Hillcroft House, Station Rd, Eynsford, 
Kent DA4 0E) 
Tel: 0322 863494 

50p 

Technomatic Ltd 17 Burnley Rd, London NW10 1 ED 
Tel: 01-452 1500/450 6597 4013 

T.K. Electronics 11 Boston Rd, London W7 3S) 
Tel: 01-579 9794/2842 50p 

T. Powell Advance Works, 44 Wallace Rd, 
London N1 
Tel: 01-226 1489 40p 

Vero Electronics School Close, Industrial Estate, 
Chandlers Ford, Hants SO5 3ZR 5013 

Watford Electronics 33/35 Cardiff Rd, Watford, Herts 
Tel: Watford (0923) 40588 50p 

This table is comprised of those component suppliers who cou d be directly contacted, 
companies. Data was obtained through recent magazine adverts when companies 

information over the phone. (Conditions subject to change.) 
could 

and excludes 
not furnish 

specialist 
complete 

kit 
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THE LOGABAX Z80 MICROPROCESSOR CONTROLLED

LX180L MATRIX PRINTER
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pan *4 Type tomk del c script, double width italc large. medal * Inter ne heifer
* Internal salt test *170 CPS *Venable papdr tractor up to 175' aide *Seed steel
Conitructon * All ',Aware in 2703eprems easily repurfrpirei for 'ham fonts etc

All Ns Ind monk net rekrbshed brat BRAND NEW At Only £525 +vet
Also available identical to above LESS Electronics Card £250 + VAT

 outage and Ins (11.00 + VAT
OPTIONAL EXTRAS * lower case 1251:0 160 buffer 170 00 * Second tractor lot
SMIsIGIne0.4 dual fermi:95E0 * Lcgaba. manterrance P 0 A

Protrumnal type mere fillets as uSee V, Nan
PotleshiClufefS deal for curing those unnerve.) ha sal.,
era date gitbluss ht one nowand Cure your
5.sisersinon Deuces 505 Al 0 5 amp 16 .9
Ccrcorn Inc E1900 30 ampC13 96 Cl00

MUFFIN FANS
Ss*, raw eisivagasefe C..l sod essabla Iasi land no
'Mono Files" noun siert novo. red nosoIr erarwn.e Ann.l. on
Brae vaere.t 110 V.A. C. E 5 05 pp 90p OR 240v A C
f 50+pp 80p. 01111eNSIOMS 4,4' .4..6' a 1'

I II (.1 F1 ON IL'
COkIPONI N IS
75. E ()MPhil N T 661,

DISCOUNT
Due to our massive built purchasing programme
when enabaes us to bring you Pie best passage
bargains we have thousands of I C s. Trans.stots
6e4450. Caps. P C. B 's. Subemembles. Switches
et. etc. surplus to ow regurements Becease we
don t have sufficient tuxes of any one item to
include n our ads we are packing all These items
into the "BARGAIN PARCEL OF A LIFETIME"
Thousand/10f Components at queerer anon,
Guaranteed to [re worth at east 3 rimes what you
Pay put we sways include something from ow ads
far unbealatte value'! Sold by weight

2.5ide f 4.75+pp £125 5kb f 6.75+pp £1.80
101de £11.75. pp f2.25 2016 £19 99,pp £4.75

8" FLOPPY DISK DRIVES
Vet stein *Wye mowed losecssf is

lope arsipmest of tomorrows technology
et perces as yet unhand 01 11 And to rots
mot of our purchases can pees than
rennge diroct to youth The DR 7100 &
72009 boggy Oak Peres heel many

Netutes to wand* literally any
BUS configuration with lull daisy dune
Co internal Airmen 77 tricks on the
Ingle Odd 7100 sins troth 0.8 MB of
ease end 154 Heck. on rise 7700 double laded driest wee  manna 1.6
MB or den. Meny alum features ouch es sob en how DIC10ifiess. Ism
or ANSI standards, only 240e AC, .74 & .5y dc gown feelfeffeneelf.
Wu/ Our unbelievable press nuke Mose drives' 100.
Suppt MO BRAND NEW and bored compete wan user nontse17
7100 tiv40. tided £225.00  8.50 err,  net,
7700 Cootie sided £295.00  1150 & err.  mt.
4.1 tech nu_al cram I svauletale £7.50 wet e Of luiee esOfdSeilS

PSV
+ 5V, + 24V
Ideal 2 DRE

drives
Brand new

£37.50
+ car + VAT

- DEC CORNER -
OEC TUROTININ CASSETTE DRIVE ... £375 +VAT
PDPI105 MINI I'D MEMORY. CPU ETC. £450+ -VAT
1.511132KM:7F MOS MEMORYCAROS£295+ VAT
RX05 MEMOREX DISK PACKS

12 setter3E 20.00+ VAT
LS11102 PROCESSOR CARD £275.00+ VAT

' All hoes of DEC equipment purchased for cash       
IP

0
0.0 00.0

RF CONNECTORS
5011 INC PIG 50p
75 fl INC PLG SOp
PL259 PIG 400
50231 SKT 35p
100 PCS MIN ORO

HIGH SPEED
DATA MODEMS
wad pm degreent wash Sf tabs la be

re cod vest' neit Is do EPO, ew Midin 17 a a
tedirsrea Sheen le Se MTh 2412 sewn a
der des Mrs Mem Mss mirk mecarto
neuron 2103 lad IA Ass. 6W 120) sash
an rano 4 we in 2 we omen Selbst 110
Bari asXido1. 1.745 Weeders renleactererseen
4per to! sat £700 earl Bided teed
Sufeld MOM oil 1'9/et
£185.00 + £9 50 Pow 4 SAT
 PuTvare easy to aped 6 rumbas rp Paler

PERTEC
PERTEC TAPE DRIVES

t %ICA 6134() - /5-25 C175 00 
;AT
9 track 6840 - 9-25 C295.00 
VAT

Phcoe for more deta4s

SOFTY 1 Et 2
EPROM BLOWER

launnare development union aI, 111Ir fY.n rCt desist,
hobtresIn etc. Entries even heart surgery on 2716 2700
Blows, copra reads FPROM5w surovorsE PROM/RON ;14 f.t
n situ onto displaying contents on Oornestc IV recesses* f4al.
other Whams. 1115  coo  VAT Omens, 2716. 2716

Funnon Cam C40  VAT. PSU C20  Cl 60 car  VAT.
Sally 2 leo 2716/7137 E169 +VAT

Woos of phone lot recre &funs

9" VIDEO
MONITORS

EX EQUIPMENT 9" MOTOROLA VIDEO MONITORS
tla COMPOSITE INPUT, TESTED HUT UNGUARAN.

LLD 139.99 - 17.50 CARRIAGE I VAT.
CIRCUIT.

SEMICONDUCTOR
'GRAB BAGS'

1./..41$1.11 10.10 $ rele.1.89.11o, Julie hate. l : s

lima. Ostia' laver mu, VS it 411 train sum. 1.10..11 new sal 3Jr,
tram ..... entronne sett CI OS 103. en Is 15
ell /1t Soon
A 'sole ,sans. el an 'Jam &a Lard' raga al /1ff t ono I C 's
nabs, as le allai 1:1). nine "nail, t f s  crab Blur
slim aux e Of Sas *tun asan.1. tarn la Sao

1.111.11114 at I C .1,01 sin. ICIO Loll :lb tlt f 19 rat

ELECTRONICS
Dept. E.T.I . 64-66 Mellon Rd., Thornton Heath, MAIL ORDER
Croydon, Surrey Tel: 01-689 7702 or 01.889 6900 INFORMATION
Unless etheeivisu swans ll tyres mclusne of VAT. Can, at,,,,,ne
order ,al.* C2 00 Press and Postage quoted tar tec only. Where pest aryl
prong not ncscated pease DM 80p pet order Bore Fele mess's Wars
Miro ff1.1In C 2 0 00 E open and trade ontb..111.14 Crde.1,0,,VIC11,<1
same Paw Anemia:m*4w 315 so:Norge on Ac:ess and B.lft:Lissiare raters

RC/1FULLY CASED

ME ASCII CODED

KEYBOARDS
IDEAL -
TANGERINE,
01110 ETC.

StraigM Man the U SA made by the weed larnmsRC A Ca the
VP600 Series el cased freestatwang keyboards meet all remora
mints or the rest coaches use,, right down to the parcel
Utlisin; Ms blast in tritch teCteld Gurameed n MMUS of
5 Innen operetrans The keyboard has a host et ether features
indading tut ASCII 128 character sat, user definable keys.
upper/IN/et case. rollover protection. single 511 rat. laytooro
1-papows to Squids and dot TTI or CMOS outputs even en
cnboard lore steamier toe keypress feedback and a 1 year NI
RC A_ backed guipantee
VP1101 1 It,. fully coded scowl Arm slettsed
slrnba. eft £43.95
VP$11 Same as liP6Oloth numeric cud f54.95
Yeses Sena RS232, 2CMAard TEL output no.
65(4(101e Claud Rates C64.26
VP516 Same as VP606. with rumens pad £94.34
Plug and cable fee VP931. VP611 42.25

Plug her VP9215 vr6I6 1210

Packer, and Insvoree
ORDER NOW OR SEND FOR DETAJLS

(1.95

5v D.C. POWER SUPPLIES
FoloVied the recent "SELL OUT  demand for our 5v
3 amp P S U. we nave managed to secure a large mien
lity or ak computer systems P 5 U s with the following
spec 240 or 110y A C input Outputs of 5v fgti 3 4
amps. 7 2v gr 3 amps and 6.Sv ED f amp The 5. and
7 2v outputs are luny regulated and aderamble th
variable currant lending on the 5y supply Unit n sell
contained on aPCB measuring only 17 a 5 . 3
the 7 2v output is ideal for leedro 'on board' requ
latOeb Ora Further 3 amp LM323K regulator to giya ate
effective 5y @ 7 amp supply
Sawed compete with circlet at only 110.95  11 .75pp
Believed week ing bar untested. ungiutrartrmil
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go

now PCBs were always the hardest component to obtain for a project. Of course yo
c tittce your own, but why bother anymore?
tkow;irm.i.CAII kiryour boards straight from the designers - us! As of this issue all (non- 0

r,pyright .Pull be available automatically from the ETI PCB Service. Each board is 0
duced.fromthe'same master used to build our prototypes, so you can be stir° it's accurat

ttailWifi:43e finishedio the high standard you would expect from ETI.
1clilition to the PCBs for this month's projects, we are making available some of the more' '

ular-4esigns from our 'recent past. See the list below for details. Please note that NO OTHEliTt\i
ARD5AglEVAILABLE. If it's not listed, we don't have it!

I 4.fr

 I A

APRIL 79
Cl Guitar Effects Unit
0 Click Eliminator

£1.98
£4.98

JANUARY 81
0 LED Tacho
0 Multi -Option Siren
0 Universal Timer

£3.10
£2.40
£2.48

Heartbeat Monitor
L Watchdog Home Security

(two boards)

£1.37

£3.98

JUNE 79 SEPTEMBER 81
0 Accentuated Beat FEBRUARY 81  Mains Audio Link (three boards) £5.51

Metronome £2.70  Infra -red Alarm (four boards) £4.98 0 Laboratory PSU £3.40
0 Pulse Generator £2.68

FEBRUARY 80 OCTOBER 81
0 Tuning Fork £1.98 MARCH 81 Enlarger Timer £2.55

C Engineer's Stethoscope £1.99 0 Sound Bender £1.99
MARCH 80  Thermal Alarm £1.97

O Signal Tracer £1.70 APRIL 81 Micropower Pendulum £1.66

0 Musical Box £1.98
AUGUST 80 0 Drum Machine(two boards) £4.20 NOVEMBER 81

0 CMOS Logic Tester £1.98 0 Guitar Note Expander £2.40 U Music Processor £5.51

0 Capacitance Meter £2.20 Voice -Over Unit £2.98
0 Ultrasonic Burglar Alarm £2.15 JUNE 81 Car Alarm £2.11

Mini -drill Speed Controller £2.20 Phone Bell Shifter £2.22
OCTOBER 80 Antenna Extender £2.40

LI Cassette Interface £2.20  Alien Attack £1.98 DECEMBER 81
CI Fuzz/Sustain Box £2.45  LED Jewellery: Cross £1.10 D Alcohometer (two boards) £3.99

Spiral (two boards) £1.98 Bodywork Checker £1.48
NOVEMBER 80 Star (two boards) £1.99 El Component Tester £1.12

E Touch Buzzer £1.45  Waa-phase £1.15
0 Light Switch £1.45 JANUARY 82
0 Metronome £1.45 JULY 80 0 Parking Meter Timer £1.78
0 2W Power Amp £1.45 0 System A A-MM/A-MC £1.99  Infant Guard £1.35
 RIAA Preamplifier £1.45  System A A -PR £3.88 El Guitar Tuner(two boards) £4.48
LI Audio Test Oscillator £2.35 0 Smart Battery Charger £1.48

MARCH 82
DECEMBER 80 AUGUST 81 Infinite Improbability Detector £2.53

0 Musical Doorbell £2.10 0 System A Power Amp(A-PA) £358 Capacitance Meter (two boards)L10.64
0 Bench Amplifier £1.90 0 Flash Sequencer £2.58 TI Robot Motor Controller £2.85
0 Four Input Mixer £1.98 0 Hand -clap Synthesiser £2.98 J Light Wand £1.40

How to order: indicate the boards required
by ticking the boxes and send this page,
together with your payment, to: ETI PCB

I wish to pay by Access/Barclaycard. Please debit my
account

5 2 2 4Service, Argus Specialist Publications Ltd,
145 Charing Cross Road, London WC2H 4 9 2 9OEE. Make cheques payable to ETI PCB
Service. Payment in sterling only please.
Prices may be subject to change without
notice.

Signed

Name

Total for boards £ Address

Add 40p p&p 0.40

Total enclosed £

BARCLAYCARD

VISA

ETI MARCH 1982 11



1141)16 6E0 IMAGE CONVERTOR type 0406 ICTIMI 1 %." de. Remites
smile tow nitwit 3KV en EXV supply. Mau.luso, boned. With data.
£1260...10 oft LIN
INFRA RED OUARTZ LAMPS. 23OV 620 Walls Sao 1311 qt" [1.50
eh 10 off (10.240V 1660 Watts Sea 22% x B^ do. [3 es. of[ S.
FAIJS 1I5V 13 Watt Sire 3% x 313 x 11I". Secorehand12.50.41.
CENTAUR FANS 1 t5V Site 414 x 4% x 1%". Noe [4.50 ea.
Secondhand C2300.
DELAY LINES 50 nencene. GrourveIn.eut. Site 2 x 7116 x 5116".
New 25p 0.10 oATE2.
PULSE TRANSFORMERS. Sub nin Sae IS x 5716 x Yi" Soccndvy
cantle moped. New. &thee/MN, Thenetee mooed! g. 20p es 1001E1.80.
100 01(11
MOTORS 17V DC with pulley fe seribeeducsot 'peel cermet. New CI ea
10 oN (*.
0)140N0 el CONTROLS ROTARY SWITCH Snob pole 10 way. Printed
, teasmount. New 10p ea.100 oil 0.1000 01130.
STEPPING MOTORS - 203 Step 20 on'h torque. 12/24V Input. 5 ware.
C120.
STEPPING MOTORS - 200 Slam 20 WM torque 1224 Input 3 wire. [4 es
S TEPPING MOTORS - S Volt 3.3 Amp opelaton 2 WY*. PPS 0220.
AMP 026). Wird Ell wt.
STEPPING MOTORS - 67 12 pommel can he used as a GICIV. 127245'M1
woik on5VE1.60 ea 51013.
SIVGLSPLY TELEPRINTER PAP131. Size B 7116" x 37!16- 1.2S tooh of 12
ma 1.01E12P6P 0.50.
BLACK RIBBONS FOR TELEPRINTERS lip each oil for CA
MIN KEYBOARD Push contents mined 04 Er A -P b 3 Mena [1.75 es
1010115.
KEYBOARD PAD Sim 3 = 2 h 2" high with 12 Alm. Reed Swixhes.
Blue keys moiled in peen. 41 Er e star with one blank. tal sit. IS off [15.
P&P (2.50
DON'T TAKE CHANCES U,. Ow mow ENT CAN 10p matte [750 100
metros PAP 0
RAPID DISCHARGE CAPACITORS 8 mid 4KV OS amits P&P [2.
HUNTS CAPACITOR 0.1 mkt 3KV DC Wkg. Site I II- don x r. [1.25 es.
101er tic
E.H.T. CAPACITOR 933 pi VW ZAP 00411-
DECOUNING CAPS 0.05nld 10V: 0 °held: 0047 2504*: 31001. 100 oti
coo 1'0*(1.60
CAPACITORS .tat So etch. 320331: 220n1 001mN 11324; 0.1 u1400V.
REMO IV Type POULTiPUER. Two liqh voltapt outputs b lone Cl each.
w in 13.
RANCH 250V 113A THERMOSTATS with Control Km* cslineted50.202IT.
[2.60 °se
MICROmet,.ONE)EAPPIEN INSERTS. E. Mn. Ward New %emceed. 76p es.
10 off DI.
TRANSFORMERS - NI Bard New.
Auto 243N smut 1154 t A:rename L1250.
240V Input Sic EN 1 EPA. Site 2%  2 x r. Good motto E1.60
240V Input sac I2V 1011.14, Sae 00 x 40 = 42um 50g. ea.
240V Input Sac 12ci.tIV6oNA. Size 0 x 45. x 4:mm(10
116V Input Sec Me 301.16 Site 1 11 Me x 124 x 11:". 2 67460P
240V Input Sec 2 seiminas I2V arx124V t Amp. Sao 2S  2 x 2 on
Sub.rAo 0.120-240V uput So: 1243131. rfflod 4YA. 7Sp ea. 10 elf 01.
100 Of 145.

TOROIDAL 0-116230V Input. Output 135.0-1154 mad $VA. (1.70 an
10 016.5

TOROIDAL 0120-204* Input 000./10 IN, IINA net oindirg. ErcAimlow
I denten to A.S. Cturp7neres at 13.40. OUR PRICE LS 0

TELEPHONES - PAP (1.50 es. S.10 ones EB. Over by yrtb-gbb.bm
106 sore Bleck Grey, Buis Gteen 43.6041.10 off (IS DI:coloured E4 ea
1001127.50.

746We Bleck Of Gay 1750...Older Block style 0.50 ea.

SOME ENT TRANSFORMERS Et CAPACITORS Ofool Ye onstabie - obsce
tiqure.
VARIACS -2 Amp. Lehanpment. Good earoStion. es. PEEP C3

TRANSISTOR INVENTOR_ 116V AC 1.7 Amp Imes Switdsing at 20KHZ
Output vanctros horn Pat Cons Can be rewound et broken for components.
Cretin Sunned. (1.25.. PAP [2. 10 01E10 Catnap. N.

Conceit ITN owl. to  SUPER BATTERY CHARGER Maumee omen
ministry quedin case - ftfnOrOlais offnf011orn plstot - Amy dufy
1,1101,01 - high power teaser. to Moira coloonf - Gen11.0 twa..nnut
amp Mat - %4n0 nu) teminels at Inint noel for nOrronting had,.
0.60 es. PAP L3. FOUR UNITS E12 C.- den 16

NI:nature VARIAC 0.6 Amp h BIM Case size 101: x 05. x 6l)" wen 20
coloured street sire 4minfaCialishi-s minipb renege It current minute
As NWE. LIS ea. P&P O.

AMPLIFIER BOARD corn/tete AIM Hon srii b two neon Ttenemon
tape 2NS213 Occult supptol E1.50 ea.
CABLE TIES Beck 13cm long Of Wow 9cm SO rot SOP.
TOOEILE SNITCH. Comte all. 309 40.10 to, 12.70.
4 CORE CURLY WIRE eetiondhp so2 mama 20p ea. 10 off MIN 100 01[16
Ma Poiendommes - Ede. 1K Uri; 3.3K Un; 4.7K Un. M 15p each
1000f NE

MARE WOUND RESISTORS 4 WATTS -11 et 10p etc 10 off 115p: 100 01 0
Vskwe - ISO: 2112: 284 7508: 22K - 111562R: 1NR: 15011:13301: OKI: 15K.
MULTICORE CABLE. IS Way. Mub color. 75p pet metre. 100 meant drum
156. Catt (S.

GEC 4 Outten UHF TUNER LI.60 ea 1001 611.
GEC 6 Button UHFIVHF TUNER. Ct 0.10 eft £15
SLID S TATE UHF TUNER 31MHZ CI 0.10 Et
911

O0TOAOLT1PUERS
-Metw MemnonOf P&P Rtes L150 se.

British 2" widow Arreltan2"13 am RCA Noe 2020[4 OK Specut
Ars-micas by RCA DI es; MULLARD 193AVP Useful Pe 32nun
HONEYWELL STRIP CHART PAPER UN Mb. Ref no 371625-0100
EVEN 12)68. 500 pot toll. 10mile [ONO ON.
BLUE THERMAL PAPER 43010 rot it wile. C2 pet tot PAP E7.6 tole 00
Cm. GS,

FOR FULL COMPONENT Et TEST EQUIPMENT UST WRITE OR PHONE

WAYNE KERR BRIDGE B221 C70 ea.
wh`rNE KERR UNIVERSAL BRIDGE 13521
ICT3T51 C50 ea.
MARCONI SIGNAL GENERATOR TF801Cu IS
10-485 MHZ (65 es.
AVO VALVE TESTER 120 ea.
ADVANCE AUDIO SIGNAL GENERATOR JIA

E30 ea.
ADVANCE TIMER COUNTER TC16 ea
107483) DC-260MHZ
AVO SIGNAL GENERATOR No. 2 AM/FM

C75 ea.

PDP8 in 511 RACK CABINET C100
TELETYPE 33'.

K SR iron/ E50 each ASR from 05 each

MULTIMETER
Russian type 4324 AC DC
soh.% AC/DC current: ohms

etc. Brand new. booed.
E12.50 each POP f.2.50

SINE Er SQUARE WAVE
AUDIO GENERATOR

Type TE22
20HZ-200KHZ. Portable.

As new
Only E38.50 nach PAP E3

GENERAL PURPOSE OSCILLOSCOPE TECH TYPE TO -2
Single Imam. 81741OpprOff G X 7 x 9%in. Weight 7117s

Klein fur tre beginner or SChOOl u-ser
ONLY £49.50 each PA P13

COSSOR VDU WITH KEYBOARD
Complete 125 each

Phone Tor 4015114

BRANDENBURG HIGH VOLTAGE GENERATOR
Type 111150. Metered 0.50KV, 13-1411A. heuanse:

poeitho output.
ONLY E75 Carthage ED each

IKEGAMI 20" BLACK Et WHFTE MONITORS
Solid Slate. Vill-DS In. Int Is lot Sync. (75 each.

.-SEO.E STYLE CASI altract. Goo Motel a00 v,p twain.
Black chews APh troop up Marx! & ',Aber 10,1 Cantaring eau 6-
n:orescent snip 11,r.insiod R.305 0...cht mach. 2 peel 0off
knobs. wide snitch I If mown 3 cote mains ceblit_ erel fuse hoar..
mans pereOnmet sad PCB. (As Is TACHISTOSCOPE! id,. lot int
hem. construdet. 64.50 meth P&P t2.

MINIMUM ORDER OF GOODS £3. MINIMUM PACKAGING & POSTAGE £1.50. VAT al 15% MUST be added to TOTAL ol GOODS & PACKAGING, BUT
PLEASE ensure sufficient monios is sent to cover PACKAGING and Postage to avoid delays In us dispatching your ceder. CALLERS VERY WELCOME STRICTLY

BETWEEN gam-1pm and 2-5pm Monday to Saturday Inc. BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome.

CHILTMEAD LTD
NORWOOD ROAD, READING TELEPHONE NO. READING 669656

(2nd !wring lett past Reading Technical College in King's Rood then first right - lock on epht for door with "Spoked VTheel"1

MIGHTY NINETY PACKS
SUPER VALUE PACKS ALL AT 90p EACH

POSTAGE 15p PER PACK
BUY SIX PACKS AND GET A SEVENTH PACK FREE!

MN2. 203'1 St 1'. watt Res$stu, MN2) 75mb equ.prnent woo .1,:util
MN3. 1001 & 2..w.Alt Rnua.cArs allows and saes
M N4. 50 Ye/rewound Resistors MN31. 12 asstd. 111111flItt capacitors.
MN& 100 metal erode Readers 1'r rompiesbon Om, An -spaced sac
2% and 5% M N32. 15 30pF Beehive trunmen
MN& 12 osstd potentiontetem. MN33. 20 Coil formers. ceramic plastic.
MN7. 25 asstd skeleton preset Amin reed inlay etc

MP134. 26 11.1 glass reed switch
MNB, 50 asstd Elecvolync Capacitors MIN35. 10 asstd. switches. topple. slide.
MNS. 100 asstd Ceramic Capacitors micro etc
P1:, diSc, tub and manalythic etc. MN37. 10 instil audio connectors Don
MN10. 100 rooted C.9901018 Polyester. 0l2fX1 etc
Polystyrene. ,Metalkeed. Radial and Axial INIV38. 1 PCB with Mae COMMI IC dale
heflin . inn
MN11. 2aassul Silver Mica Capacnors, MIN39. 1 oscillator PCB loads of coin.MN12. 8 Tantalum Bead Capacitors portents (no date)uiutui witueg
MN13. 20 asstd. Transistors 8C. 224 MM40. 50 Polystyrene capacitors.
Sc-'ICS . Power etc. MN41 12 BC649C I Plastic 8 C1090
MN14. 40 1144148 Diodes Transistors'

M N16. 70 nun. ones tided Neons M N42. 10 BC107 Trentiotors
MN17. 2 12 -volt Relays Ea nearly new M N43. 10 BC 108 Tronstsears.
equip. MN44. 10 Screwfoi S.P.C.O. nun. slide
141111111. 3 Encapsulated Reed Relays. *witches
9-12v coil. d -pole and 1 -pole MN51. 10 x O.2 Red LE01.
NMI,. 2 24vall Relays Ex nearly now MN52 20 . 0.1 MFO 26V Ceramic disc
ciuip capacitors
M N20. 1 240-I 10 to 1 2 -volt. 100mo MN54 20.0.01 MFD 25V Ceiarnic disc
Transform*, capacitors
MN21. 1 240.110 to 24 -Volt 100ma MN56 1014 pin low profile IC skt. OIL
I ,annormer MN57 10 16 pin low proNe IC ski OIL
MN2Z. 8 .2" Led s with dies. 4 red. 2 MN58. 2xCA723 Voltage Regulator
yelInn. 2 green. MNS8 3 pIPMS al VeMoboatd. Useful
M N23. 300 assliscrews. nuts. sizes. Min total 26 sq inch
e.11,..NrS. self -tappers etc. MNI2. 10 a 0.125' Red LEDs.
MN24. 100 assul small sprtngs NNW. 60 mixed polyester caps. cao
MN27. 200 owns. grommets. spacers Siemens etc.
cable 0,1911411. Waste 'clews . sfee m no. Le MN64. 5 Press to make min. switches.
wraps etc. M N69 4 min push to bleak switch

MN71. I Z11414 Road IC.

CHORDGATE LTD.08,A
75 FARINGDON ROAD, SWINDON, WILTS

TEL: SWINDON (0793) 33877
RETAIL SHOP AT ABOVE ADDRESS SCHOOLS.COLLEUES.OFFICIAL ORDERS WELCOME

PLEASE QUOTE NO. OF PACKS WHEN ORDERING

1
II 111.11

"1-5 £65
THESE 3.51BEI PRONISNIM
ENIIMAST A NETEMBESEMATECI
TIM wax A SPECIFICATKIN
THREE ORS THE
WAMPUM' TO
T9E0162134 NOW
 GREEN SNEER FOR
I II) LitutAcTERS
 SEE.RBARII 9/4161Efna
 PRICER [NW /CRT
 ASO 61.153ET NO
4 ON SENA BMW
 1000(00 =mot.

1% %Int

' \ I 1 £80
1111111111116

-

* KEYBOARDS: 661N Hal
effect Erf eversion II bt
aid wrote 111.1weis My
key Nob. marred 13
gen mde.

ONLY50,,..a4,in,,,
 %DNB SLPHRS
sonind erns one 11N 0
vo., 0* 015 at 517srek
 lb a -112. zspip .24.
b -14, _30,15.0b.
.turs.n .s.. rorso la.

ONLY

..6 _ 333,2bno,

C21
4, mu A, dwal
to , .ii, bh. _ jib.
rot Iva.

ONLY £15

SECO40101110 [01111/1N1

SUPPUED IN BONING
ORDER BUT

UtiGUARANTEED

HARD COPY
R0390

PRINTER

ONLY £65
* ASCII CODED
3t VZ4 OR RS232

INTERFACE
it INDUSTRY

STANDARD
* PLAIN PAPER

110 BAND
These DATA DYNa.
MICS R033o printers.
have been MINI with
BRAND NEW coati
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ally only time usec
for a few hundred
hours1Rurining hours

dock fitted!

DISPLAYS AFTER PE MIND
EM111.1 10 HAVE A

VONALUD BY DISPLAYS At
PRCE. MADE BY AN EN51.191

All EXACTING SPEC BOW TO LAST
IS WORTH OUR PRICE
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Poi UNE 211 NO

LEVELS

1200 2400 MD
MORAL CURSOR CONTROL

C411 BE SIULDNEXED

CABRIAGt AND
MAWSON ASSOCIATES

FADING AT COST
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CALLIRS111.1E011E
BECKENHAM. KENT BRI1011 COVP11113G A110 MARSHA
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DIY BURGLAR ALARMS

ERE BACK!
Following major reorganisation we offer DIY Security Equipment

and kits with fully illustrated, step-by-step, instructions
PLUS Better Prices! Better Delivery! Better Service!

 Kits £32. £50, £75, £85 Control Panels £18, £23, £29, £37
 Bell Boxes f6.25, £7.50  Pressure Pads £1.06, £1.45, £1.95
 Sirens £7.50  Contacts 72p, 74p, 76p  4 Core Cable ODOM)

£8  Door Phones £49.42  Ultrasonics £34.50
AND MUCH MUCH MOREI

Send sae or 'phone for FREE illustrated catalogue
A D ELECTRONICS. 217 Werbreck Moor. Aintree. Uverpool, L9 OHU

Tel. 051 5238440  All prices include carriage  VAT extra

Trade Enquiries Welcome
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Brush Up 
On Repairs 
Electrocure 7, a revolutionary 
new conductive paint -on 

preparation for the repair of rear 
window demisters is the latest ad- 
dition to the Comma range of car 
care products. This silver -based, 
specially formulated, paint 
enables motorists to overcome the 
irritating problem of broken 
heating elements quickly and 
simply, eliminating need for 
replacement of expensive rear win- 
dows. Comma Electrocure 7, which 
retails for a recommended price of 
less than £5.00, can provide the 
motorist with substantial savings. 

Demister elements can be 
damaged easily by scratches from 
sharp objects, abrasive cleaners 
and stickers. With hatchback cars 
this is a common problem, but it 
can be overcome easily by using 
Electrocure 7. Because of its 

outstanding conductivity, it is also 
ideal for curing problems in a 
multitude of other low voltage 
electrical applications. These in- 
clude repair of radio antennae in- 
corporated onto front windscreens 
and making good broken connec- 
tions in printed circuit boards, in- 
struments, connectors and other 
items. 

Electrocure 7 allows a perma- 
nent repair which is highly - 
resistant to abrasion. It is also resis- 
tant to alkalis and hydrochloric 
acid and will not discolour when 
subjected to temperatures of up to 
300°C. It has been developed for 
use on non-solderable surfaces, in- 
cluding glass, plastics, acrylics and 
ceramics. The product is available 
in blister -packed glass bottles in- 
corporating applicator brushes; 
applications and directions for use 
are on the blister -pack header 
cards. Electrocure 7 is now 
available from garages, motor ac- 
cessory shops and other ap- 
propriate outlets. 

Ultrasonic Module 
The Autona US4012 Ultrasonic Module is a low cost stable module 
which is designed as the basis for an effective intruder alarm. The unit 

is designed to reduce false alarms to a minimum but still provide detec- 
tion at distances over 20 ft. It is flexible enough, however, to be used in 
counters and automatic door opening equipment, etc. Using CMOS cir- 
cuitry, the unit has a low quiescent consumption thus ensuring extended 
operation using battery back-up systems in the event of power failure. 
The unit will switch currents up to 100 mA and is small enough to be fitted 
into discreet enclosures, such as simulated books, wall decorations and 
the like. The unit is supplied with a comprehensive data sheet and is 
available at a cost of £12.59 (one off) including VAT, but add 50p for P&P. 
Order from: Riscomp Ltd, 21 Duke Street, Princes Risborough, Bucks 
HP17 OAT. 

ETI MARCH 1982 

Sinclair 
Scheme 
To help meet the need for more ZX81 educational software, Sinclair 

Research is sponsoring a special award scheme offering six ZX Printers 
as prizes for the best programs accepted into the MUSE software library 
by the end of March 1982. With over 100,000 ZX81s now sold and with 
sales to more than 2300 secondary schools under the company's recent 
subsidised purchase scheme, Sinclair is keen to support the development 
of educational software. "We have a very strong commitment to expan- 
ding computer applications in schools", commented Clive Sinclair, Chair- 
man of Sinclair Research. MUSE, the teachers' organisation for computer 
users in schools and the Educational ZX80181 Users Group (EZUG), are to 
administer the scheme and, in consultation with Sinclair, judge submis- 
sions in the following categories: primary maths and science; other 
primary; secondary maths, science and computing; other secondary and 
special education. Entries and inquiries should be sent to Eric Deeson, 
EZUG organiser, Highgate School, Birmingham B12 9DS. Closing date is 
February 27th, 1982. 

Blunder 
In last month's News Digest you 
may have noticed that the item 

entitled 'Miser's Meter' had the 
wrong picture with it! The meter in 
the pic was a digital one from 
Centemp and the item which 
should have gone with it appears in 
this issue. The real Miser's Meter is 
shown here and is available from 
Marco Trading, The Old School, 
Edstaston, Wem, Shropshire SY4 
5RJ for 10.50 plus £1.50 p&p. 

Hand-held MM 

The 
Model 3T from Centemp is a 

battery operated 31/2 digit 
hand-held digital multimeter with 
a 0.5" liquid crystal display. The 
meter provides six functions in 16 
ranges permitting measurement of 
DC voltages, AC voltages, DC cur- 
rent, resistance, Diodelcontinuous 
check and an HFE measurement 
facility. Push-button controls 
allow fast and easy operation while 
small size, robust construction and 
long battery life make the 3T a por- 
table unit. Supplied complete with 
battery, test leads and instruction 
manual for £49.95 including VAT. 
However, due to the mistake in 
printing the picture of this meter in 
last month's ETI, we have arranged 
a discount for our readers, so you 
can get this meter for £42.50 in- 
cluding VAT and p&p. All you have 
to do is cut out this news item and 
send it with your order. But if 
desecrating the mag brings tears to 
your eyes, just mention ETI! 
Orders to Centemp, 62 Curtis 
Road, Whitton, Hounslow, Mid- 
dlesex TW4 5PT. 



PROJECT 

LIGHT WAND 
A portable, battery -operated light has a thousand and one uses. 
Torches are fine, but their narrow beam limits their application. This 
project describes a highly practical, battery -operated fluorescent light 
which is highly efficient. Design by Jonathan Scott and Eric Mills. 
Development by Phil Walker. 

Fluorescent torches, fluorescent 
lights on buses and trains, and 
battery backed -up fluorescent 

'emergency lights have been with us for 
some time now. The original moti- 
vation for designing this particular 
circuit, however, was to produce the 
most light for the least weight. The 
design had to be compact, reliable, 
able to take a wide range of input 
voltages, but above all - be reliable. 

Our basic model - the 8 W one - 
uses parts which are readily obtained. 
We built a 4 W version similar to the 8 W 
one simply by using the smaller tube 
directly. This is physically nicer, but 
inherently less efficient. 

Neatness and care is important in 

this project, though construction is 

not difficult. 

Construction 
The first step is the most impor- 

tant and the most time consuming; 
winding T1. Ensure that you have 
adequate 26 swg, 32 swg and 40 swg 
wire; about 2 m of the first and 10 m 
each of the second and third will be 
required. Have a sharp blade, some 
ordinary clear sticky tape and about 
90 minutes on hand. 

Start with the secondary winding. 
Leaving about 3 cm of wire projecting, 
close wind the 32 swg wire on to the 
former; 150 turns is almost exactly 
4 layers. When the first layer is comp- 
lete, cut a strip of sticky tape the 
correct width and, without letting 
the turns unravel, insulate the layer with 
the tape. Repeat this procedure, layer 
by layer, until you have wound four 
layers. 

Terminate the winding to the pins 
shown in Fig. 1. Next wind on the 
secondary and the feedback windings. 
The 30 turn primary is about 11/2 layers 
and the feedback winding will go in 
the remaining 1/2 layer. Again terminate 

to the pins as shown in Fig. 1. Put a 

layer of tape over the windings. 
Now wind on the starter winding - 

150 turns of 40 swg. This is very fine 
and must be handled with care. The 
winding must be as even as possible to 
avoid flashover. If more than one 
layer is needed, insulate with tape 
between them. Also put a layer of tape 
over the top. Terminate this winding 
to the proper pins. 

Finally wind on the heater winding; 
10 turns of 32 swg. Insulate and term- 
inate. 

The specified core is a gapped one. 
It is rather fragile and should be handled 
with care and reverence. Fit the cores 
into the former and secure with the 
clips provided. Under no circum- 
stances should they be held tightly 
by the centre. 

Circuit Notes 
This converter circuit is actually 

much more complex in its operation 
than the circuit diagram appears! Hence. 
the long How It Works section. 
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D1 is a protection diode. It can be 
used in either of the two positions 
indicated and will protect the circuit 
from damage in the event of reversed 
polarity being applied. In position, it 
blocks any flow of current in the 
reversed polarity condition but drops 
about OV8 from the supply in normal 
operation. Where a car battery or 
rechargeable battery pack is used and 
efficiency is not at a premium, this 
is satisfactory. If, however, dry bat- 
teries are used or efficiency is at a 

premium, the supply can be connected 
to point A, but no polarity protection 
then operates. 

Capacitor Cl is the supply bypass 
capacitor. Due to the high speed 
switching transients present, this 
capacitor needs to be a tantalum type. 

Actual power consumption and 
apparent light output can vary from 
unit to unit. The amount of power 
delivered to the tube - and hence the 
power consumption overall - can be 
varied by adjusting R1 and R2. The 
values of 820 ohms and 22 ohms are 
given only as a guide. In order to have 
a current consumption of about 
250 mA, which seems to be the best 
compromise, as little as 560 ohms or 
as much as 1 k2 might be required for 
R1 and down to 2R2 for R2. Gener- 
ally, if the supply current exceeds 
400 mA, 12.1 should be increased and if 
starting is unreliable it should be dec- 
reased. 

One final note; Q1 appears to be 
very overrated, being a 40 W device 
which can carry many amps - much 
more than necessary. However, we have 
found that transistor dissipation goes 
up (and efficiency down) if a transistor 
of smaller rating is used. This seems to 
be because the beta falls if the knee 
current is exceeded and the transistor 
dissipates power during switching as a 

direct result. Thus, we recommend the 
use of a TIP31 rather than, say a BD139 
or Philips BDY50. 

Fig. 1 Circuit diagram for the Light Wand 
handheld fluorescent light. 

+VE 

-VE 

The next step is to assemble the 
PCB. The transformer should be 
inserted such that the secondary tags are 
nearest D2. 

. Initially it would be wise to connect 
the transformer to the board using short 
lengths of insulated wire until operation 
is verified. 

Connect the tube to the board as 

shown in the overlay. 
With some method of limiting 

current, such as a supply limiting at 
about 200-500 mA or a 22 ohm resis- 
tor in series with a 12 V supply, apply 
power. Now, one of three conditions 
will exist: 
1. No oscillation. If there is AC on the 

secondary, the device is oscillating. 
If you wish to check this without a 

multimeter, bridge the 1N4007 mom- 
entarily. Any flicker indicates 
oscillation. If there is none, reverse 
the phase of the feedback winding 
by swapping its wires. This should 
get you to condition (2) or (3). 

2. Oscillation; but tube glows dimly or 
only with the 1 N4007 bridged out. 
This means that the secondary sense 

is wrong. Swap both the primary 
and feedback wire pairs. This should 
get you to condition (3). 

3. It works. 
If necessary re -terminate the trans- 

former windings and solder it into the 
PCB. Check the power consumption 
next. If it is more than 400 mA, or the 
Fig. 2 Ti winding details. 

START FINISH 
1 2 PRIMARY 30 TURNS 26 SWG 
4 3 FEEDBACK 5 TURNS 32 SWG 

5 SECONDARY 150 TURNS 32 SWG 
5 6 HEATER 10 TURNS32SWG 
6 7 STARTER 150 TURNS 40 SWG 

FORMER - PIN VIEW 

BW OR 4W 
FLUORESCENT 
TUBE 

NOTE: 
01 IS TIP31 
D1 IS 1N5404 
02 IS 1N4007 
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PROJECT : Light Wand 

PARTS LIST 

Resistors (All 1/4W, 5%) 
R1 820R 
R2 22R 

Capacitors 
Cl 
C2 
C3 
D1 
D2 

47u 16 V tantalum 
150n 35 V tantalum 
10n polyester 
1N5404 
1N4007 or similar 1kV PIV diode 

T1 Neosid RM10 with 0.3 mm gap. 
F1 Fluorescent tube; TL8W (8 W) 
Wire, 32 swg (0.2 mm) and 26 swg (0.4 mm) 
enamelled wire; Perspex tube, 32 mm I.D., 
length to suit; Alligator clips. 

Fig. 3 Component overlay for the converter 
board, plus tube wiring details. 

+VE 

-V E 

o 

01 

The only out -of -the -ordinary component 
in this project is the Neosid pot core 
RM10. This can be obtained from Neosid 

Small Orders, PO Box 86, Welwyn Garden 
City, Herts AL7 1AS. The low -wattage 
tubes can be found in any lighting shop. 

transistor gets too hot to touch, increase 
R1 to 1k0 or 1k2. If the whole draws 
less than 200 mA or is dim, increase it 
to 680 or 560 ohms. 

If the lamp is still too dim, decrease 
R2 until it is satisfactory, while still not 
drawing excessive current or over- 
heating. 

The remaining construction is up 
to you, depending on how you have 
chosen to house the assembly. The 
following description pertains to our 
prototype. You will require a 400 mm 
length of acrylic tube; 32 mm I/D. It 
is available from any large perspex 
dealer (see Buylines). The end pieces 
and spacer inside the tube were made 
from polystyrene which is very easy to 
cut and provides support for the light 
tube. The ends are held in place and 
made waterproof with plastic tape. You 
may then fit a suitable connector on to 
the power cable - we built our device 
with alligator clips. A reflector may be 
formed by sliding some white paper 
behind the tube. 

HOW IT WORKS 
R1, R2, C2, C3, Q1 and 11 comprise a self - 
oscillating DC -DC converter. 

Initially, Q1 is turned off. At switch -on, 
current flows through R1, charging C2. Subse- 
quently C3 charges up via the five -turn feed- 
back winding and R2. When C3 reaches about 
0.55 volts, Q1 begins to conduct. The feed- 
back winding then forces more current into C3 
via R2 because of the phase of its connection. 
Q1 is then turned hard on. During this positive 
feedback cycle C2 is actually forced to 
discharge. R2 limits the maximum base cur- 
rent, and C3 removes fast spikes from the base 
circuit. These together serve to protect Q1's 
base. 

Eventually, the magnetic field induced 
by the collector current of Q1 in the primary 
ceases to increase and the positive feedback 
ceases. Q1 then begins to turn off and the 
magnetic field in the core begins to collapse. 
This produces a negative voltage across the 
feedback winding which biases Q1 hard off. 
Then the cycle repeats, R1 and C2 defining the 
frequency and the power delivered to the 
tube, since a constant amount of energy 
(equal to 12 max times L) is transferred to the 
load each cycle. 

The magnetic field collapsing in the core 
induces a very narrow high voltage spike in 
the secondary. When the unit is first turned 
on, the fluorescent tube will appear as an open 
circuit and a high positive potential will be 
present across it as a result of the secondary 

turn winding. Also, the negative (cathode) end 
of the tube is pulled negative by the starter 
winding. As these voltages add a very high 
potential exists from the anode to the external 
starter contact. This is enough to force some 
gas to ionize and the tube breaks down or 
'strikes'; This occurs for a few cycles until the 
101/2 turn winding heats the cathode filament 
and the tube conducts completely. 

Once started, the increased temperature 
and traces of unrecombined gas permit it to 
conduct quickly each cycle and the tube no 
longer relies on the earth electrode for 
breakdown. Once this condition is reached 
the secondary voltage is held low by the tube 
conducting, the inductance of the core and 
secondary limiting the current, as in a conven- 
tional 240 V ballast. Diode D2 prevents any 
conduction in the reverse phase which would 
upset the magnetic field buildup. If a high 
voltage is applied to the circuit and D2 is ab- 
sent AC can flow in the tube and efficiency 
falls markedly. Hence the circuit in its correct 
mode acts in a magnetic pumping fashion 
rather than a pure transformer action. While 
the cathode is heated, tube life is reduced by 
the fact that the DC flow of current eventually 
strips the cathode. Theoretically, when the 
cathode is stripped to the point of failure the 
tube should be able to be physically reversed, 
since the anode end filament will not have 
been used at all. The tube does however have 
quite a long life. 

ETI 
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SC110 FULLY PORTABLE OSCILLOSCOPE
the rlev. 1701,1,. SC 1 10 represents a breakthrough in n5ci1105CupP duveloornen1 The
Full-sized performance SC 1 10 is loss than 2" thick and weighs
 10MHz bandwidth undo, 71b . V171 .1 felons the slender('

I Om? par my sensdrinly features of a bench osciloscope
fuel 10.935r 10C1llt.40 4305 0111111411.
.ntlud.n9 broghtlone and dub)

.

with TV tine and frame Misting
 Runs on orthmtry HP I I deur!

batteries
Optional Extras' AC Adapter £5.69.
Rechargeable Batteries (19.63. X1
mot* 01.06, X10 wow 0.20. XI r X10
switched probe 010.90, Cony case
MSC

 All genuine Thander accesionss.
All prices include V.A.T. Official orders welcome. Mail order only. or callers by
prior appointment, HarclaycarrNACtess welcome. cosh/cheque, etc., with orderlarge s.a.o for complete Thandar

I st Government and Educational Estab-
lishments official orders welcome.

B.K. ELECTRONICS VISA

37 Whitehouse Moodaws, Eastwood. Lalah.on.Ss, Ewe*. 559 STY
Tot. Southend 527077

Aik

VERY LOW DISTORTION
AUDIO SIGNAL
GENERATORS. (.002%)
(Battery operated)
Model AO 149a
£41.50 (p.p. £2.25)

017.1 17370013

14613 12.1 maim
150.0 144110 Fred meow
113A .02% Milan On
113X KM vermin
Mans V11,37415 wobble.
S.A E rot lull Ws Of Move des NW*" Getweesi Mt,
vonmetrrs. P F.S.a Gen. DrOotbon Anstursr. F1,11011,C4
Vases Mull. Mullett tic

[35.95
7576.93 (11,.451

45
m2s
Cn.

TELERADIO ELECTRONICS,
325, Fore St., London N9 OPE.

01-8073719. Closed Thursdays.

NICKEL CADMIUM BATTERIES
AA MP 71
0 5AHr

SUB 'C'
1 .2Aalr

'C' (atart I
1 45AHr

C' MPH)
2.0AHr

'0' IHP21
4.0AHr

PPE
(LIMN

1-24 [0.85 (1.59 02.25 02.97 03.79
25-49 C0.79 (1,29 C1.50 02.10 C2.77
50-99 C0.66 C1.15 Cl 62 C2.02 C2.67
100 up C0.69 01.05 (1.41 C1.67 C2.47

Al °MN ere Ofestd new her spec devlbes horn reputable wilts. All Nid6s1 C./dr/R.0n COBS I44P1
PP3 1 .4 supplied complete with soHer tags and are 'VENTED' devices irritator 331 4314h/09*

CHARGERS - sing* or dual OM to charge PP3. AA or SUB 'C' 11.09 er 12-14 hrs (chargers wit
cr..irge C' and 'D' cells but with longer charging timer Units supplied complete in plug top ca..
redt frying bade. Number 01 0008 110 Ms) ,n *goof Ind TIOe TIM be soeselit4 Ia each re-
wired OM when ordering

SINGLE 0/P CHARGER 05.04
DUAL 0/P CHARGER £5.72

TRANSFORMERS - at used in chargers. 2
connections (1.57 each

Doll and dWrging circuits 4ree wnh
orders over C10 orherwite 30p post
P&P 10% it order less than CIO. 9%11
order over C10 Prices DO nor
INCLUDE VAT ard this should be added
to the total order.

12 0010 0.25 amp secondary' 2404 pOnaly, tau

Cheques. P.O.'s Mall Order to -

SOLID STATE SECURITY,
Dept. (ETU Bradshaw Lane.

Parbold, Wigan. Lancs.
Telephone 02576-3018.
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PRIZE CROSSWORD WIN £50

FIRST PRIZE £50

SECOND PRIZE £10

THIRD PRIZE £5

ACROSS

1. Slow Sam got a little mixed up for his
pickup preference. (3,4)

4. A small part on display. (7)
9. Flexible motive force. (5, 4)

10. After the attack the rot sets in. (5)
12. All fingers and thumbs, well, just one

maybe. (5)
14. Be curt, rearrange, ready to start

again. (5)
16. Deny phonetic Romeo his garden

entrance. (3,4)
18. It's only an ion away from audio

impairment. (7)
20. allows access. (3)
22. A zero beginning and end to P.T. (4)
23. Mixed alternative to cans, used in slow

T.V. (4)
25. A short burst of mains borne

interference. (3)
28. Unknown, even to Elvis. (7)
30. The low -bred dog pays landlord to

keep things flowing. (7)
31. For soldering term; oppose N.E., and

consume. (5)
33. Unidirectional coherent radiation. (5)
34. Hesitant alternative needs correction. (5)
35. Passive reformer ends AC's tricks. (9)
36. You'll stop scratching if you begin with

`E'. (7)
37. Brief Public Relations for myself and

Miss Poppins. (7)

Here's Crossword No. 2, cunningly
designed to stretch your brains and
your dictionary. Preliminary results
of our survey in the January issue
show that about half of you love
crossword puzzles, half don't. So to
try and please most of the people most
of the time we'll be running this
feature every other month.

Now to our lucky winners. On
the closing day for Crossword No. 1
we put all the entries into our
sophisticated randomising device
(a well -shaken cardboard box) and
drew out the following names:

FIRST PRIZE: James L Watson, Fife
SECOND PRIZE: PW Smith, Cheshire
THIRD PRIZE: J Merchant, S. Queensferry

CONGRATULATIONS!

DOWN

2. DMM you alter and make unclear, after
removing zero.

3. A good turning point. (7)
5. Was removed by mechanical efforts. (7)
6. Usually precedes the car, also drives. (5)
7. Geometrically neat wire formation. (7)
8. A positive move to male gallery. (7)
II. Likes good vibrations. (9)

13. 10 to 9 for high numbers. (4)
15. Lower cash means nothing displayed.

(4,5)
17. Singular denial, initially diode clement. (5)
19. Unsound for submarines. (5)
20. Wander about, and remember by forgetting

the article. (3)
21. Medium scale integration. (3)
24. Guide wearing more than one hat to catch

the sun. (7)
26. Lateral compensation. (4)
27. A charge kept in this way until required (7)
29. Ridiculous fraud by part-titnc conductor (7)
30. R F transporter. (7)
32. Liberty held , portable energy. (5)
34. A quick P in Rome mixes well for versatile

LAST MONTH'S SOLUTION
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ONE STOP SHOPPING
No need to waste your time and money searching for components.
No need for unfinished projects because you are unable to obtain that last
component.
We stock complete sets of parts for FTI projects - leaving you to concentrate
on the electronics and construction.

3 WAYS TO BUY:
FULL KITS - include printed circuit board, all components, hardware, IC
sockets, case etc. (Not batteries).
LESS CASE - as above but less the case.
PCB t PCB MOUNTED COMPONENTS - PCB plus all the parts which
are mounted on the board - plus leds, potentiometers + off board semi-
conductors. FULL LESS

KIT CASE
1 CHING COMPUTER Feb82, less book E32.83 E24 20
HIGH QUALITY PHONO AMPLIFIERS Feb82
moving coil stage 16.76
MOVING MAGNET STAGE 17.68
PEST CONTROL Feb 82 6 77
INFANT GUARD Jon 82 6-39
PARKING METER TIMER Jan 82 8.99
GUITAR TUNER Jan 82 28.98 26.27
ALCOHOMETER Dec 81 £26.49 £22 99
COMPONENT TESTER Dec 81
BODYWORK CHECKER Dec 81

£7.98
16.88

E6.17
(4 59

MUSIC PROCESSOR Nov 81 49.98 36.98

PHONE BELL SHIFTER Nov 81 19.35 13.61

VOICE OVER UNIT Nov 81 27.62 21 22

CAR ALARM Nov 81 17.98 14.45

ENLARGER TIMER Oct 81 26.59 21.85
SOUND BENDER Oct 81
MICROPOWER THaR MAL ALARM Oct 81 . -

20.76 15.76
9.88

MICROPOWER PENDULUM Oct 81 5.50
LAB PSU Sept 81 37.98
WATCHDOG SECURITY ALARM Aug 81 43.33 35.83
RECHARGEABLE BATTERY 19.98
HEARTBEAT MONITOR Aug 81 26.26 21.65
HANDCLAP SYNTHESISER Aug 81 29.98 23.58
FLASH SEQUENCER Aug 81. Less flash sockets. 35.65 29.25
SMART BATTERY CHARGER July 81
WAH PHASE Juno 81. Less pedal

31.98 25.98
13.44

LED JEWELLERY June 81 Cross 2.47
Spiral 7.20

Star 9.41

PCB
PLUS

18.98

31.84
8.32
15.32
12.80
9.98

11.77

ALIEN ATTACK Jan 81 19.76 16.47 12.83
MINI DRILL SPEED CONTROLLER June81 25.13 21.13 12.60
DIGITAL CLOCK May 81 Iround leds) 43.97
GUITAR NOTE EXPANDER-ETI April81 16.47 11.25 6.44
DRUM MACHINE April81 59.98 46.94 35.38
MUSICAL BOX April81 12.54
ENGINEERS STETHOSCOPE Mar 81 19.19 14.92 11.10
SOUND PRESSURE LEVEL METER Feb 81 39.98 32.98
INFRA RED ALARM Feb 81 54.98 46.12 35.38
MULTI.OPTION SIREN Jan 81 26-91 21.63 15.25
4 INPUT MIXER Dec 80 19.77 15.71 11.98
MUSICAL DOORBEL Dec 80 11.61 10.61 9.39
AUDIO TEST OSCILLATOR Nov 80 18.30
RIAA PRE A MP 'stereo) Nov 80 6.83
METRONOME Nov 80 5.98
SUSTAINiFUZZ BOX Oct 80 24.99 21.49 18.72
CASSETTE INTERFACE Oct 80 11.57
ULTRASONIC BURGLAR ALARM Aug80 26.82 22.98 17.62
CAPACITANCE METER Aug 80 20.26 16.46 8.21
CMOS LOGIC TESTER Aug80 10.97
SIGNAL TRACER Mor 80 11.98
TUNING FORK Feb 80 13.48
CLICK ELIMINATOR April 79 61.55 46.57
GUITAR EFFECTS UNIT Apri179 14.78 10.97 6.41
COMPLEX SOUND GENERATOR Oct 78 21.97

THIS MONTHS PROJECTS
WRITE ISAEI OR PHONE

FOR PRICES
It you do not have the issue 01 E.T I
which includes the project you will
need to order the 'instruction repurc

as an extra - 45p each
Reprints available separately 45p

each  pktpeop

GUITAR TUNER
Full kit as described in Jan
82. Includes case, pcbs

and meter etc £28.98
All parts available

separately

MAGENTA ELECTRONICS LTD.
22.40 ET10, 135 HUNTER STREET, BURTON ON -TRENT, STAFFS, 0E14 2ST

0283-65435.9.5 MONTRI. MAIL ORDER ONLY
19.98

13.80
18.44
21.25

9.84
9.14

ALL PRICES INCLUDE VAT
ADD 40p P&P TO ALL ORDERS 1111',

S.A.E. WITH ALL ENQUIRIES PLEASE !II "J

Irish Republic Et 8.F.P.O. Europe de-
duct 10% from prices shown. Payment
roust Eis in sterling.

tl

Access and Barclaycard Wise,
ncoepted by phone er post.

orders

ELECTRO SUPPLIES

FLOPPY DISC DRIVES

Drico 7200 Dble. Sided 8" Drives (New)
P.&P. E4
National Disc Drive Board BLC 8201
(New) P.&P.
National CPU Board BCL 8010 (New)
uses 8080A CPU P.&P. £1

£200

£160

£120
15" VDU High Resolution Green Phosphor (New)
30 VAC/TTL Sync. I /P P.&P. £5 £50

These Units are in Open Chassis Form

FARNELL POWER SUPPLIES (ALL NEW)

G6 -10S (5V 10A Switched Mode)
FT15/1 (15-0-15V 1A)
G24 -1-4M (24V 1.4A Switched Mode)

Each item P.&P. f'2

ALL ITEMS INCLUSIVE OF VAT.

MAIL ORDER DEPT.
(Callers please phone first)

BOWNESS MILL, SHAWCLOUGH RD,
WATERFOOT, ROSSENDALE, LANCS.

TEL: ROSENDALE 215556

£60
£35
£40

RETAIL SHOP
(Open 6 days)
6A TODD ST

MANCHESTER
(next to Victoria Stni
TEL: 061-834 1185

Contacts from
Vibration Detectors from
Self Adhesive Foil from
Passive Infra -Red Detectors from
Microwaves from
Non-B.S. Control Panels from
B.S. Control Panels from
Also Sirens, Electronic Sounders, Bells, Bell Boxes, etc.
Please send £1 for catalogue - refunded on all orders over E10.00
All prices are subject to 15% VAT plus 10% for post and

SECURITY ALARM SUPPLIES
Pressure Mats from 11.00

f0.69
£5.79
£2.81

E55.86
E66.50
130.12
£54.10

packing. STRATHAND LTD
44 ST. ANDREW'S SQUARE

BARCLAYCARDS GLASGOW G1 5PL

i=111 TEL 041552 6731
TELEX: 777268

CALLERS WELCOME

It'd easy
to complain

about
advertisements.

The Advertising Standards Authority.
Ff an advertisement is wrong.we're here to put it right.

ASA Ltd. Brook House. Torrington Place Londcri WCIE 7HN
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FEATURE 

THE HP11C 
The lovelorn Peter Green meets up with the calculator of his dreams 

this month. Hewlett-Packard rule OK. 

USER ; 

C D 
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TA -é' 

My relationship with Hewlett-Packard calculators has 
always been one of unrequited love; after all they're 
the Rolls-Royces of the calculator world. They first 

stole my heart back in late 1974, when I was at Glasgow Univer- 
sity and began reading Scientific American regularly. Every 
month HP would take a two -page adyert and I'd sit drooling 
over the magazine as yet another model appeared, each more 
advanced than the last. Back in London during the vacation, I 

wandered down Oxford Street and stared pititfully for hours 
through the window of a shop which had rows of Hewlett- 
Packards hiding behind massive price -tags. The harsh realities of 
economics and the student grant drove me into a nearby chain - 
store chemist where I coughed up for a Sinclair Scientific, a 
good workhorse but nothing like an HP thouroughbred. (Three 
weeks later Uncle Clive knocked £10 off the price and I've never 
forgiven him). Now I could at least solve problems, but still I 

dreamed .. . 

HP Source 
Some time later, my astronomy course took me to the 

University Observatory for lectures and practicals, where I 

made the ecstatic discovery that the department had bought an 
HP programmable desktop model as a research tool. This 
'calculator' was about the size and shape of a portable electric 
typewriter, and was just loaded with scientific functions. It may 
not have belonged to me, but at least I had finally got my hands 
on a calculator worthy of the name. Nevertheless I turned green 
with envy the day our lecturer mentioned ,that the Hewlett- 
Packard sales rep had shown him a pocket calculator with all 
the functions of the desk model; Was I forever doomed to seek 
companionship above my station? 

Eventually the university got wise to the fact that academic 
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life wasn't my strong point; so a full-time job in the real world of- 
fered the possibility of finally owning my own HP. But with no 
need to solve complex scientific problems any more, the harsh 
realities of economics dictated that I couldn't buy what would 
amount to an expensive plaything. That's how things have re- 
mained ever since. When the editor of Hobby Electronics said 
he didn't have time to review the HP -11 C and would I like it for 
ETI?... I cleared my desk in a single bound. 

Two Of A Kind 
The calculator in question is the scientific half of the latest 

double -act from Hewlett-Packard, the other being the HP -12C 
financial and business version. What does the latest object of 
my desires have to offer? To start with, the HP -11C features 
Hewlett-Packard's usual superb styling. Although many readers 
of this magazine may only be aware of HP through their 
calculators, these form only one branch of the companies' pro- 
ducts. Hewlett-Packard are one of the largest data acquisition, 
processing and instrumentation manufacturers in the USA and 
their experience shows. The case is moulded in black crinkle - 
finish plastic with brushed chrome trim and four small rubber 
feet grip even the most polished table -top. The keyboard 
follows the HP tradition of being, quite simply, the best in the 
world. 

These two new calculators break away from HP's previous 
keyboard format; instead of being tall and slender, they are 
short and wide. Although it would probably upset you if this 
happened to your girlfriend, it works very well here and leads to 
an elegant layout. The shape of the keys has also been changed - for the better - and the legends will never wear off because 
they're moulded all the way through. There is a positive click on 
each key so you feel the connection, and the degree of stiffness 
is just right - this keyboard is a pleasure to use. 
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Fig. 1 For any arithmetic function, the 
numbers are always positioned in the 
stack in their natural order first. The 

function is then 
executed and the 

stack drops. 

98 

15 
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Looking Good 
It's a joy to look at, too; each key has three functions coded 

white, blue and gold (actually a sort of pale tan). Against the 
black background the labelling stands out clearly and unam- 
biguously as well as presenting an attractive appearance. Two 
'shift' keys, f and g, select the alternative functions. The display 
is a 10 digit LCD type - not centrally placed and looking the 
better for it - and contains several smaller annunciators which 
provide user information. When the calculator is running a pro- 
gram, segments light up to flash- the word "running" in the 
display; "Error" will appear if a mistake is made. 

In the past I haven't been too keen on LCD displays 
because of their slow response times; I've played with several 
cheap calculators which could give wrong answers if keys were 
pressed faster than the display could follow. Some fast f inger- 
work on the HP -11C showed it to be relatively immune to this 
kind of thing. Of course an LCD display also means lower power 
consumption so the whole calculator runs on just three button 
cells, which should last up to a year. 

Enter The Functions 
The HP -11C has so comprehensive a range of functions that 

it might be easier to list what's not available, rather than what is. 

(The manual is thicker than the calculator). The most obvious 
omission from the keypad is the "equals" key - instead there is 

a large button marked ENTER. Yes, the HP -11C uses Reverse 
Polish Notation in which two numbers are entered and then the 
operator, which acts immediately to give the answer. Hewlett- 
Packard have always adopted RPN logic in their calculators, as 
indeed did my Sinclair Scientific. I never really liked RPN on the 
Sinclair because it used a single accumulator and intermediate 
results in a long calculation had to be written down or they were 
lost. HP overcome this problem by using an automatic stack 
with four registers (X, Y, Z, and T). As you work from left to right 
through a calculation, intermediate results get pushed up the 
stack and brought down again automatically as required. Stack 
manipulations such as roll up, roll down and X exchange Y may 
be performed without loss of values, but pushing the stack 
when it is full causes the contents of the T register to be lost. If 
the four level stack is inadequate (unlikely), you can also store 
intermediate results in one of the 21 memories and recall it 
when it is needed. 

As well as the four arithmetic keys there's a full range of 
scientific functions including normal and hyperbolic 
trigonometrical functions and their inverses, squares and roots, 

reciprocals, logs (base 10 and base e), ex, 10x, yx, percentages, 
polar -rectangular coordinate conversion and vice versa, a Tr key, 
permutations and combinations. One -number functions act on 
the value in the X register, two -number functions use the X and Y 
registers. Although people used to algebraic calculators may be 
a little wary of RPN, in practice it quickly becomes a natural 
way of working. 

Statistically Speaking 
A generous helping of statistics functions are also provid- 

ed. Six of the data memories are automatically used as ac- 
cumulators for the E + and E - functions, which act on the 
values in the X and Y registers. The following statistics are ac- 
cumulated: n (number of data points),Ex,Ex2,Ey,Ey2 andExy. 
Once all the data has been entered functions such as mean, 
standard deviation, and linear regression (fitting the best straight 
line to the data pairs) can be calculated using the accumulated 
data. 

A pseudo -random number generator is provided for use in 
games programs and the like. 

On Display 
A bonus of the HP -11C is that the user can choose the 

display format to suit his purpose; there are three possibilities. 
Fixed decimal, which displays numbers using a fixed decimal 

with no exponents (eg 123,456). The user may specify how many 
decimal places the display is rounded to. If a displayed number 
is too large or too small for fixed decimal, scientific notation is 

automatically selected. 
Scientific notation represents a number as a mantissa (max- 

imum of six decimal places) followed by a two -digit exponent. 
The decimal point is always after the first digit (eg 1.2346 05). 

Engineering notation is the same as scientific notation ex- 
cept that all exponents are in multiples of three (with a cor- 
responding shift in the decimal point if necessary, eg 123.46 03). 

Rounding may occur in the display, but all numbers are 
held internally to 10 digit accuracy. The user may also choose 
whether angles are to be entered in degrees, radians or grads, 
and the form of the radix mark and digit separators (ie commas 
and decimal points are swapped for our continental friends). 

Programmability 
Entering a program into the HP -11C means nothing more 

than causing it to remember a sequence of keystrokes which 
will solve a particular problem. While this doesn't sound par- 
ticularly exciting it is a very powerful tool, especially when use is 

made of the special programming aids incorporated into the 
device. Since the stack responds to instructions in a running pro- 
gram in exactly the same way as it does to an identical set of in- 
structions from the keyboard, no programming experience at all 
is required. If you can use the calculator, you can write pro- 
grams for it. 

The simplest type of program will allow you to repeat the 
same calculation using different starting values with only one 
keystroke instead of many; to draw a graph for example. 
However, a great deal more can be accomplished using the pro- 
gramming aids. Fifteen program labels are available, soup to 15 
different programs or subroutines can be used simultaneously. 
Eight conditional test and two flags will allow branching and 
looping. Subroutines may be nested up to four levels. An index 
register enables indirect addressing to be used. Run/Stop allows 
data input during program execution. Who needs BASIC? 

The normal allocation of memory is 21 data storage 
registers and 63 lines of program space; one line will store one 
instruction, regardless of whether one, two or three keystrokes 
are required to generate it. If you key in a 64th instruction once 
the 63 lines are full, the calculator automatically re -allocates 
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Fig. 2 How program memory 
'borrows' storage registers to 
accommodate extra instructions, seven at a time. 
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the last storage register to seven more program lines. The 
memory configuration is now 70 lines of program memory and 
20 registers. Keying in a 71st instruction reallocates the next 
storage register and so on, until finally there are 203 program 
lines and only one data storage register(the index register, which 
cannot be converted in this way). Registers which have been re- 
allocated as program storage are not available for data storage 
and when converted back (by deleting a program) any values 
previously stored in them are lost. 

Keycoding Made Easy 
When programming, the display will indicate the current 

line number and the 'keycodes' for the instruction stored there. 
Each element in a keycode consists of two digits describing the 
row/column position of the key on the keypad (except for 
numeric keys, which are represented by a single digit). So 
003-43,22,25 indicates that line 3 contains the instruction 
'hyptan -1' (since g is rOW 4, column 2, hyp _t 

is row 2, column 2, 
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Fig. 3 The numeric keys (inside dotted line) have single digit keystrokes. 

and tan is row 2, column 5). With this in mind, and using the 
GOTO, single step, back step and delete keys, editing is quite 
easy. Extra program lines may be inserted anywhere, with all the 
following lines moving up in memory automatically. 

To show how easy (and powerful)the HP -11C programming 
is, the manual gives several complete applications programs in- 
cluding matrix algebra, Newton's method (solution to f(x) = 0), 
curve fitting, chi-square evaluation and submarine hunt(a game 
I found quite absorbing while commuting!) A further chapter 
gives hints on programming techniques. 

Good Memory 
Since there is no facility for storing programs on cassette, 

you may wonder what happens to your laboriously -entered pro- 
gram when the calculator is switched off. The astounding 
answer is - nothing! The HP -11C features 'Continuous 
Memory' and the following are retained in the calculator when 
it is switched off: all of the numeric data; all programs stored; 
display mode and settings; flag settings; position of calculator in 
program memory; any pending subroutine returns and trig 
mode. If that isn't impressive enough, Continuous Memory is 

maintained for a short while even while you're changing the bat- 
teries! Gosh, and other expressions of amazement. To top it all, 
the HP -11C will conduct self -tests of the keyboard and internal 
circuits without affecting data and programs in memory. 

Teaching Tool 
Apart from the fact that it's a beautiful piece of engineering 

and a powerful tool for the scientist, engineer and mathemati- 
cian, there is another reason why I enthuse. Recall the desktop 
model in Glasgow University Observatory? It too had keystroke 
programming, plus the ability to store the 1000 -odd steps on 
magnetic cards, and a printer. However, the department heavy 
work was done on a time-sharing mainframe in Edinburgh via a 
teleprinter, modem and a telephone, and I hated it. The 
language made no sense to me and I couldn't write programs 
for it; it all seemed incomprehensible and put me off computers 
for years (I only learned how to write BASIC a year ago). 

Yet at the same time I was programming, if only I'd known 
it, on the Hewlett-Packard. I didn't realise that I was getting 
groundwork in techniques such as branching, looping, 
subroutines, I/O control, subroutine nesting and structured pro- 
gramming. And it was all so easy! So if you're baffled by BASIC, 
frightened by FORTRAN, or not yet ready to commit yourself to 
a computer you don't know how to operate - go and buy an 
HP -11C. At around £93 including VAT it's cheaper than a 
microcomputer; it's unnoticeable under your jacket (when did 
you last try to get a PET in your pocket?); and after a couple of 
evenings you'll be using it with confidence. 

Is my unrequited love affair with Hewlett-Packard finally 
fulfilled? Not really, because the company want the calculator 
back. Life can be so cruel :. 
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SPECIAL PRICE

TRANSFORMERS

EUROPEAN
ADAPTORS

NAMAL AssociA
No. 1 CLAYGATE ROAD, CAMBRIDGE C

Tel. 0223 248257 TLX 817445
1 4JZ

COMPUTER LC.s
2144-450 .99
2114-200LP .99
2532 4.10
2708 1.80
2716 1.95
2732 4.10
4116-150 .96
4116-200 .95
6116 8.00
5516 8.00
6800 3.25
6802 4.25
6809 8.75
6810 1.30
6821 1.70
6845 9,75
6850 1.60
8080A 2.20
8085A 6.50
8224 2.20
8228 4
8256 3.90
Z80 CPU 3.75

ACPU 4.85
2130 P10 3.80
280 AP10 4.00
Z80 CTC 3.60
Z80 ACTC 4.78
280 AS10 12.00

74LS SERIES
00
0104
05
08-13
14
15-22
26
27
28
30
32

.12

.12
14

.12

.42

.12

.16

.12

.16

.12
.14

33
37
38
40
42
47
48
49
51
54
55
73
74
75
76
78
83
85
86
90
91
92
93
95
109
112
113
114
122
123
124
125
126
132
136
138
145
148
151

153
154
156
156

.16

.15

.15

.12

.35
40

.65

.60

.12

.14

.12

.21

.16

.25

.20

.20

.45

.70

.15

.30

.78

.35

.35

.44

.22
.22
.22
.22
.40
.42
.99
.26
.26
.48
.25
.36
.76

1.08
.30
.30
.80
.45
.38

157
168
160
161
162
163
164
166
173
174
176
181
190
191
192
193
194
195
196
197
221
240
241
242
244
245
247
248
249
257
259
261
273
290
373
374
377
378
390
393
445
541
670

.32

.32

.40

.40

.40

.40

.48

.32

.70

.48

.58
1.45

.57

.57

.65

.47

.40

.40

.65
.65
.65
.98

1.10
.80
.68

1.10
.37
.68
.68
.52

1.00
3.00

.78

.56

.75
.75
.90
.70
.62
.55

1,40
1.30
1.70

VOLTAGE REGU:
78056V - .48
7812 12V + .48
7812 15V f- .48
7824 24V + .50
7905 5V + .68
7912 12V .58
7915 15V .58
7924 24V - .58

Crystals
32.768kHz .98
100MHz 3.00
2000MHz 2.82
2,682MHz 3.25
3,276MHz 1.00
3,679MHz 1.00
3,932MHz 1.00
4,000MHZ 1.58
4,194MHz 1.85
4,433MHz .85
5,000MHz 1.85
5,120MHz 1.08
6,000MHz 1.95
6,144MHz 1.25
6,400MHz 1.50
10,0000MHz 1.50

Linear I.Cs
LM323K 4.18
LM324 .30
LM325 1.88
watts 1.25
LN1327 1.43
LhA329 2.10
LM3342 1.00
LM3362 1.25
LM337K 3A0
LM337P 1.00
LM338K 4.75
LM339 .40
LM342P 18.50

_1 M341P 15.50

MARCO TRADING
Over 10 million registers in stock!!

tiLV 5% Carbon film - 554 million %INS% Carbon Fdm -- 5mdlim
Full rsvo of voloos

)4W - £3 per 1,000 15W - £3.50 pot 1,000
DEVELOPMENT PACKS: These famous resistor pease sre now available in two alas:
Carbon Phis 5% faSiS1011. vary value Indivilualy packed in a clearly labelled bag. 10 of cony
value in the E24 range between the values stated

Wan Pads:100nm to 1 Meg 1610 reastora)
Wan Pack: 10 onus to 2M21650 resitnorP

MULTIMETER SPECIAL Russian type U4324 iAdvenised
enonvhere in this madonna for Oval C15.00 alum ,acentivi,

c. Volege: 0.60.2.3. 12.30.60, 120. 600. 1200.
a.c. Voltage:3.6. 15. 60. 150,300, 600, 900.
SC. intensity .1%61: 0 06, 0.6. 6. 60. 603, 3000.
S.C. inlentrty nVe: 03. 3. 30, 300.3030.
dc. retistarya: 0.2. 5, 50, 500. 51300. kOhm.
go loon dB: - 10 to 12.

FANTASTIC E12.00 Including P.P and VAT

C5.00 per pack  VAT
£6.00 par pack  VAT

i IV  -
British made transformers at vary attractive prices.
Primary Secondary Comet 1. 10.
240r 4.5-0.4.5v 400nu'a 150p asp
340, 6 0.6v 100mle Sep 152p
240r. 6.0.6v SCOW/. 85p 150p
240r, 9.0.9v 200nn'a 715p 70p

100.
311p
43p
48p
Sep

Manufacturer' note: We can woof,' FROM STOCK, 1C00 
quanntles of the above uandormore and adaptor' betCnv

These very high quality ClrhIsh made two pin European adaptors
are deal for driving Radios, caseate recorders. TV games.
calculators enc. The adapters fit the UK shaver socket.

REF. D.C. Voltage CranviM 10. 100.
COB 4.5V 200grry

keg)
450 32p

EM3 GV 200 .'a py

E09 6V 400mry C1.51) (1.25 86Sp

ET4 9V 150rry" E1.50 C1.25 85p

Please note that thine is no extra PIP chops on the Mare
trarylormers 6 adaptors.
Export plane add Simian mar at cost.
Callers welcome MonFrl 9.5.

The when is only a tratoon of or tyros. said 259 kr our latest cartdocher. NW* odd 35p
to all order'. (Free over 15.00) Add 15% VAT to Iotal. Send orders to:

Dept. ETI, MARCO TRADING,
The Old School, Edstaston, WEM, Shropshire SY4 5RJ.

StntoCial Othir Tan Equipment Catalogue avetabla upon rAquaLl. Send SAE. or Telephone.

AN untays hipa men:4 by return al mail Tel: (094872) 464/465.

LM348 .60
L M350 3.80
LM3524N 2.75
LW% .40
LM372 .60
LM543 2.60
LM555 .40
LM565 .90
LM567 .85
LM703 .30
LM796 .66
LM723 .45
LM726 6.75
LM733 .70
LM741 .20
LM747 .40
LM760 2.60
MC1314 3.00
MC1405 5.75
MC14512 .60
MC14515 1.00
MC14516 .68
MC14526 ..68
MC14528 .68
MC14543 .80
MC14553 2.50
MC14555 .40
MC1461G 1.09
MC1494L 4.25
MC1489P .57

IC SOCKETS
8 PIN .08
14 PIN .09
16 PIN .10
18 PIN .14
20 PIN .15
22 PIN .18
24 PIN .20
28 PIN .26
40 PIN .30

BUY 1OPCS ft SAVE MONEY

SPECIAL OFFERS

2708
2716-5V +
2532
2732
6116P-3
5516
2114-200 LP
4116-150
6809
6800
6821
LM323K

£17.00
£19.00
£40.00
£40.00
£60.00
£80.00
£9.50
£9.50

£80.00
£30.00
£16.00
£32.00

WE GUARANTEE FACTORY PRIME PARTS
In depth stocks. Competitive prices. Government and
colleges orders welcome. Please inquire for special
prices for quantity orders. Please add P&P £1 Et VAT.
Minimum Order £10. Access orders welcome.

MR

Lost in the Hifi Jungle?

Dual

Phone Wilmslow 526213

for an expert guide to the
territories of:

7 l ilsug,r) ODPIONEEJR°

AIWA HITACHI OPTONICA
Plus

ARISTON  ACOUSTIC RESEARCH  P & \sv  055  CELESTION
GRAOO  HITACHI  JR  KEF  M -SHORT  MONITOR AUDIO

OR1OFON  ROGERS  THORENS  VIDFOTONE

111471 MARKETS
Sensible advice from expert staff

2 years guarantee on Hi-Fi

Service DepartMent on Premises

Very competitive prices

)SINIFT5 Swan Street, Wilmslow,

0F INTL1WSLOW Cheshire Telephone 0625 526213
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FEATURE 

DESIGNERS 
NOTEBOOK 

This month, Don Keighley shows how a well -positioned preamplifier can 
improve poor system performance. He introduces equivalent circuits 

and their use in helping us to understand the action of complex 
electronic devices. 

Any electronic system's frequency response can be 
broadly defined by the use to which the system is 

to be put. For example, if we refer to a high-fidelity audio 
system, we immediately know that it must have a frequency 
response of 20 Hz to 20 kHz; if we talk about a telephone 
system, a quick check with a good reference book will tell us 
that it has a frequency response of 300 Hz to 3.4 kHz. 

The frequencies quoted as a frequency response tell us the 
outside limits of signal frequency which the system can pass. In 
other words, any signal whose frequency lies within the two 
limits will be passed, but any signal with a frequency outside 
will not. 

Figure 1 shows the frequency response that a high-fidelity 
audio amplifier might have. It is shown as a graph of amplifier 
gain against frequency. There are three points to note from it: 

the upper and lower frequency limits are defined as the 
frequencies at which the gain falls by 3 dB. 

these 3 dB 'corners' occur where the output power has fallen 
to one half of the mid -band output power. 

the band of frequencies between the two 3 dB corners is 
known as the bandwidth of the system. 

A 3dB FALL OCCURS 
WHEN POWER IS HALVED 

BANDWIDTH = 20Hz TO 20kHz 

20 100 1K 

FREQUENCY -i 10K 

GAIN IS -3dB 
AT CORNER 
FREQUENCIES 

20K 

Fig. 1 Frequency response of an audio system, showing bandwidth 
defined by the 3 dB corner frequencies, ie the frequencies at which 
gain is 3 dB lower than it is over the mid -band frequencies. 

Any reduction of bandwidth means that some audio signals are 
missing, which in turn means that the overall quality is lowered. 
It's important that we do all we can to maintain bandwidth. 

One way in which the bandwidth of a system can, all too 
easily, be drastically lowered (if the designer is not careful} 
occurs at the input to the system. Whenever a signal source is 
connected to a system's input, bandwidth is at risk. Let's take an 
example of a microphone (the signal source) connected to an 
amplifier. Because the signal from the microphone is small 
(about 1 mV), screened coaxial cable must be used to connect 
to the amplifier, to reduce the amount of interference which 
gets onto the signal line. Seems fine so far, doesn't it? 

Well, the problem arises because screened cable has a very 

definite capacitance, characteristically 200pF m-1! The 
connecting cable of an average microphone might be 10 metres 
long, so the overall cable capacitance is 2nF! 

It helps to look at the system using a type of diagram used a 
great deal by electronics designers - an equivalent diagram - 
in which each part of the system is visualised as its simplest 
electrical equivalent. In this way we can see what's going on 
inside the systems without having to get involved with all its 
theoretical technicalities. Figure 2 shows such a diagram of the 
microphone -cable -amplifier example and it's very easy to 
understand. The microphone is depicted as a current generator, 
in parallel with the microphone's internal resistance; the cable is 
shown as a 2nF capacitor between signal line and earth; the 
input stage of the amplifier is a resistance. 

Now the two 50k resistors, in parallel, can be thought of as a 
single 25k resistor and so we can simplify the equivalent 
diagram in Fig. 2 to that in Fig. 3. It is, as some readers will have 
spotted, a first -order R -C low-pass filter. The 3 dB corner 
frequency of a low-pass filter is given by the equation: 

1 
f-27rRC 

where R and C are the resistor and capacitor values in the filter. 
Because it's a low-pass filter, all signal frequencies below this 
corner frequency will be passed. Substituting the values of Fig. 2 
into the equation gives a 3 d B corner frequency of 3.2 kHz. Thus, 
the band -width of the system is only 20 Hz to 3.2 kHz - and 
we've lost a huge part of the possible sound spectrum. If such a 
microphone -cable -amplifier arrangement existed it would give 
a muffled and 'boomy' sound output. 

IMIc 

o 

RMIC 
50k 

ICCABLE 
2n0 

MICROPHONE CABLE 

RAMP 

AMPLIFIER INPUT 
CIRCUIT 

Fig. 2 Equivalent diagram of a microphone -cable -amplifier sound 
system. 

IMIC CCABLE 
2n0 

Fig. 3 Simplified equivalent diagram of that shown in Fig. 2. e 
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So how do we prevent bandwidth reduction due to cable 
capacitance? The equation, f=1/27r RC itself can give usa clue! 
The corner frequency, f, is inversely proportional to both 
resistance and capacitance in the filter, so reducing either one 
will increase the bandwidth. But we can't reduce the 
capacitance because wè need the 10 metre length of cable to 
get from the microphone to the amplifier - so we have to 
reduce the effective value of resistance. 

The best way of doing this is with a buffer preamplifier 
situated close to the microphone (it could be fastened to the 
microphone -stand or even inside the microphone -case). A 
buffer preamplifier does just that - it buffers the output of the 

50k 

MICROPHONE 

I 
R 

R 500k 500R 

PREAMPLIFIER 

I 
T2n0 

CABLE 

R 

50k 

AMPLIFIER 
INPUT STAGE 

Fig. 4 Adding a preamplifier and the resultant equivalent diagram. 

microphone with a high resistance and presents a low resistance 
to the screened connecting cable. Figure 4 is an equivalent 
diagram of the circuit. The microphone, cable, and amplifier are 
shown as in Fig. 2, but in between the microphone and cable is 'a 
preamplifier (shown as a high -resistance input stage and a 
current generator -with -low -parallel -resistance output stage). 

You'll notice that no cable capacitance exists between 
microphone and preamplifier, so no bandwidth is lost. You'll 
also notice that the output resistance of the preamplifier (the 
new R in the frequency equation) is only 500R. The upper corner 
frequency of the system is now: 

1 

f = 
27r x500x2x10-9 = 160 kHz 

and the overall bandwidth is extended way past any frequencies 
the microphone and amplifier can deal with. 

So the solution to the problem of maintaining bandwidth in 

an audio system can be as simple as the inclusion of a single 
transistor and just a couple of resistors; or perhaps a 741 

operational amplifier. The preamplifier doesn't even need to 
have gain (high gain makes no difference to the bandwidth) - it 
only needs to be a resistance buffer. 

Noise Annoys 
Not all systems have bandwidth problems. Take a 90 MHz 

stereo VHF tuner, for example, or a TV (200 to 800 MHz). Noise 
is the most immediate problem here - or more specifically the 
signal-to-noise ratio. 

At these sorts of frequency, noise is inherent in the cable 
itself and remains constant whatever the received signal level. So 
if we tune to a good, strong signal from the aerial, the signal-to- 
noise ratio will be high and audio output will be of high quality. 
However, if the signal is weak, say from a distant or low -power 
transmitter, the signal-to-noise ratio will be poor (lots of hiss!). 

The best signal-to-noise ratio must obviously be obtained 
at the aerial. Because of this you could be forgiven for thinking 
that the best reception would always be obtained if you 
connected the tuner directly to the aerial (ie with no cable, as 
shown in Fig. 5). This is not the case, however, because of the 
noise which the tuner adds. The tuner noise is expressed by what 
we call the noise factor, F, a typical value for which might be 
eight. 

To illustrate the example let's say the best possible signal- 
to-noise ratio is 50 dB (a ratio of 100,000 to 1). The overal signal- 
to-noise ratio of aerial tuner is given by 

best possible signal-to-noise 

F 

so in this example, the output signal-to-noise ratio is 

100,000 

8 
= 12,500 (= 41 dB). 

You can see the signal-to-noise ratio has suffered a 9 dB fall. 
If we now connect the tuner to the aerial via a length of 

coaxial cable (from roof top to living-room), as shown in Fig. 6, 
the noise which the cable introduces must be taken into 
account in the system noise factor. The system noise factor is 

calculated from the expression: 

F -1 
Fsvs 

= F1 + _ 
G1 

where F and F2 are the noise factors of cable and tuner and G is 

the gain of the cable. Of course, coaxial cable can't have gain 
(it's not an amplifier) but it's convenient to leave the expression 
as it stands (you'll see why later!). Cable 'gain' is expressed as a 
loss, 11, where 

The loss is also numerically equal to the cable's noise factor, F1 

(neat, eh?). So the system noise factor with a cable loss of six, say, 
is 

6+(6x7)=48, 
giving an overall signal-to-noise ratio of 

100,000 = 2083 (= 33 dB). 

48 

Quite a drastic performance loss. 

You'll have guessed by now that the way to improve the 
signal-to-noise ratio is to add a preamplifier. As we shall now 

AERIAL 

Fig. 5 A tuner directly connected to its aerial does not necessarily give 
the best signal-to-noise ratio. 
AERIAL 

CABLE TUNER 

Fig. 6 The long cable between aerial and tuner, found in most radio 
and TV applications, reduces the signal-to-noise ratio, sometimes with 
drastic consequencies. 

AERIAL 

o 

o 
PREAMPLIFIER CABLE TUNER 

Fig. 7 A mast -head preamplifier can produce the best results of all. 
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see, the best position for this preamplifier is as close to the aerial 
as possible (as shown in Fig. 7). In this respect, a radio -frequency 
preamplifier is similar to the audio preamplifier previously 
discussed. Unlike the audio preamplifier, however, an RF 
preamplifier is better to have gain (because the second part of 
the system noise factor expression is inversely proportional to 
gain). 

The system noise factor expression can be extended to 
include a third element, to 

F2-1 F3-1 
F + G G 

1 2 

where F1, F, F3 are the noise factors of preamplifier, cable, and 
tuner; and C G2 are the gains of preamplifier and cable. 

The overall system noise factor, with a preamplifier noise 
factor, say, of four (a factor as low as thisis easily obtained with 
modern transistor and IC technology), a gain of, say, 20 with all 
other factors as before, is 

4 + 5 + 42 = 6.35 

20 20 

and the overall signal-to-noise ratio is 

100,000 = 15, 750 (= 42 d B). 
6.35 

You will notice that this signal-to-noise ratio is not only greater 
than that of the aerial -cable -tuner set-up, but is also greater than 
that when the tuner is connected directly to the aerial. The exact 
results of this example aren't true of any application because 
different noise figures, gains and losses mean different signal-to- 
noise ratios. Nevertheless, the concept is correct and a 
considerable improvement in quality will be obtained by using 
a so-called mast -head preamplifier. 

Practical Matters 
If you're looking for a mast -head preamplifier and want to 

make your own, then you could do far worse than to use the 
0M335. It's a hybrid single -in -line IC, the internal circuit of 
which is shown in Fig. 8. Any voltage of about 10 V to 26 V will 
operate the IC and at a voltage of 24 V, it gives a gain of 22 times 
(27 dB) and bandwidth of 40-900 MHz: therefore it can be used 
to preamplify all FM stereo radio and British TV transmissions. 

Literally no other components are required to operate the 
preamplifier, as all coupling and decoupling components are 
internal, so with a simple PSU (the IC can even be battery - 
powered) you have a working preamplifier. Its noise factor is 3.5. 

Maybe now you'll be able to listen to Radio Outer 
Mongolia on 96.0 MHz VHF and not have to put up with that 
hiss you always seem to get on stereo reception! 

4 
( SUPPLY +) 

(INPUT) 

2,3,5,6 
(COMMON) 

C6 

iT 
R1 

C7 

R2 

TR4 

C2= R8 C3= R12 C4 

?777 

(OUTPUT) 

Fig. 8 Internal circuit of the 0M335 hybrid preamplifier. All coupling 
and decoupling capacitors are inside the IC so no extra components 
are required. 
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Happy Memories 
Part type 1 off 25-99 100 up 

4116 200ns .95 .85 .65 
4116 250ns .90 .80 .60 
2114 200ns Low power 1.20 1.10 .95 
2114 450ns Low power 1.10 1.00 .85 
4118 250ns 3.25 2.95 2.65 
6116 150ns CMOS 5.95 5.45 4.65 
2708 450ns 1.95 1.85 1.75 
2716 450ns 5 volt 2.25 2.15 1.95 
2716 450ns three rail 6.40 6.00 4.95 
2732 450ns Intel type 3.95 3.50 3.35 
2332 450ns Texas type 4.95 4.70 4.20 

280A -CPU £4.75 Z80A-P10 £4.25 280A-CTC £4.25 
Low profile IC sockets: Pins 8 pp, 14 10p, 16 11p 18 14p, 

2015p 2218p, 2419p, 28 25p, 40 33p 
Soft-secotred floppy discs per 10 in plastic library case: 
5 inch SSD £17.00 5 inch SSDD £19.25 5 inch DSDD £21.00 
8 inch SSD £19.25 8 inch SSDD £23.65 8 inch DSDD £25.50 

74LS series TTL, large stocks at low prices with DIY discounts 
starting at a mix of just 25 pieces. Write or phone for list. 
Please add 30p post Et packing to orders under £15 and VAT to 

total. 
Access Et Barclaycard welcome 24hr service on (054 422) 618 

Government Et Educational orders welcome, £15 minimum 
Trade accounts operated, phone or write for details 

Prices are still tending to drop, phone for a quote before you 
buy 

Happy Memories (ETI), Gladestry, Kington, 
Herefordshire HR5 3NY Tel: (054 422) 618 or 628 

It's easy 
to complain 

about 
advertisements. 

The Advertising Standards Authority. If an advertisement is wrong.we re here to put it right. 
A.S.A.Ltd., Brook Hnuse,Tornngton Place, London WCIE 7HN. 
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TOTAL ENERGY DISCHARGE electronic
ignition gives all the well known advantages of the best capacitive
discharge systems.

PEAK PERFORMANCE higher output voltage under all
conditions.

IMPROVED ECONOMY no loss of ignition performance
between services.

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

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

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

PLUS
SUPER POWER SPARK - 3}i times the energy of ordinary

capacitive systems - 3./2 times the power of inductive systems.

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

BETTER STARTING full spark power even with low
battery.

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

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

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

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

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

AS REVIEWED IN ELECTRONICS TODAY MAGAZINE
JUNE '81 ISSUE
Quote "the kit is very impressive"

well written instructions and a good performance".
"Exellent value fur money. Highly recommended".

FITS ALL VEHICLES, 6 or 12 volt , with or without hallaist
NEGATIVE EARTH ONLY
OPERATES ALL VOLTAGE IMPULSE TACHOMETERS

Some older current impulse types (Smiths pre '74) require an adaptor
PRICE £2.95

STANDARD CAR KIT £14.85 PLUS £1

TWIN OUTPUT KIT £22.94 U.K. P.BP.
For MOTOR CYCLES and CARS with twin ignition systems

Prices include V.A.T.

ELECTRONIZE DESIGN
Magnus Road, Wilnecote

Tamworth, B77 5BY
Phone (08271 281000

Ill
VISA

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

TECHNICAL DETAILS
The basic function of a spark ignition system is often lost among claims
for longer 'burn times' and other marketing fantasies. It is only necessary
to consider that, even in a small engine, the burning 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 moderns
cars. Because of this most manufacturers have abandoned capacitive
discharge in favour of the cheaper inductive system with it's low power
but very long duration spark which guarantees that sooner or later the fuel
will ignite. However, a spark lasting 2000pS at 2000 revimin. spans 24
degrees and 'later' could mean the actual fuel ignition point is retarded
by this amount.

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

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

HIGH EFFICIENCY INVERTER A high potwer, 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, cars cause timing
errors or damaging un-timed sparks. Only at the correct and precise
contact opening is a spark produced. Contact wear is almost eliminated
by reducing the contact breaker current to a low level lust sufficient to
keep the contacts clean.

TYPICAL SPECIFICATION

SPARK POWER (PEAKI

SPARK ENERGY
(STORED ENERGY)

SPARK DURATION

OUTPUT VOLTAGE (LOAD 500
EQUIVALENT TO CLEAN PLUGSI

OUTPUT VOLTAGE (LOAD 50pF 500
EQUIVALENT TO DIRTY PLUGS}

VOLTAGE RISE TIME TO 20 KV
(Load 500)

TOTAL ORDINARY
ENERGY CAPACITIVE

DISCHARGE DISCHARGE

140 ve

36 mJ
135 mJ

500 pS

38 KV 26KV

90 W

10 mJ
65 inJ

160 pS

26KV 17 KV

25p5 30 pS

TOTAL ENERGY DISCHARGE should not be confused with low power
inductive systems or hybrid so called reactive systems.
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IMAX 2
With the Minimax II, Videotone revolutionised the market
by establishing an opening for small, high quality speakers.
Natural evolution has brought about the new Minimax 2,
retaining all the qualities of clarity and sensitivity. This
ideal combination of size and performance is a proven
success, acclaimed by the press and public for seven years.
POPULAR HIF I
"Switching to the Minimaxs'
from any of the others produc-
ed an open and natural sound
as though something had been
taken away. It had, the colour
ation had gone." Comparative
test OCTOBER 1975.

HI-FI ANSWERS
Their modest appearance and
price disguise their startling
abilities. Never have we heard
such a small speaker sound
so big!" JANUARY 1975.

PRACTICAL HI-FI & Audio
"The depth, clarity and open
ness of sound produced is
quite astonishing". JUNE '75
WHAT HI.F1

. the ability of the Mini

max to take a lot of power and
still sound good could be
decisive" Comparative test,
APRIL 1977.

PRACTICAL HI-FI
The little Videotone scored
highly for such a small inexpen
sive loudspeaker".
JANUARY 1981.

Specification:
Recommended amplifier power:
10 to 40 watts rms into 8 ohms.
Frequency Response:
80Hz - 20KHzt5dB.
Finish: natural teak, veneer
with black frets.
Size: 10 7/8" high, 63/4" wide,
7 112" deep.
Weight: 4.1 Kgs (9 Ibs) each.

ONLY £69.95 A PAIR

 We welcome callers to our South London Showroom
for demonstrations.

 Enqiries and information phone: 01-690 8511, Ex. 32.
All products are only available direct or from selected

authorised dealers throughout the U.K.

VIDEOTONE- 98 CROFTON PARK ROAD
LONDON SE4.
Send for our free brochure and
details of outlets in the U.K.

17ost to: Videotone, Crof ton Park Road, London SE4.

MINI NM NMI MN MI11111111 MINI NMI MN NMI
E T3

INAME

IADDRESS I

ILP TOROIDALS
MUTABLE

VALUE FOR MONEY!
New production capacity at Canterbury has increased our range

decreased our prices, improved our special customer
design service. Choose from toroidal transformers in
a range of 98 types.
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The benefits of ILP toroidal translormers

ILP formal transformers are cnty half Ihe weight and height 01 men lamnaled
equraerits. and are available von 110V. 220Y or 2404 pthrones coded as follotr,

For 1103 primary insert "0" in rAace or X in type munser

For 2203 primary (Europe) Insert "1 in 'oboe of "X' in type number.
For 2403 primary (UK) insert -2 in pla,,^e of "X- in type minter
How to ceder Freepost.

Use ihs mom or a separate sheet ddarer, to outer these poxtuctS. er any
products from other II.P Elecfrorros ad.erteentents. No starry is needed rf you address to
Freepost Chequesand costV orders must tee rossedand payaoleroILP Bec1romcs 1.10 . cash
must be regc)terel, C.O.O. - add El lo Iota' or cer value Access and Barclaycard welcome.
AU UK orders sent ,votti in 7 claysol receiplot or der tor singre and smallquantity orders.
kso.waratkir Etermwave fellow -4n xv micro Ettl,trts

acrd 7710 Ire '3101.739
17 P TrAules

I
total prschasep

len:imeaue 0

rice
I

I PteasedebnrrryAccess/BarciaycaroPostiora'Orde's

E int.McmYCIrtler 0

INair

Artdress I

ISignature I
I

ET 1 /3 %MD Eitesqrsts (IC FIC4s(151 ? Prat)m WI 410,154 nye Gest
rainceoury CT? 7EP Itov EnqUixl
rotplxiir (0727154778 lecnnc.ii (0227164723 Tee( 965780

IL IF I
TRANSFORMERS
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PCB Foil Patterns

PCB FOIL
PATTERNS

omme
ETI

0

00000000

0 00 0011
Above: the foil pattern for the display board of the
Autoranging Capacitance Meter. The main board is
given overleaf.

Below: the Robot Motor Controller PCB. This is the
dual version with symmetrical halves; for a single
controller, cut along the centre line.

10HINO3
:1010141

113

ET I
MOTOR
CONTROL

Above: the hoard for the Light Wand fluorescent
lamp.

Below: the Infinite Improbability Detector hoard.

m
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An entire
range of
low-cost
high-
performance
instruments

sabtronics
'Making Performance Affordable

20100 316-091 L.E.O. Bench DMM 5020A I H z-200KHz Function Generator
2015A 314.010.1 LCD Bench DMM 13110A 100MHz 8-1).2it Frequency Meter
2020 311a-Die4 LED. Bench OHM

wall% Microcomputer Interlace
 Be 1 OA
*88108

600MHz 13-Dicit Frequency Mete,
600MHz 9.0.211 Frequency Meter

2033 31a-DIpa LCD Hand DMM Banos 1GHz Ei-Diy.1 Frequency Meter
2035A 31VDlipt LCD. Hand 0MM 8700 10MHz Universal Frequency
2037A 3riOlpit LCD. Hand DMM Counter/T.mer

vMh Temp PSC-435 600MHz PreiscaTer
LP' 10 10M1-11 Logic Probe 9005 5MHz Single Trate 014110AtOtsn

 Also available in kit form.

Test our low priced test equipment. It
measures up to the best. Compare our
specs and our prices- no-one can beat our
price/performance ratio.

Full colour illustrated
brochure and price list from:
BLACK STAR LTD.,
9a Crown Street,St. Ives,
Cambs. PE17 4EB
Tel: (0480) 62440. Telex 32339

z
7 HUGHENDEN ROAD, HASTINGS, SUSSEX. TN34 3TG

Telephone: HASTINGS 10424) 438004

LTD

ELECTRONIC KITS

85100 MINI VHF SUPER REGENERATIVE
PECEIVER Bf JUDAH/ WO Cf5.3.1ex VAT

H320IMINIF.M.IRANSIAITTErl85103
Melt 98 D.0 INOT LICUICIAelE IN

UK117.311 ea VAT

e52213 3 CHAN 50080 TO LIGHT, OUTPUT
35 MN MY 113T0 i'c VAT

ISS272 G CHAN litH POWER VIE DISPLAY.
308N PER CHAN. 2488 A.0 C21.29 ec VAT

KS7313 3 CtIANNE1 MICROPHONE
OPERATED SOUND TO (1491.330W
PER CHAN 2488 kC C14.43 a VAT

UK5S4 LOGIC FITHEIL SUITABLE IDR
171 OIL SMOS LULUS. 51? 0.4 taut

ne vat

UK8.113 CROSS IIATCII GENERATOR
1182110 3 CHAN Dial/ LIGHT I OW PLF1 FI.F.111)211k1T.UH F. lilTERNAL 9V D.0

CHAN. 2401.1 AC £11.77 irc VAT SUPPLY £22.14 Sec VAT
ISAKURAAA

fr Padec 50o TH, KS is, 7513 we LK tr. Send 3 SAL Iz. caukrzLe :I on

411K41'..9 lanit int IT ulesert 'Fgt. fettartral ft;cr: attain 'erebiera1 VISA

you
ILP BIPOLAR

POWElt
AMPS.

CAN'T BEAT

POWER
FOR .

AND PRICE
Get rraxirruin power at Tinnium prce. }tat still with ni-ti

sptx;kalions and a wide choice or outputs. ILP Broctar power
amps. nat4 With or without heatsirks are unbeatable value tOr
do'reshc hi -ti - but ler Disco guitar amplifiers and PA choo6e
the nsw range at heavy duty pone' amps. again wen or without
heatsinks. wen protection against permanent short cecuil
added safety for the disco or group user Connection in at cases
is simple - .na 5 pins

Every 'tern has a 5 year no CuibDU guarantee and
includes full connec.on data So send your order FREEPOST Udall'

Load impedance. all rrudels a ohm-infinity' Input impedance, all models 1038 ohm Input
sensitivity, all rrode's. 500 n Frequency response, all rrites15Hz50kHz.360

BIPOLAR Standard. with heatsinks

CISECA1 KIN

CLetut 1 H D I 1,4 D SAN,
art Pr  0E MCC

YOdel No miner
Mosul'',

Typ 504/.. NH,
al 151.12 a 1

%afar
Igilhf.i.

Size rhni ens VAT VA'

,I7 30 PA,' 4 at I:1015% <00X-'., f1e220 ?fi x68 xro 242 £828 f 7 ;`,:

14160 Pool 4.81) 0015% <001)v'.:. .25131) 76x68x40 240 (958 £631

111.120 fieeia.81: 001% <0 CCE%  35.-10 120x 78x 43 410 (20 10 E17 48

11840 120w+4 -8U 001% <0 OCE 1.4 .45.511 '70x 211x 50 515 E7439 E2121

218300 240,414U 001% <0 CC6% ..,45t50 120 x 78 x tC0 1025 E3563 ;3183

BIPOLAR Standard, without healsinks

HY lite E.F1w,4 .6tt 001: <0 CO% -35?43 Ii0x21ix 43 715 EV 8.3 £15`50

Hy 2ppo 12cogriet1 o orc.. <01100% -45e9) 120)0003 215 ;2123 £1816

HY 45)2 24:1a..2t 0 01% <0 H.XT.': -15-S) 170 x 26 x 70 375 £3758 £2833

Protection: Load nnernomentary short circui 'typically 10 sec) Show rate 15V/0 Rtse toe
yes Siff afro 100db Frequency response I-3d8 I 15Hz-50kHz Input sensitivity 50OrnV
rms Irput impedance I DOW. Oarrpng (actor (811/100H71>eCO

HEAVY DUTY with heatunks

distonrior,
Oulpx. 111 TI I ki n Sway 'fit Prim Rae

MOM TA) poen
WaltSM

T)p Mlle.' TOO
at 9 Hi 4 1

4tatage
hp/Mat

&re 1111, rirns A. VAT (11 VA!

90 120 We 14 at 001% <0 CC6% : 2 CIS? 4U 170x (lix'.0 515 t7S 85 £2248

0200 rate/ 4.841 001% <0 CO ':. .45150 t20 x /1),(60 620 £3149 127 38

H0430 240w:441 001% <0006 ' 45,..50 120x78x100 1025 £4447 E3131::1

HEAVY DUTY without healsInks

HD 120P Er)a, 4 Hi: C01% <0D05'. -..-. Ill ' if) x25H53 265 1228? ;1981

1-10203P Ine.q.812 001'4 <0 Los .  ii.E50 120 x 26 x 50 265 F7717 £23.E1

HD eXP 240*.'41! 001:: <0000% !45!90 120x 25x 70 375 £3942 £342H

Protection: Load line. PERMANENT SHORT CIRCUIT 'idea for

disco/pup use should eviCerrae of short elm.) I not be irreneraatep
apparent' The Heavy Duty range can claim adDtcnal output pow
deeces and rarplerrentary protection circutry with performance specs

for standard types.

FIN/border Freepost: Use this coupon. or a separate sheet of paper to crew these orodueis
or any products fr.:mother ILPElectroncsadverUsernents. No slang Is needed it you adireAs
to Freepost Cheques and postal orders mast be crossed and payabre to ILP Electronics Ltd
cash must be registered C 0 0 - add Et to total ordef value Access and Barcia,v.2.r.1
welCarre Al UK orders sent p351 tree mtnin 7 days of receipt 01 crow

mm ami

Please send me the aliening
ILP modules _____ __

Tocalourchase once

I enClose Cheque PostalOrders El

PleasedebtmyAccess /Barclaycard Ab

Name .

Address .

Signature

ET 2/3
Cameros, Ct2 7EP Kent. England
KW)) 11.1) E ac hones Et Freepost 2 DATISTT Rel Mo.tse Amer Co:.0 Tephcrwrii:r2274 54778 remocal i0227t 64723 tele. 96674c

it Money Order

I II IL IF
A-tepacavaup..,

STAYMEAD.STAY WITH US
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ROBOTS

POWER
- hydraulic drive

PRECISION ....
- feedback closed loop system

PO Ill 111111AN
- professional engineering

PROGRAMMABILITY
- dedicated processor

PUBLICATION
-November to March issues of

'PRACTICAL ELECTRONICS'

BARGAINS LOW-COST, RUGGED

TEMPERATURE CONTROL_
HIGH QUALITY

i TEMP. GAUGE CP -120°C
" Remote sensor uo 38'

capillary, panalmounanp' dial 55mm. die.

ONLY f1.86

LD.R. SIMILAR TO 0RP61: IN
SHIELD WITH LEAD- ONLY

30p OR E236 FOR 10

MALLORY MOTORISED
SWITCH UNIT

3 minute cycle 4 SPST sod 1
changeover 230v mom...

Two 10,0.75
16A 240V RAN CO THERMOSTAT
Wide control range ion rcurn temp. to aier baling poled
Seise,. on 22-' capi:iary E.2.30, ,nclading control knob

20rnm Panel Mount Fusehdder
25p RANCO THERMAL CUT-OUT100°C

15A 240V. Sensing coil on 411n. capillary Parini
mounting with reset button E1.20

Cable Te. Large. self locking
10 Tor 20p

QUALITY
RELAYS

. 10A 2.Pole C t0 240V
Coil.

ONLY 613p
2 lor 0.60
6 for C3.50

BUY ONE EACH OF ABOVE FOR E4.65

LATCHING RELAY
WITH MANUAL
RESET
3 POLES BREAK

,

7RUBBER GROMMETS }i" to
tot 20p
STRAIN RELIEF SLEEVE
10 f or 30p

WHEN ENERGISED
ONLY £1.00

TOGGLES. OPOT CENTRE OFF
10A 240V 60p 5 tor /3.60
BIASSED 30p 4 FOR Li
FEMAIL SPADE 10.10p
Mr Pop Riots 50:60p

Rubb2f Cabinet Feel 4 Ige Et 4 Small for 10p '

1-11(1(1 quality plated metal terminal posts only
20p

GLASS FUSES
Mom QUICK BLOW 1A I"
(FITS 1 !4 " CHASSIS MOUNT
HOLDER' 3A, 10A QUICK

BLOW, 5A ANTI SURGE
10/40p 10013.00

Bolling -Lee 4mm plugs %vim circular spring
Contact 10p

VERY SPECIAL OFFERS
Rotary Water switches Sp 8W - f1.10
2p 9W - 50p
Sprrngreturn lever with switch SPOT 501)
7ari-onded electrolytic 470C 63V 75p

ROLLER ARM MICRO SWITCH
SPST 150
BULGIN 3A 3 PIN PLUG AND
SOCKET 600
USEFUL HARDWARE PACK C1

""

LEM. SERVICES
239 RUGBY ROAD
LEAMINGTON SPA CV32 60Y
WARWICKSHIRE

ADD 50p P&P
ORDERS OVER

E5 post tree

WHYAN ILP
MOSFET

POWER AMP?
Because ILP MOSFET power amps give you ultra -II

performance without oosting big money Perlormance you
thought you cculdn't afford at a price you know
you can.

Al ILP modules are cornpatibe with
each other - you'll hod many mare in other ILP
ads in this maganne. Choose !LP MOSFET power
arrps when you need the tastest possible sew
rate. low disturber) al high Ireeuerces. better
thermal stabery. MOSFET pooe an"ps week
;loth axnp'ex bads vothOld CitliCulty and
without crossover csbnion. Connection is s-rnpe
- Ya 5 pins L'Ath other ILP modules you can
create 61111351 any audio system whatever ytur age
Or experience.

ILP MOSFET power amps are new matte with
integral healsmk (ra extra healsink required), or reacty for
mounting on to your own heatsink cc chassis Full dissipation detail cn data sheet.
available on request Each carries a 5 year no quibble guarantee and conies with full
sonneclion data.

Send your order FREEPOST today no the coupon at the lox at this ad.

Load Impedance, du
tnotIelS 4 - Triunity
Input impedance, all
=des 103K coin
Input sensitivity. ail
irceels. 500 rev

Frequency response,
;110'a:els 1912-50kIlz-300

MOSFET UltraR, with heatsinks

C451001104

Mode ko
Ox 130
pawl

11113 I LI 0
Typ 5011V7IiHi

Susoy
Knape Size oiro m p!ice Pr ue

Wills rm; at IkH2 4 1 10 /12.bc 01 r*c VAT e. VAI

M09120 (CVO 4'811 <0.005% <00061,;, 120x78 470 76 f75 83
MOS 203 120w/4.OU <0.005% <0 006% .155160 120x78 x80 aso En 48 t3346
PADS 400 240v41411 <O W5+6 <0 0064 155t60 120 x 28 x103 1025 [5720 f 45 39

MOSFET Ultra -R without heatsinks

PAIX5170P 604/4110 <0 035% <OEM% -41,:53 120x 26 X 43 215 1:2682 CI
HOS 200P 120,114.8L1 <OCCb% <0.CG6%. +55t60 t20x26 x9i) 420 (3? 61 iiir :.
PACIS *CCP 240w / 41I < 0 005 % <0006% -,55:r ED 120 x 26 x 1D0 525 [4415 (3691

Protection:

Able to copewoh convex bads without the need tor very special protection ir c III r
'fuses Wia suffice).

Ultra.11 specifications:
Slew rate 20Vms Rise tnie4is S/N mho 100ob Frequency response 1-3681

15Ht-100kHr Input sensitivity 500mVons. Input impedance 10011 Damping factor
(811/10:1H1)>400

How to order Freepost:

Use the coupon cr a separate sheet of paper. to order these products. or art
products Iron other ILP Electronics advertisements. No stamp is needed ityou address to
Freepost Chequesand pOSMI orders erusl be crossed and payable to ILPEleclroncsLtd cash
must De registered C.0 - add El to total ceder value Access and Barclaytard interne
All UK orders sent pest free within 7 days of receipt Cl ceder

Rease send me the following
ILP modules ___

Toralpurchase price

I enclose Cheque

Please debit my Access/Barclaycard "Jc

Narre

Address _ - -

Signature _

ET 3/3

AIM

I ELI®
IF'I

ELECTRONICS LTD

STAYAHEAD.STAY WITH US

int Money Ordef

Peet ILP DIXIIOACS LIT Freepost 7 Graham BPI Base Rape, Clout
Car 72P. Kent. Englx0
Teephre 102271 54778 Tmettrat 101271647?3 Tote 965780
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ETI RATES
1-4 Insertions f9 00 per sec
5.11 Insertions f8 00 per scc
12 i Insertions £7.00 per scc
30p per word (min 12 words)
Box No f2 00
Closing dela 111 Friday in month preceding
publication

D
HE RATES

1-3 Insertions E6.00 por scc
4-11 Insertions E5.50 por scc
12+ Insertions £5.00 por scc
21p per word (min 15 words)
Box No. 1:200
Closing date 2nd Friday in month preceding
publication

Classified Advertisements must be prepaid
Advertisements are accepted subject to the terms and conditions printed r.1 the advertisement

rate card (available on request).

SEND TO:- ETI /HE CLASSIFIED, 145, CHARING CROSS ROAD, LONDON WC2H OEE. TEL: 01-437 1002 Ext. 50.

UNREPEATABLE OFFER
Digital 7tterinceheter LED Dispi.Ay, caabratoU in
degrees C ranee -50' to 4 99.9"C oath Platinum
Resistancii Probe. 12v operation. B.C.D. Outputs
available housed in A.B.S. DIN styled case, W96v
H48' 0150mm
Give away at £49.95 etc. VAT. Ivanued at [135.501

Mains Adaptor for above um (5.75 inc. VAT
PEW (250

Circuit Date supplied
Cheques or P O. woh Otder to -

MICRO ELECTRONIC SYSTEMS
Martin Buildings, Stonehouse St..

Middlesbrough, Cleveland
Telephone No. 0642 829238

RADIATION
DETECTORS

BE PREPARED

VIEW THRU LENS IP

 THIS DOSIMETER

WILL AUTOMATICALLY DETECT
GAMMA AND x HAYS

 UNIT IS SIZE OF FOUNTAIN
PEN 8 CLIPS ONTO TOP POCKET

 PRECISION INSTRUMENT
METAL CASED WEIGHT 20Z

 MANUFACTURERS CURRENT
PRICE OF A SIMILAR

MODEL OVER £25 EACH

British design 8 manufacture
Tested 8 fully guaranteed
Ex -stock delivery

16-95
Inc VAT
Post 8 Pack 60p

Ideal for the experimenter
COMPLETE WITH DATA

HEAIRy:5-Zz'
EnWARI ROAD LONDON W2 IED

AMAZING ELECTRONICS PLANS. Lasers,
Super -powered Cutting Rifle, Pistol, Light
Show, Ultrasonic Force Fields, Pocket De-
fence Weaponry, Giant Testa, Satellite TV
Pyrotechnics, 150 more projects. Catalogue
95p - From Plancentre, 16 Mill Grove,
Bilbrook, Codsall, Wolverhampton.

ZX81 Flicker -free games. 6 super games.
each 1 K, plus free menu. All on cassette, plus
free listing, E3. Bobker, 29 Chadderton Drive,
Unsworth, Bury, Lancs.

TV to scope converter. Amazing easy to
build unit. Plugs into any TV. Into large
screen oscilloscope. Cost to build approx
£12. Circuit Et plans £3, (or SAE details). J.
Bobker, 29 Chadderton Drive, Unsworth,
Bury, Lancs.

YOUR NEXT

ELECTRONIC PROJECT

NEED NOT LOOK D.I.Y.
Choice of over 130 items of
metalwork, etc., including 45 different
printed front panels, subframes, or a
complete mixer console frame.

For full details s.a.e. to:

The Mixer People

PARTRIDGE
ELECTRONICS

56 Fleet Road
Benfleet

Essex, SS7 5JN

IONISER KIT (Mains Operated)
This negative ion generator gives you the power to saturate your home or office with
millions of refreshine ions. Without fans or moving parts it puts out a pleasant breeze. A

pure flow of ions pours out like water from a fountain, filling your room. The result? Your
air feels fresh, pure, crips and wonderfully refreshing.
All parts, PCB and full instructions £12.50

A suitable case including front panel, neon switch, etc £10.50

Price includes post Er VAT. Barclaycard/Access Welcome

T. POWELL
Advance Works, 44 Wallace Road, London N1 Tel: 01.226 1489

Hours: Mon -Fri 9-5 pm Sat 9 0.30 pm

ANNOUNCING - THE SENSATIONAL'

VlBROSCOPE

0-cir riga^ Steal Systems ha. e atitourried ino orb our
a tolaly raw ccrceol TN. Mb* Vamseope PrOdiget
'artistic rreiti-t7Ciauied disPay on any Tv The °Cue rt.
controlod by R.A.C. ialirvj microphone or Other dead Inp..n.
and forms an raciling. puimiing and rhythmic eiiperierCe
whoa" cannot lot to turn Infra. on. A lcr
clsCOS,

NOW AVAILAELEFOAONLY £49.95
POVIER UNIT LAM PLEASE ADD VAT AT 15'

.P'Srt a PACKINS10-UDEITi

A .. .  1,,
vvi_LiAjvi :,i corm,

'17:ri;;;;"'"Ig.STUART.,
sySTErosLtal tertynnn. 1144.-twoullJi74

CIRCUIT DESIGN, Prototype construction,
analogue or Digital, Siangle Circuits or
Complete Instruments/ Systems. Write A. J.
ATTWOOD, C.Eng., MIERE, Heathercote,
Heatherton Park, Taunton, Somerset, TA4
1ET, or Phone Bradford -on -Tone 1082-3461
536.

CLOSE ENCOUNTERS GROUP. Personal
introductions/dances, parties, talks, socia
events. Meet interesting, attractive
people. All areas. - Tel. (Liverpool) 051-
931 2844 (24 hours).

PRINTED CIRCUITS. Make your own sim-
ply, cheaply and quickly! Golden Fotolac
light-sensitive lacquer - now greatly im
proved and very much faster. Aerosol
cans with full instructions, £2.25. De
veloper 35p. Ferric Chloride 55p. Clear.
acetate sheet for master 14p. Copper -clad

fibreglass board, approx. 1mm thick
£1.75 sq. ft, Post/packing 75p. White
House Electronics, Castle Drive, Praa
Sands, Penzance, Cornwall.

ADAM HALL
Cabinet & Flightcsea Firlange heir cr.yr...nus
handles 4..K1434.4 irk JAI itt 5. %oche% Cannons
&Mg.% reyerh tiers Trnilar (01111Y15.10f, drovers 450
Irres Celesta:in speaker* ASS giasshbre nahns

Send t.4.44.4,... h. .4.14411.31,14:41.41...tp,...3
ADAM HALL IE T SUPPLIES)

unit B, Charlton Court
Grainger Rood, Southend -on -See

Ems. 552 56Z
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A moving coil
cartridge that
breaks the
price b crier!

the new MC88E from

CORAL
The new MC88E represents a breakthrough in high
output moving coil cartridges. No step-up device
or amp is required and it is available at a sensation-
al price of only £39.95. yet generating high magnet
The high output voltage of is flux density; compliance
2.5mV does away with the of 17 cu's. The result is a
need for a head amplifier or cartridge with flat frequency
step-up transformer, which response over the super wide
add to the expense of using range of 20Hz -
most previous moving coil removing the distortion
cartridges. caused by certain frequencies,
We can t emphasise enough, which can be found in many
just how advanced the tech- conventional cartridges.
nology that has produced Coral's considerable exper-
this breakthrough is - a ience in moving coil cart -

miniaturised and specially ridges has enabled them to
shaped armature; unique offer the ultimate in quality
coil winding technique; a and performance at this
magnet that is so compact, incredibly low price.

 We welcome callers to our South London Showroom
for demonstrations.

 Enqiries and information phone: 01-690 8511, Ex 32
All products are only available director from selected

authorised dealers throughout the U.K.

NeiDEDTDNE 98 CROFTON PARK ROAD
LONDON SE4.
Send for our free brochure and
details of outlets in the U.K.

11111 IMM
1.1.1 MUM MI. MIM1I Post to: Videotone, Crofton Park Road, London SE4. E 7

I NAME _
IADDRESS

------------
1

I

LOTS OF NEW ILP
ENCAPSULATED

PRE -AMPS-
COMPATIBLE WITH
ALL ILP MODULES

Sudnentr instead of Inn 1LP encapsulated
ire -amps, there are eight - everything tom the
single mono pre-arrp (HY6I. through mixing fray
pre- arms (HY12 and MYER), to a dual stereopre.
mrp (H Y71). flus a new guitar pre -amp (HY73).

Each gives the my best reproduction from
your equipment trial your money can tor. and all are
orotecood against shore circuit and wrong polaniy.

All ILP modufes are compatible with
each cater - tontine them to yeale almost am audo
system. Every item caries a 5 year no quibble guarantee and
ircluttes tell connection data

So send your order today - the Freepost coupons needs iv.istarn,o

PRE -AMPS

Mudli
Am. hl'Odot YAM etas Cuutnt

fainted

101nA

Peet
ficIAT

ET 41

Prot
ex VAT

E6 et
HY 6 Moro mann Pemlesinsuu Su me:Thug caludoemeer/

lopetawittat von taunt/Doss:Ito*
commis.

HY 9 Soso pie-irro two thumb. mag cartn42 ir s: + .0 time
oxen"

10nt4 ET 7t £670

HY 12 Beale pre-4100%inntwo ugnits cm am wits bassime-
rargedosie camas

10 ini. f 7 71 £6.70

HY 66 Stereo mearo Two Menet . cub mptit ke friC/mag
cartregotipeittrevalthiri. lush vdune/
bass/heist/Mance

20 rms. 614 02 61219

069 Mons pee -amp Two toot (unnels mag ea/Mg:rm. win 20mk ft2 0.1 f10.45mars art wAimemiceemass controls.
.

HY 71 Dual scot
pie -47p

Nantes lour Mantis for mfg. cowries/let
will %Mime ceche'

-20mA 02.36 f10 75

MY 73 Gulf
creams

Rendes for me uAlars Mass + leach are, mc
with separse vuerneibessteede and mono.

70 mA f 14 09 £12.25

L---HY 75 SIxeo
pre-aro

TKO ctunds each Rum two Drat Into ore
wie fuss/nut-ranger yet* renhes CIO 2529 nUS f12 36

please send roe toe rcetoeng
'LP tames

Total purchasepnce

enclose Cheque

rot rusy roumn7 we !wormer( 8 6 manilla mud to
n0c1,1iS IfY1i.H1'13 ED % rt. VAT ID 78e, VAT J 8 EE
mounim toad lR MOOUMS NY55.11',,77 ,

(0.99 (x VAT j AllrocVes Ditty,.
clp-on cage tonontors. At wale ho.
19 +31NrnammAn ream Mawr re;:tt:fs lo :NW
voittget Ataires NY6 HY13 missy 45 x 20 x 4Orrni

HY66 toIIY77rrreacue90x20x40Trr.

How to order Freepost:
Use this coupon. CY a separate sheet Of paper, to older

theseproaucts.or any products from other II, ElecIronics
achertiseirents No stamp is needod if you address 10

Freepost Cheques and postal orders must be crossed arc
payable to ILP Electronics Ltd: cash must beregistered.

C.O.O. -add CI 10 total order value. Access and
BarclYticard welcome. All UK orders sent post tree erehn

&pis of receipt of Toe!.

I
F1eaSedebut my Accessitiardaycard

zildress

I ET413

®11

PosraiOrders lit miy,yorder-,

Paden 1IPEKmotcst10 Fretposl2 Graham Del ifOuse Pepe, 0:$,
Careercury CT? 717( 0(440 EngUru

letedlone 10227, 54178 Teetotal 111277I61123 toter %SRO

IL 1112
ELECTRONICS LTD
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KIBMORE CIRCUITS
Bell St. Reigate Sy.
Reigate(D7372)41010

CONVENTIONAL

& PLATED THRU.
ULTRA FAST PROTOTYPES
ALSO DESIGN & ASSPOBLY

LTD

BURGLAR alarm equipment. Ring Bradford
(0274) 308920 for our catalogue, or call at our
large showrooms opposite Odsal Stadium.
C.W.A.S. Ltd.

COL OUR 1110001ATOR

 A G 9 inputs. PALAP1F output -

 UnInmied colour correnaticns `
1-11. etc Interface duels weaned
1000 s arready in

only £12 Built g Tested: only E18
- 17704mr ochl VA 7 at 15% to prmys
- Barchymiceest wars accetWed er rafepeAnf

WLLIAM D''"°""' '12

STUART c"*.'.n9casql;:ls;"*.x4 1171.
L_s-vsTevis Trorp,ene Orr,r.yrrou ;02, r-rj

600 RESISTOR
H,gh quality Carbon Film '4W 5% E12 series

60 values 10 pe value

ES INCLUDING VAT P&P

COVE COMPONENTS
BB Southwood Rd.. Cove.

Farnborough Hants GU14 OJJ
Mad Order only

SECURITY ALARMS Kits from E37. Full

range of accessories. MFP Ltd, Harrison

Road, Erdington, Birmingham B24 9AB.
021-373 0450.

T. & J. ELECTRONICS COMPONENTS
Quality components, competitive prices.
Illustrated catalogue 45p. 98 Burrow
Road, Chigwell, Essex.

COPPER CLAD BOARD double sided
fibre glass. 10 sheets 12" x 8" £6.00. 5
sheets 12" x 8" £4.00. Including P&P.
Complete PCB service. Davron, 1 Bank -
side, off New Street, Chelmsford.

DIPLOMA IN ELECTRONICS Full
time courses in Electronic Engineering.
Also courses leading to City and Guilds
examinations. Tel. London School of
Electronics 263 5938.

WANTED Integrated circuits LM373H
IF amplifiers. Telephone Barrie Hughes
at NBA (Controls) Limited. Farnborough
514335.

MEMORIES - 2716s 15 volt), brand
new, full spec., guaranteed. £2.50 each.
£9.25 for 4. P&P + VAT included, ex-
cept add 20p post orders under £5. Why
pay more? Enquire re other com-
ponents. WESSEX COMPONENTS, 17
Cripstead Lane, Winchester S023 9SF.

LASERS, new and used items, 40p for
lists. DNS Developments, 18 Eldred
Road, Workington, Cumbria.

SOUND TO LIGHT KITS. All parts,
case, instructions. Will deliver 500W per
channel into 3 channels. ONLY £14.95.
Cheques only to JDG Electronics
Limited. 9 Clifford Manor Road,
Guildford, Surrey. SPECIAL OFFERS-
C106D Thyristors 35p, 5K Pots 25p.
ALSO, Light/Audio equipment built to
your requirements. Send details for free
estimate.

FLEXIBLE PRINTED CIRCUITS. Now
you can make your own Flexible PCBs.
If space and weight are critical or you
want to do away with wire looms this
could be the answer. Etch, drill, solder
as normal. Single sided 1.7p per sq.cm.
Double sided 2.5p per sq.cm. Any size
cut. SAE for details. Quantity discounts.
Redditch Electronics, 21 Ferney Hill
Ave., Redditch, Worcs B97 4RU.

WANTED TRS-80 model 1 level II CPU,
VDU etc., Working or not, please phone
03965-3501 office hours.

ZX HARDWARE

Description of kit
43 key lull size keyboard for 2X81
181..01 keyboard ready to clog on anc
CO - No 501d0011(1 (crowed/ 120.50
Edge connector for kit
Set of rubber leer for 101
Cars to nob keyboard ibut not
ZXB11
,:Built price mcludes keyboard foiled,
24 I/O port - controlled by
BASIC
ICen be used with a RAM pack ard
Fernier I
In/Out edge connector
Motherboard with 2 connectors
Voltage regulator for motherboard
.1iluilt can be only ordered If bull
motherboard orderedl
Dgital to analogue convenor board
One (brat to anatogLe and butler
IC
23 way Irene connector. single.
23 way male ccnroctor, double
23 way connector for back of ZXBI
Books
Getting acquainted wee your ZXBI. Torn
Harrold! f4.95
Mastering Machine code on your 2X81. Tony
Baker 595
Tee Sinclair ZXBI. Prograrnmng for Real
Applications. Ramie Hirley. 170 pages 95

Cassette Tape for Real Rooloatittns bock 11.44

Send 10' x 7' SAE for free illustrated catalogue.
All prices Included Postage and VAT.

Kit Built
Price Pricn

10.30

125.75
1.95
.24

36.15

16.95 18.95

15 75
2.40

16.95

3.00
18.50
3.00

18,95

89
1 30
1.60
2.95

REDDITCH ELECTRONICS
21 FERNEY HILL AVENUE,

REDDITCH, WORCS 697 4RU
Tel. Redditch (0527) 61240
(9am to 12.30, 1.30 to 5)

GET THE MESSAGE
Now you can build your crert lcreOhone answering
machine for less than (101
Our advanced and well proven design uses readily
available components one connects to any cassette
recorder with little or no rnotificatien required.
Send only (2.95 101 detailed crrcuit diagrams and con.
structiois decals Pars sent First Class return of post.

UN ITECH I MI DLANDSI FREEPOST
Sutton Goldfield West Midlands 57428R

!No starry recurred! I
CLASSIFIED ADVERTISING PAYS,

A MESSAGE LIKE THIS WILL
ONLY COST YOU £4.50 FOR 100,000

READERS.

ONE PCB by Cemeche gives you
ALL the following facilities for your
ZX81: fully buffered 8K memory; 8
output - 13 input lines; 8 -bit D/A +
A/D conversion; wire -wrap area for
your own circuits.
Quality fully documented pre -drilled
silk-screened fibreglass board. PCB,
circuit diagram and example software
- £12.95 from Cemeche Ltd., 136
Cromwell Rd., London SW7. Ac-
cess/Barclaycard accepted.

PROXIMITY SENSORS infra -red
range 3 inch single 5-7V supply ideal for
mobile robots £21.95 leaflet. Cheshire
Micro Design, 66 Close Lane, Alsager,
Stoke-on-Trent, Staffs.

NEW 1982 ACE COMPONENT
CATALOGUE Let your problems be our
business. Be certain; have your com-
ponents delivered quickly and efficiently
and get that project working. Send 30p
now for the easy to use 1982 Catalogue
to: Ace Mailtronix, Dept E.T.I. 3A,
Commercial Street, Batley, W. Yorks
WF17 5HJ.

LOW PRICES UA741 16p, NE555 18p,
Diodes 1N4001/2/3/4 6p, 1N4148 4p,
LEDs 0.2" Red 15p, Green 18p, BC108
10p, BC107 11p, C106D 38p, Solder 10

metres 60p, Capacitors 100n 7p, 150n
10p, 10n 6p, 470n 13p, 1u 23p. +30p
P/P - FREE LISTS with all orders.
Cheque/p.o. payable G. Monaghan,
24 Tower Road, Tadworth, Surrey.

AERIAL AMPLIFIERS Improve weak
television reception. Price £6.70, S.A.E.
for leaflets. Electronic Mailorder,
Ramsbottom. Lancashire BLO 9AGH.

CHRISTIAN SINGLES. 1982 holiday
programme. Tours - Devon, Scotland,
Switzerland, Holyland, USA. Weekend
houseparties. Social events. Nation-
wide. Friendship contacts fellowship:
Christian Friendship Fellowship,
Dept/N40, Edenthorpe, Doncaster

DISCO EQUIPMENT. Custom built
mixers, light controllers, consoles, P.A.
equipment. Phone (079 18)5285 anytime
for details and quote.

DIGISOUND/PROJECT 80 modular
synth 3 oscillators, 2 filters, reverb etc
£380 ono. 0438 724093.

PARAPHYSICS JOURNAL (Russian
translations); Psychotronic Generators,
Kirlianography, gravity lasers, tele-
kinesis. Details: SAE 4 x 9". Paralab,
Downton, Wilts.

PRINTED CIRCUIT BOARD. Glass -
fibre single/double sided packs. £1.95p

kilo (2.95 1 kilo. Chadwick, 5 Halifax
Crescent, Liverpool 23.

CROFTON CCTV camera with 4:1
200m lens. Rarely used only £85. Phone
(Norwich) 0603 618995.

TRANSCENDENT 2000 and digital se-
quencer for sale, 128 notes. Plus full
data on operation. Tel. 0783-365892
(Newcastle areal £230.
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THE
POWERFET AMPLIFIER

PFA 80
(100W plus
info 13:11

Powerless

Elegant Simpticity
Adoences re. Iran reeltrology should mete ale smpier A

 cluttered power emplifier board nun well perform superb..
but it, busy idabc,ston .3 an .nthralon that ds doSsen I.
Puith.n9 the Ilmol of ds component technology

There are now man. first clan bipolar power amps on 11,-,
mart et Al al Infer. are COrtrOlert and conSequenl,v todren...,
An, ImptownnereS rI the eroab where MOI
weakly 9 Hr oksiix <Ai canonry be steamod won vedlanho
completer and coal

Only a new techholup can provith. the scat OS aspant..,,
Pent,' in component preformance necessary lo reduce Ir...
110114, on the Ward. reduce lire C051 400 ma... Inc Inghes1
once more allordable

Solar 29 sernqonikitler monorail
ale something special

Theo enormisis power 911.01. eranMele COneenhoneldnve cocuilry .n amp. pernoltrou
O4411hI1ollt Sow?* designs Their freedom from seem -dry Wee/down and liner Fromm., h.
shuldown when Ihermany 000318411.000, lesser in onnerenlly stable and desirucinn woof oolsne
sines. AM needing primer icer euctotry And perhaps best or all mon lark 0cl...troll idormi., MO-
html IOU and rilithanhortf.preduern9 Arrolliets of wide bandworll h. and lew ifisoirliOr esenar hoefrequeedieS

eta
111P.

nesemsesunliniros new lechncrogy Clear lr puvser 6f.

PFA 120
II SOW et us

Pcivan Suppl into 81.1
Components ble 300W INTO 421

The PFA is perhaps Is. perfect realisation of the classic Powell.,amp [resign Trw sown ri
ellOWS Mt Loll of either one or Iwo poet 010.11001 deven. provKling eery erpandabistr tor
sterilise with mesmeric. system (Tine 11.1.11CUltorl 11.1.e of the PIA 120 result, .n lower
and unproved eliiiiencs murmur/els info low Impedance leaosi

The component!, used a. the PFA have been chosen web vale/M..1ff The lowest
denies and lowest distonion gain Stage levees were seleried repareem.so. cos. 1 40VPown,lier
were chosen against the more usual 120V to give onprovod solely margins

Specificarren
Rordwirri
Dorpar Prow..

Ir S
7140

120)1, 2114tHn
1(111 Ai rated

normal
SRN.
Slew Rare
Gem
Rol
Vs was

Con
Mudd

Ps ASO
10,1
93W iVs.  St/Vr

00008'.

0004'. No

417.41
DAIS

12019
520V pS
X22
3x
tov .

PIA170
100101c 1.113
1200 -Vi. Snrici

0 oos

0077 hp

MIR P. e, I. )5patm
Power Amp PAN 1397

A echo...v.1y 20A' paw,. amp board based on the HA 1397 Caprymash...rho trras,,,,,,wariu,
gm...Ong high poVerS horn row 5l. pi( ve11.9e1
Specrlicallon
Output poem, PTAS

%HD
SNP
Input
Cost roiiiii;

PS U
101

200 .nix. est .0  17V
20W iroo 4a1 ar 19y
0 07. at slur, itv ni I2W
bone
on.nv into doe

tO. Po IP. P. 4019

PAN
1 3517

PSU 10t Siena, di., o lir I ear.
1397. Peuerii..725
2

PAN 13971. (Mull) 0335

Maros roans co Int dhow. 17 0 17v SOvA r 1 O..
Pre. amp PAN 20

'The Orsspe rs itng,ge ,,,,,
atIm a DM gam stay.. reSult.n8i m on.. .81 Illy
IltSt 00.11, pe414,WIC,) 4n..111.11116. Si.c.411
imethiaill 'mu.% ale rflital.11 ay a
'new porabou a vaeoal gain elrenudrW Lim
1101 11/14.-1[MM...I 1.1 V1.1101 rho aqua, 1114.
uncurremped and can he Mad won :urn
coembialron a sorrel sources or Pei lndi
10V ran RIAA equaliser ttttt is couvidiO fir.
,nag PUs and space ern the board
,tor dole e..< 0,164,5al.LOS

ro.& P. C11

V.
(hrror
Cost

7.
000,4 toi

lOrairtl
7r%.

Ten 2 hoyden for stereo

(P. & P 40P)

THE POWERFET SPECIALISTS

J. W. RIMMER
Mail order only so:

Dept ETI11, 148 Quarry Street, Liverpool L25 6HQ.
Telephone: 051 -428 2651

Technical enquiries:
367 Green Lanes. London N4 1DY. Tel: 01-800 6667

MIXERS,FADERS,
VII:1140;;DRIV

AND MORE-
ALL NEW FROM ILP!

Just some of the 28 new amazingly compact modules tram ILP Eeclrorics, Br rain 's
cadet in electronics modules - youl find more new products in the amps and pre -zaps

advertisements.

All ILP modules are compatible with each other- you can combine them to create
almOSI any audio sysiem. Together they form die most emieng and versatile rroduter asserrtiy
system for constructors of all ages and experience.

Every dun rem ILP carries a 5 year no quibble guarantee and includes tut
correction data. So send your order on the Freepost ocupan below today'
MIXERS

Model
fa *club %Veal n itas Coded

memo
RICE

arc. VAT
Prix

en .1AU

HY 7 MOS rmer Meeset;b1 bangs t -to one 10m4 f5.92 £5.15

HY 8 Stereo rreer 7mo channels. each mina rne spas int we. 10m4 £7.19 x)625

H Y 11 Val0 tomer VTA4S rhe SSTI8S imo am - wth base/Ret*
ccnIals

10 nsli r8.11 £750

HY 68 &ere:ink:CH Two &enrols, WI moing len senals Poo one 20 nt4 C9.14 £7.95
lir 74 stereo maxi Two MareeS, ext men° bre signals ea one

- Ann rite.* re liars conItM
79rrIA £1317 £1145

AND OTHER EXCITING NEW MODULES

Vlodd
no. Home mut a a.% curem

recexed
Pea

inc VAT
Pone

et VAT

$v13 ?knew meet Preetannatile gan/LED curbed dude 10tH £6 04 £595
HY 57' Stereo 9:70-

pixne ewer
Cal ogre stereo neadnots nr the 4 ohra
2K arn range

KUM £14.20 D2.35

Iry 72 War wake
gena Nee'

Prrnees depth/delay effects. 20th £15.07 £13.10

HY /3 Guar
Dream

fanics too genus mass and wool and me
win separate voloeioassitrehie and rret

201M £14 09 £12.25

HY 75 51ert0 WW1
mains

Proades two &ponds. each syttchrg one ol
fax P9ru15 490 err.

20mA To be anneinteb

HY77 SSW VU
melw Wide

Progsurable gan/LEDPeceate diner 20ro4 C10.64 £9.25

For easy mann; we rearmxro
6 mountrg boat tor ratia ler6 .11013 E11.5.0 et VAT (0 78 et.% AT )

8 66 mulling bard to mcdults HY66-11Y77 Et 12 ric VAT (199 a. VAT )
molks are en:aosumet and nide* Owen oDge arrectas Al (wale bcen u1SV

morrum -.r3;111 roueroirn, reeling dropper resstorsnx hoe.voluips HY67canbeusedanlynthbe
PSU 30 perm supply rod litdu9s HY6 to inn 3 n'rdsse 45 x 20 x4orm. HY86 b HY77 manure
33 x20 x 40rorn

FP 480 BRIDGING UNIT FOR DOUBLING POWER
Designed speciaty by ILP for use with any two power arnplfiers of the same type to

double Me power output obtained and voll function with aro/ ILP power supply In totally sealed
case, size 45 x 50 x 2Crnm with edgeconneclor !lbws becomes possible toobtan 480 watts
rrns (single channel) ina 8S/ Cantribulcuy 052011130'm lhan 0.005%. Price: £5.51 int VAT.
(Ex VAT- £4 79.)
How to order Freepost:

Use mis ccupcn. or a separate sleet of pace. to order mese proitcts cr any
deducts !Ken other ILP EleCtroncs adeeriiserrents No stamp is needed d you address lo
Freepost Cheques and postal orders must be crossed and payable lo ILP EJectionics Ltd: cash
must be registered. C.O.D. -add £1 to Mal order vatie Access ant Barclaycard erCICCITIR.
AP UK cyders sent post 'ice within 7 Caps of receipt of order

Please send me the [orating
I LP modules

Total purchase price

I encbse Cheque 0 Postal Orders Int Mcre.Order

Please debit my Ar.cess / Bart laycard No _ _

%ire

Address

Skpalure
ET 5/3 Post to iteElecvolcs tel Freepost 2 6teem Bee 14;ess Row Chu

Canterbury CT? ?EP. gent. Encrand
Teepncne (02171 54071 Tecivinal 10222) 64223 7047965780

I IL IF
ELECTRONICS1=12./

STAYAHEAD.STAY WITH US
t I I hirliAtil.41 TUTU
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GUITAR/P.A.
MUSIC AMPLIFIERS

100 watt s.lputb lrebleibaSS oyerdt 12 month --
guarantee. Unbeatable at C50; 60 watt £44. 203 watt
C65, 100 watt twin channel, sep treblelbass per chan-
nel C65; 0) wan C52.203 watt C78, 100 wan lour chan-
nel, sea treble/bass per channel, C75; 200 watt £98.
slaves 100 watt C37; 200 wan MO: 250 watt C70; 500
wan 0140; fuzz boxes, great sound C12; bass fuzz
£12.90; overt/nye fuzz with noble and bass boosters
C2B, 100 watt combo, superb sound. overdrwe. sturdy
construction, castors, unbeatable, 01133. twin channel
CI 15. bass combo C118. speakers 15in. 100 watt C36,
t2In. 103 watt C24. Er) wart £18; microphone Shure
UNdyn B

Send cheque/PO. to:
WILLIAMSON AMPLIFICATION

62 Thornclitle Avenue, Dukinfield,
Cheshire. Tel: 061-303 Me

CENTURION BURGLAR ALARM
EQUIPMENT Send SAE for free list or
a cheque/PO for £5.96 for our special
offer of a full sized decoy bell cover.
To Centurion Dept ET1265, Wakefield
Rd., Huddersfield W.Yorkshire. Access
& Barclaycard Telephone orders on
0484-35527.

RECHARGEABLE
BATTERIES

PRIVATE OR TRADE ENQUIRIES WELCOME

FULL RANGE AVAILABLE S.A.E FOR LISTS.
E1.45 for Booklet. -Nickel Cadmium Power"
plus Catalogue 'New range of sealed lead now
available'. Write or call. Sandwell Plant Ltd., 2
Union Drrye, BOLDMERE, SUTTON COL-
DFIELD WEST MIDLANDS. 021.354 9764

Please mention
E.T.I.

when replying
to all

adverts

POLYSYNTH ETI SYNTHESIZER for
sale (Transcendent kitl. Built and work-
ing with one voice fitted. £210 Tel: day
01-648 7090. Ext 134. After 6pm
Guildford 503227.

BURGLAR ALARM trigger module.
Can control complete system. Send
£6.45 Home Security Services, 17

Southfield Close, Hurworth, Darlington,
Co. Durham.

NEWT! LOW PRICE! SPECIAL
SHAPE LEDS! Pack, 20 mixed Arrow-
heads, Lines, Tri/rectangles, Dots, Red,
Green, Yellow only £2.45. IC SKTS
8/14/16/24/40 PIN 7/9/10/20/25p. +
25p P&P. Petron Electronics, 1

Courtlands Rd, Newton Abbot, Devon.

TIME WRONG?
MSF CLOCK ALWAYS CORRECT - newer pens

Or lows. SELF SETTING at ewitchon, 8 dgits
show Date, Hours, Minutes and Seconds, auto
GMT/BST and leap year, also parallel BCD
output for compute( or alarm etc, second -in -a -

month STOPCLOCK, receives Rugby 601CH/
atomic time signals, antenna, 1003Km
tango, TIME RIGHT, 082.130.

BOKHZ RUGBY RECEIVER, as in MSF Clock. audit
and sera' data outputs Ion computer etc,
decoding details, £17.90.

Each fun -to -build ui includes all pails, printed orcuit,
case. instructions, postage etc. money back

assurance so GET NOW

CAMBRIDGE KITS
46 FTC) Old School Lane. Milton. Cambridge.

C-12

MOS-FET AUDIO MODULES
Hitachi dev,ces. Hitachi spec., glass bcardS.
extruded heatSinks, tested, guaranteed 24
months.

120 watts/8 ohms; 120v/2A supply; £13.95.
240 watts/4 ohms; 120vi4A supply; £19.95.
403 watts/2 ohms; 120v/7A supply; £29.95

Power supplics/pre-amps available. Post/
packing 80p. Stamp for details. Quantity
diScount.

Audio -Tech.. 8 Persons Close. Church
Crookham, Aldershot. Hants GU13 OHL.
Tel: 02514 22303.

POWERTRAN KITS constructed for
50% of kit price, you supply kit, Stu-
dionics, 12 Wilson Ave., East
Sleekburn, Bedlington, Northumberland
NE22 7BL.

D2114L2 intersii, ceramic
200ns Static RAM

Lmutcd 1 8 24

Stock 01.20 £1.10 £1.05

PEtP 40p for RAM under £20

Micro Computer CASSETTE in library box.
GUARANTEED

10 25 100

40p 35p 30p

P&P 40p per 5 cassettes
Please add VAT at 15% to TOTAL

INTILLII3ENT CC MPUTMG
ELECTRONlai

5 Dryden Conn. Kennington Estate,
Kennington, London Sill. Tel: 01-1315 MU

USE ELECTRONICS TODAY INTERNATIONAL'S CLASSIFIED
(30p per word, minimum 15 words. Box Nos. £2.00 extra or £9.00 per single column

centimetre - all prepaid).
Just write your ad on the -form below and send it with your cheque, made payable to

A.S.P. Ltd, to Jenny Naraine, 145 Charing Cross Road, London WC2 OEE.

1 2 3

5

6 7 8 9 10

11 12 13 14 15

Please place my ad in the next avalable issue of E.T.I.:

Name

Address

Tel. No.

I enclose my cheque/P.O. for the value of £
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CAMBRIDGE LEARNING
SELF -INSTRUCTION COURSES

Microcomputers are coming - ride thewave! Learn to program. Millions ol jobs arethreatened but millions more will be created. Learn BASIC the
language of the small computer

f.firala takes you from complete ig-
norancer...

straightforward lessons you
will learn the five essentials of

program, debugging. clear
documentation.

step-by-step to real
proficiency With a unique style
of graded hints. In 60

programming: problem defini-
tion, flowcharting, coding the

and the most easyto-leam
computer language in
widespread use. Teach
yourself with a course which

COMPUTER PROGRAMMING IN BASIC
£10.50
Boatel Cco'outors ono what thine do wet, READ. DATA, PRINT. ooons. brackets.voutio norm, LET, errors. cooing simply otogrants
Book 2 KOH and insv 'sus' lin9MOsk fbochanwg funcituns REM anddou.onentanno INPUT. IF .THEN GO TO, lersuitons or computers. woblernnoefoicun
B ook 3 Compacts and

loops. FOR ..NEXT, RESTORE,
del:piano. Prays,bunt,* swing. TAB.

Book 4 Advanced BASIC: suOrtkiters
sung vanabok lileS. ccrminsit WocIanImenl:evinoUs olcskuy

Understand Digital
Electronics
Written for the student or
enthusiast, this course Is packed
with information, diagrams and
questions designed to lead you
stepby-step through number
systems and Boolean algebra to
memories. counters and simple
arithmetic circuits and finally to
an understanding of the design
and operation of calculators and
computers.

DESIGN OF DIGITAL SYSTEMS £14.00
B ook 1 Octal, nosolecintle and binary*

number systems. connuson between numbersystems reenesarnaton of negative nemesis:
complementary systemsBook 2 OR and AND functions:

logic pales. NOT. esclustinuOR, NAND NOR onoenchant* NOR lenCOCcoe: ne.tiple input dale, tondo tables On Morgans Laws.canoreco toms, logic convemons. Iernotith
slurping shine slate led Wend logicBook 3 Hall woos and loon ooddals.

subtfigleoS Seon41 and wallet .inners. on:censorsand Allis. mulloIckhon and deeding] SeSlenob
B ook 4 Flo IlepS, y.rt regains:

aunichtonous and SynCrennoe.oS COuntees. ring,Johnson end ascluove OR teodtrack
ccuntets. ROMS and RAMSBook B Seuclwe of cakulafcvs, keyboard

encoding, decoding depot, dale. mossosystems; control unit, program ROM. address decodingBook 4 CPU, memory OfgendeloOn;
character representation, program storage: oddnessmodes: ovhoutoul sister's: pogrom r°18"inlcs ^leeniPt prenhius c"8"'"'"^clessimuers corroaters. executive programs: 096,81.9 Valente

GUARANTEE No risk to you.If you am not completely
swished. your money will be refunded uponreturn 01 the books ofb good condition

CAMBRIDGE LEARNING LIMITED, UNIT 12A RNERMILL SITE
FREEPOST. ST. IVES. HUNTINGDON,

CAMBS, PEI 7 48R. ENGLAND
TELEPHONE ST. IVES 104801 87448
MI prices include worldwide

postage laufmatl is antra  please ask forprepayment invoiCel
Please allow 28 days for delivery in U K

Pleas,' send me She following books 
Computer Programming in BASIC vi E10.50

. Design of Digital Systems 0 £14.00I enclose a cliegue/P0 payable
to Cambridge Learning Ltdfor E.

.

(*delete where olpploi:Jille}Please charge my

*AccessiAmerican ERIHOSS/1111C
Done.% Clod. Eli.. ma Vise

Mastercharge/Trusicard

Expoly Dare Crndiu Card No
Signature
Telephone orders horn coedit Card holdout. Accepted vivo 0480 15144b(Ansofono)
Overseas customers linct Eoet I011. sera. A -an- 1114.1 sue eloollong drownon a London bank. or quote credit caul mentors
Nome

Address

Cambridge Learning Licnilad, Unit 12A, Rivermil Site
FREEPOST St Ives. Huntingdon. Combs PEI 7 4BR England
IFIegilstvi,1 rn FtAland Nu 1378762i

ILP POWER
SUPPLIES-

MOST WITH ILP
TOROIDAL

TRANSFORMERS
Spaceswing.

efficient ILP power supplies
are designed to wee you
Ilextilily In p'anning auaio
assembles. Nice of the
eleven rnodelS have toroidal
transformers nonufalured on
new costetticient high technology
machines in our own laclory. So we keep the
quality up. and the puce down,

ILP power supplies are (Unpaid)*
with all other ILP mooUleS - combine Mem to
produce almost any audit) system. All carry the ILP 5
year no quibble guarantee and include full Connection data.

So send your order on the Freepost cow oda'', today'

POWER SUPPLY UNITS

Maks lb For use aanh Price
vAt

£S. r8

Wee
ex VAT

£4
PSU30 tisueomoeueeselmsr66511103105MOSINUM01 100 rts1. Of One

MGT

The fotowng whose dm re HY6/66 sets taiusi HY67.Atch
requres the PSU 30

£9.32
PSU 36 1 2 HT 30

£0.10
PSU 92 I or 2 HY 60

C12.58 DO 94
PSU 60 1 X HY 120/HY 120P/II0 12COND 120P

C150:1 £1101
PSU65 1st MOS Oil X fiOS 120P,

01532 £13.32
PSU 70 fix 2 Hy 1213/HY120PiliD 120/HI) 120P.

C1811 015 92
PSU 75 1 or 2 WS 120/ MOS 120P

C1863 £1620
PSU 90 x HY 200/NY 70ONHD200/HD 20(1P. 11863 £16.20
PSU 95 x SI06 200r MOS 20CP Chin C16.32
PSU 180 2 x HY 200/HY 200PM0 200/HO 200Po

x HY 400/1x HY 400FM0400.010 40CP 024.51 021.34

PSU 185 10 ?MOS Main 200Pri x MOS 400 [2468 £21.461 x MOS 40".

All models incorporate ILP loroirlal translormers except PSU 30 and PSU 36
.shich inclule our own Laminated transformers.

How to order Freepost:

Die tills Coupon, or a separate sheet 01 paper. to order tnese mortutas, or any
products from other ILP 13ectroniCS advertisements Ho stamp is needed if you address tO
Freepost Cneques ano postal orders must becrmSedand payabie lo ILP FlectrOnin Ltd: cash
must be reg5lered C 0 D. - add f t to total order value Access and Barctwoard welcome
Al UN riders sent post free within 7 days 01 recap! Of older

Please send ire the loltenng
'LP modu'es

MIN

I Total purchase once

I
II encloseCneque 0

Peasedetut try ACCess/ f3atotaycard NO.

I Name

I

ISignature .1
. I

I
ET 6/3 1c to ILP [tonnes Lin Fietoosi 2 Grattan Bet House. Wet Ow

Caro Bury £12 7EP wall. Enguro
14441tro 10227)54778 Techno 10277164/23 !et. 965780

It ®II IlL III2 I
ELECTRONICS LTD 0/

STAYAHEAD.STAY WITH US

Address -

Postal Orders

- -
IM. MoneyOrder
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ICS have
helped thousands

of ambitious people
to move up into higher paid

more secure jobs in the field of
electronics - now It can be your turn.

Whether you area newcomer to the field
or already working In the industry. ICS can

Provide you with the specialised training so essential
to 111JC011111.

Personal Tuition and Guerenteed Success

The expert and personal. guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful, is the key to our outstanding record in the
technical training field. You study at the time and pace
that suits you best and in your own home. In the words
of one of our many successful students: "Since starting
my course, my salary has trebled and I em expecting a
further increase when my course is completed."

City end Guilds Certificates

Excellent job prospects await those who hold one of these

recognised certificates. you for:

Telecommunications Technicians
Radio, T.V. Electronics Technicians
Radio Amateurs
Electrical Installation Work

Diploma Courses

Colour T.V. Servicing
CCTV Engineering
Electronic Engineering & Maintenance
Computer Engineering and Programming
Radio, T.V. and Audio, Engineering & Servicing
Electrical Engineering, Installations & Contracting

Other Career Courses

A wide range of other technical and professional courses
are available including GCE.

To ICS, Dept. 5265, Intenext House,
London SW8 4UU

Name

Address

Age

STo ICS, Dept. S266, Intertext House,
London SW8 4UU
or telephone 01-622 9911 (all hours)

AD INDEX
A.D. Electronics 72

Ambit International 47

Amtron (UK) Ltd 89

Audio Electronics 46 & 60

Audio Video Services 45

Bi-Pak Semiconductors 38

BK Electronics 10 & 76

Black Star Ltd 89

B.N.R.S. 63

Braithwaite Kits 32

Calculator Sales & Service 33

Cambridge Learning 97

Chiltmead Ltd 72

Chordgate 72

Clef Products 24

Crimson Electrik 64

Crofton Electronics 45

Danavox (G.B.) Ltd 27

Delta Tech & Co 64

Display Electronics 70

E.D.A. 53

Electronize Design 86

Electro Supplies 78

Electrovalue 76

Greenbank 65

Greenweld 54

Happy Memories 85

Heath Electronics 59

Henrys Radio 25 & 58

ILP 87, 89, 91, 93, 95 & 97

LB Electronics 26

L & B Electronics 46

Lectro-Lines 59

LEM Services 91

Magenta Electronics 78

Marco Trading 82

Mawson Associates 72

Memotech Ltd 34

Micro Times 25

Midwich Computer 98

Namal Associates 82

Parndon Electronics 45

Powertran 2, 91 & 100

Rapid Electronics 8

Relay -A -Quip 46

J. W. Rimmer 93

Riscomp Ltd 41

Roadrunner Electronics 38

R.T.V.0 18

Silica Shop 14

Silicon Speech Systems 59

Sinclair Research 6 & 7

Geoffrey Snushall Auctions 38

Solid State Security 76

Strathand Ltd 78

Swanley Electronics 24

Swift of Wilmslow 82

Target Electronics 54

Technomatic Ltd 16

Teleradio 76

Tem pus 42

Timedata Ltd 32

TK Electronics 12

Transam Components 26

Videotone Ltd 87 & 93

Watford Electronics 4 & 5

Wilmslow Audio 32
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MICROCOMPUTER COMPONENTS AND SYSTEMS
LOWEST PRICU FASTEST DELIVER

NEC 12" MONITOR

* GREEN DISPLAY

* BUILT IN AMPLIFIER AND
SPEAKER

* £149.95 each excluding
carriage (C10.00) and VAT.
(15%)

* EX -STOCK*

The NEC JB1201M is a 12"
Video Monitor optimised for use
as a computer video display
terminal (unlike most CCTV
monitors available). The green
phosphor CRT display greatly
reduces eyestrain. The
built in audio amplifier and
speaker make it specially
suitable for personal computers

EPROM PROGRAMMERS AND ERASER

EP4000 EMULATING PROGRAMMER

* COPY/PROGRAMME/EMULATE 2704/2708
2716/2508/2516/2532/2732 EPROMS

*4K x 8 STATIC RAM
*VIDEO 0/P AND 8 DIGIT LED DISPLAY
* POWERFUL EDITING FACILITIES
* COMPREHENSIVE I/0 AS STD (RS232, TU.,

20mA PARALLEL DMA)

* £545.00 excluding carriage (£10.00) and
VAT 05%)

* EX -STOCK'

P4000 PRODUCTION PROGRAMMER

* PROGRAMME UP TO 8 EPROMS
SIMULTANEOUSLY

* COVERS SAME EPROMS AS EP4000
* INDEPENDANT BLANK CHECIQVERIFY

PROGRAM MODES
* SIMPLE TO USE

* £545.00 excluding carriage (£10.00) and
VAT. (151'1;)

* EX -STOCK*

UV141 EPROM ERASER

* 14 EPROM CAPACITY

* SAFETY INTERLOCKED

* ELECTRONIC TIMER

* £78.00 excluding Carriage (£5.00) and
VAT (1540

* EX -STOCK'

KEYBOARD AND ENCLOSURE

CASE Attractively styled personal computer enclosure constructed of structured foam top and steel
base (similar to the top selling Apple). Finished in charcoal and black

£49.95 excluding carriage (£10.00) and VAT. (15%)

KEYBOARD High quality electromechanical
ASCII Encoded keyboard which can be
fitted in above case or used separately. Full
upper and lower case provided

£49.95 excluding carriage (C2.00) and
VAT (15%).

TRANSFORMER Mains transformer suitable for +5V at 2.5A and ±12V at 1A Mounts on specia
lugs inside enclosure.
£10.95 excluding carriage (f1.00) & VAT. (15%)

HEATSINK Heatsink for T03 Regulators which mounts inside rear of enclose.
£2.50 excluding VAT. (15%)

SPECIAL PRICE FOR CASE. KEYBOARD, TRANSFORMER & HEATSINK IF PURCHASED
TOGETHER:
£99.95 excluding carriage (£15.00) & V.A.T. (15o/a)

Device Price

MEMORIES
21141-200ns 1+0.93

25+089
21141-300ns 1.55
(FOR ACORN ATOMI
2708 450ns 1+1.75

25+1.68
2716 45Ons 1+2.49
Onple +5V) 25+225
2716 35013 6.95
2532 45Ons 1+4.50

25+4.25
2732 40ns 1+399

25+3.60
2732 35013 7.50
4116 20Ons 1+0.74

25+0.70
100+0.67

4116 150ns 1+0.93
25+0.89

4118 200ns 1+3.90
25+3.45

4118 150ns 6.00
5516 200ns 12.50
6116 200ns 7.95
6116LP 200ns 9.50
6116LP 150w 9.95

CRT CONTROLLERS
EF6845P 9.50
EF9364P 5.94
EF9365P 52.90
EF9366P 52.90
EF936516 DATA ANO
APPLICATIONS  2.00

BUFFERS
81 LS95
811396
81LS97
811598
8726A
8T28A
8195
81974
8198

0.90
0.90
0.90
0.90
120
1.40
1.35
1.35
1.45

DATA CONVERTERS
18425E-8 3.45
78426E-8 3.00
26427E-8 5.99
211428E-8 4.75
ZN429E-8 2.10
ZN432CJ- 10 28.09
/N433CJ-10 2.59
28440 56.63
ZN432E-10 14.75
7.8447 9.14
28448 6.85
711.149 3.20

Eio FLOPPY DISC
CONTROLLERS
ED1M 17.12
1E)1791 32.61
,DI 793 32.61
F01795 35.33
W01391 45.50
W01393 45.50
.01395 45.50

1901397 45.50
W02143-01 5.45
W01691 10.87

MISCELLANEOUS
SUPPORT CHIPS
AY -3-1015 3.25
AY -3.1270 7.95
AY -3-6910 6.95
AY -5.1013 3.45
41-5.3600 7.95
AY -5-2376 6.95
DP8304 4.50
MC1488 0.59
MC1489 0.59
N1C3446 2.95
MC3448A 4.25
MC3460 7.95
MC3487 2.95
MC14411 13.94
MC14412 7.99
00-3-25131 7.25
110.3-2513U 5.99
111628038(12031 0.84

DVM CHIPS
ZN450e 7.61
ZN450E CNN KI1 25.00

NEW LLNEARS
M301 AN

LM308N
LM3116
1M3196
151324N
LM348N

0.25
0.89
0.69
220
0.30
0.59

Device Price Device Price Device Price

LM555CN 0.16 CMOS 4000 T 4543 0.99
LM556CN 0.49 SERIES 4553 2.90
LM725CN 3.20 4000 0.11 4555 0.39
LM741CN 0.14 4001 0.11 4556 0.44
LM747CN 0.70 4002 0.13 4585 0.62
LM748CN 0.34 4006 0.60

4007 0.15 74LS SERIES
REGULATORS 4008 0.55 741500 0.10
7805 0.39 4009 0.28 741501 0.11

7812 0.39 4010 0.35 741502 0.12
7815 0.39 4011 0.12 741S03 0.12

78105 029 4012 0.15 741504 0.12

78112 029 4013 029 741505 0.13

78115 0.29 4014 0.58 741S08 012
7905 0.55 4015 0.58 741509 0.12

7912 0.55 4016 025 741510 0.12
7915 0.55 4017 0.45 741S11 0.12

4018 0.58 74LSI2 0.12
79105 0.59 4019 029 741513 0.22
79112 0.59 4020 0.58 741514 0.39
79115 0.59 4021 0.80 741515 0.12
LM309K 1.30 4022 0.82 741520 0.12
LM317K 320 4023 0.17 741S21 0.12
LM323K 4.95 4024 0.35 741522 0.12
LM338K 4.75 4025 0.16 741S26 0.15

4026 0.99 741527 0.12
230 FAMILY 4027 0.30 74 LS28 0.15
280 CPU 3.49 4028 0.55 741530 012
Z8071 CPU 3.99 4031 1.65 741S32 0.12
Z80 CTC 2.99 4033 1.60 74 LS33 0.16
280A CTC 3.49 4034 1.55 741537 0.15
Z80 DART 10.00 4035 0.72 741S38 0.15
Z808 DART 12.00 4040 0.54 741540 0.12
Z80 DMA 9.95 4041 0.69 741542 0.34
280A DMA 11.95 4042 0.54 741547 0.39
Z80 PIO 3.49 4043 0.59 741S48 0.80
Z80A PIO 3.75 4044 0.64 741549 0.59
l80 S10-0 10.99 4045 1.65 741551 0.14
280A 510.0 11.99 4046 0.58 741S54 0.15
280 510-1 10.99 4047 0.58 741355 0.15
2130A S10.1 11.99 4048 0.54 741S73 0.19
Z80510-2 10.99 4049 026 741S74 0.16

PRICES DOWN
NOW MIDWICH'S PRICES ARE EVEN LOWER.

INCREASED BUSINESS HAS MEANT BETTER BUY
PRICES - AND WE HAVE PASSED THESE SAVINGS ON

REMEMBER - MIDWICH IS UNIQUE!

FOR SERVICE AU. EX -STOCK ORDERS RECEIVED UP
104 00 PM DESPATCHED SAME DAY

FOR QUALITY TOP QUALITY BRANDED PRODUCTS
PLUS OUR 12 MONTH NO-OUIBBLE
GUARANTEE

FOR PRICE LOWEST PUBLISHED PRICES IN THE
INDUSTRY

280A 510.2 11.99
MK 3886 11.00
MK 38064 14.47

5800 FAMILY
6800 2.99
6802 3.99
6803C 11.80
6809 9.99
6810 1.25
6821 125
6840 420
6850 1.50
6862 6.91
687IAR 18.70
6880 1.07
6887 0.80
68488 9.11
6875 4.18
6843 13.99
68000 4.70
68862 19.11
68821 229
68010 2.00
68840 4.70
68850 2.15
6800004 110.00

6500 FAMILY
6502 425
6520 2.99
6522 4.75
6532 6.95

8080 FAMILY
8085A
8212
8216
8224
8228
8251
8253
8255

5.50
1.70
0.99
1.95
3.95
3.80
7.95
3.60

4050
4051
4052
4053
4054
4055
4060
4063
4066
4068
4069
4070
4071
4072
4073
4075
4076
4077
4078
4081
4082
4085
4086
4093
4502
4507
4508
4510
4511
4512
4514
4515
4516
4518
4519
4520
4521
4522
4526
4527
4528
4532
4541

0.26
0.59
0.68
0.59
1.20
1.20
0.79
0.95
0.34
0.17
0.17
0.17
0.17
0.17
0.19
0.17
0.62
022
024
0.14
0.19
0.63
0.69
0.39
0.69
0.39
1.90
0.60
0.49
0.60
1.49
1.49
0.69
0.40
028
0.69
1.49
1.20
0.70
0.89
0.70
0.85
0.99

741575
741576
741378
741583
741385
741386
741590
741391
741392
741593
741595
7413109
7415112
7415113
7415114
7415122
7415123
7415124
7415125
7415120
7415132
741S136
7415138
7413139
7415145
7415148
7415151
7415153
7415155
7415156
7415157
7415158
7415160
7415161
741S162
7415163
7415164
7415165
7413166
7415173
7415174
7415175
7418181

024
020
0.19
0.44
0.65
0.15
0.30
0.75
0.34
0.34
0.43
0.21
021
023
0.19
0.39
0.39
0.99
025
025
0.45
028
0.34
0.35
0.75
0.90
039
029
0.39
0.38
0.31
0.31
0.39
0.39
0.39
0.39
0.47
0.99
0.84
0.70
0.47
0.49
128

Device Price

7413190 0.49
7415191 0.49
7415192 0.49
7415193 0.46
7415194 0.39
7415195 0.30
7415196 0.59
741S197 0.65
7415221 0.54
7415240 0.09
741S241 0.89
7415242 0.79
7415243 0.79
7415244 0.65
7415245 0.89
7413247 0.53
7415248 0.63
7415249 0.63
741S251 0.40
7415253 0.39
7415257 044
7415258 0.39
7415259 0.79
741S261 1.95
7415266 023
74LS273 0.75
7415279 0.39
7415283 0.44
7415290 0.54
7415293 045
7415365 0.34
741S366 0.36
7415367 0.34
7415368 0.49
7413373 0.74
7415374 0.74
7415375 0.47
741S377 0.89
7415378 0.69
7415379 0.64
7415386 028
741S390 0.54
74LS393 0.59

OIL SOCKETS
LOW PROFILE  TIN

8 c. 0.07
14 pc 0.09
16 pn 0.09
18 pm 0.13
20 pn 0.14
22 pm 0.17
24 pm 0.19
28 pm 0.25
40 pn 0.29

LOW PROFILE -
GOLD

8 pin
14 run
16 pm
18 pn
20 pn
22 pn
24 pm
28 pn
40 pm

022
0.29
0.31
0.33
0.35
0.40
0.42
0.54
0.81

ZERO  INSERTION
FORCE OIL
24 pm 6.30
28 pp 7.40
48 pm 8.80

CRYSTALS
I MHz
1 008 MHz
1 8432 RAH:
36864 MHz
4 MHz
6 MHz
8 MHz
14 MHz

3.00
3.45
2.50
2.95
1.65
1.90
1.95
3.45

co UHF
MODULATORS
6 MHz 3.70

MHz 4.40

DATABOOKS
THOMSON-ET CIS
6800 Data Ox.
(Inc p&p) 5.95

Data Convener
HantlbOok
(Inc p&p) 1.58

OATASHEETS
Pbotocopec Data
Sheets avalable for
roost product at 59
per page es 1)80
sod VAT Please

(mad<

OFFICIAL QUANTITY
ORDERS VISA 24 HOUR TELEPHONE SERVICE FOR DISCOUNTS

WELCOME .:11iii:,::::::, CREDIT CARD USERS AVAILABLE
PLEASE SEND S.A.E. (20P) FOR OUR NEW 1982 CATALOGUE. FREE REPLIED PAID ENVELOPE WITH EVERY ORDER. ALL PRICES
EXCLUDE P & P ON ORDERS UNDER £10 (50p) AND VAT. (15%). ALL ORDERS DESPATCHED ON DAY OF RECEIPT WITH FULL

REFUND FOR OUT OF STOCK ITEMS IF REQUESTED.

MIDWICH COMPUTER COMPANY LIMITED
DEPT ET1, HEWITT HOUSE, NORTHGATE STREET, BURY ST. EDMUNDS, SUFFOLK IP33 1 HQ

TELEPHONE: (0284) 701321 TELEX: 817670



For more than eleven years Powertran have been designing and manufacturing the finest quality electronic kits. All of
our now considerable range have featured in the electronics press and literally thousands have been bought and built
by contractors in the UK and World-wide.
Our philosophy is always the same - we offer ingenuity and originality in the construction phase by using only top
class designers. We offer machines with power, versatility and performance - capability fully equal to their factory
built rivals. We offer only the highest quality materials and components throughout to ensure years of useful and
reliable service, we offer clear comprehensive and easy to follow construction manuals to place our kits within the
scope of the careful first time builder as well as the dedicated enthusiast.
Our hallmark of success lies in the number of our clients who have built our whole range - many assembling several
units for others to use often on the professional music scene.
We believe in taking every care throughout - months spent checking and testing the design and development.
Vigorous checking of every component, constant pre -despatch quality control, careful packaging ...even door to door
delivery by Securicor!

We are naturally very proud of our Transcendent range of synthesizers designed by Tim Orr and regularly featured in
ETI. They represent the best in constructional interest and in musical performance.

TRANSCENDENT POLYSYNTH - A four octave polyphonic synthesiser with
outstanding design characteristics and versatility and performance to match.

Complete kit 075.00 plus VAT (single voice).
Extra voice (up to three morel 42.00 plus VAT.

EXPANDER - A new matching 4 voice expander to team up with your
polysynth for even a greater range and capability.

Complete kit £249.00 plus VAT.

TRANSCENDENT DPX - Offers a five octave keyboard with power to match.
Two audio outputs (can be used simultaneously) to give harpsichord and
piano/honkytonk or reed with strings/brass and both are fully polyphonic. Other
features include switchable touch sensitivity and a chorus ensemble unit with
strong/mild effect switching. An advanced design made simple with our clearly
laid out instruction manual.

Complete kit 096.00 plus VAT.

TRANSCENDENT 2000 - Although only a 3 octave keyboard the '2000'
features the same design ingenuity, careful engineering and quality components
of its larger brethren. The kit is well within the scope of the first time builder -
buy it, build it...play it! You will know you have made the right choice.

Complete kit £166.00 plus VAT.

1024 COMPOSER Come right up to the minute with this new design. It will
control your synthesiser with a sequence of up to 1024 notes - or an equal
selection of shorter sequences. The Composer is mains powered with
automatically charged battery to preserve your programme after switch -off.

Complete kit £135.00 plus VAT

... Quite simply the best way to make music

1 &

120 + 20 - Originally designed by Lexas Engineers
This is a 20 watt amplifier with true Hi-Fi performance a
a minimal cost. New features include true Toroida
transformer, new wiring, single circuit board and im
proved presentation. An ideal beginners project. Corn
plete kit 29.50 plus VAT. Also T30 + 30 -30 watt ver
sion complete kit £34.50 plus VAT

v

LINSLEY HOOD 75 DE LUXE - A 75 watt amplifie
originally published in Hi-Fi News. Superb performan
characteristics with less than 0.1% distortion. Module
construction with 14 interconnecting boards - virtual'
no wiring so assembly is easy as is subsequent checkin
and maintenance. Complete kit £75.00 plus VAT.

WORLD LEADERS IN ELECTRONIC KITS.
PRICE STABILITY: Order with confidence irrespective of any price changes we
will honour all prices in this advertisement until the end of the month following the
month of publication of this issue (Errors and VAT rate changes excluded
EXPORT ORDERS: No VAT. Postage charged at actual cost plus El handling and
documentation.
U.K. ORDERS: Subject to 15% surcharge for VAT. No charge is made for carriage,
or at current rate if changed Cheques. Access, Barclaycard accepted
SECURICOR DELIVERY: For this optional service IU K mainland only! add E2.50
(VAT inclusive! per kit. FREE ON ORDERS OVER C100.
SALES COUNTER: If you prefer to Collect kit from the factory. call at Sales
Counter. Open 9a .m. 12 noon. 1-4 30p m Monday Thursday

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3NM. (0264) 64455.




