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BBC Micro Computer System
OFFICIAL DEALER
Please phone for availability

BBC Model B f399
(incl. VAT)
Carr f8lunit
Model A to Model B
upgrade kit f50
Fitting charge f 15
lndividual upgrades also
available
TELETEXT ADAPTOR f195
WOBDWISE 8K ROtI f:xl
TORCH Z8o D|SC PACI( €825

WORD PR@ESSOR YIE'W'
16K BOM €52

PPY DISC INTERFACE
incl. 1,2 Operating System

f95 & f20 installation
BBC FLOPPY DISC DRIVES
Single Drive 5%" 100Kf230+fO carr.
Double Drive 5y4" 800Kf699+f8 carr.
BBC COMPATIBLE 5Y4" D|SC DRIVES
These drives are supplied in BBC matching colour cases
and with necessary cables.
SINGLE DRIVES: 100K fl50; 200K f215 400K f265
SINGLE DRIVES: with PSU 100K f185; 200K f260*; 400K
f330
DUAL DBIVES:with PSU 2 x 100Kf355;2 x 200Kf475*;
2 x 400K f595
'These drives are provided with a switch to change
between 40 and 80 tracks.
DBIVE CABLES: SINGLE f8, DUAL fl2.
DISC MANUAL & FORMATTING DISKETTE fl2,50

BUSINESS, EDUCATION AND FUN SOFTWARE IN STOCK_

CASSETTE RECORDER
SANYO Data B€corder DR101
A superior quality data recorder with dedicated
computer output and monitoring facility on
both record and play
€39 50 + f1 50 csrr
SLIMLINE Cassette Recorder complete with
counier and remote control
€24.50 + e1.50 carr

MONITORS
MICBOVITEC 1431 14in Co our \lon tor f23O+E carr
MICROVITEC 2031 20in Co oJ, \lc.torfil19*OScarr
KAGA 12in RGB MonitorfSS-f8-rr

id for KAGA/SANYO RGB fl0
Hl RES GREEr\ MOt\, TOR fII9+f6 carr
Hl RES RGB l\!ON.TOF 8115-fr,ar'.

PRINTERS
SEIKOSHA
Gr - lca fi75 m
c, 25CX €2!E m
G, -l,CA E{5-m
S re- iae:3Xa: l: s.
11-e€ * -x S€r = -+er3--:
f36 nl- 'a:a e rie-aceEi85

BBC BOOKS (novAr; p&pfil
Basic on BBC €5.95
30 House Basic €5.95
Programming the BBC Micro f6.50
BBC Micro An Expert Guide f6.95
Assy Lang Prog. for BBC f8.95
6502 Machine Codes for Beginners C6.95Grade Cassettes

each f450lor10+flcarr

NEC PC 8023 BE
1 20 CPS, 80 cols
Logic Seeking, Bi-
di rectional
Forward and Reverse
Line Feed
Proportional Spacing,
Auto Underline,
Hi-Res and Block
Graphics, Greek Char.
Set.
Onlv C320 + f8 carr

-N

Var en o{;niedac€s riDbons in stock
2.Om fan fold sheets 9'2 x 11 t13,50-t3 p&p

CONN SYSTEMS

RX80 and FX80
RX 80 100CPS 80 col

Tractor Feed f270

FX80 1 60CPS 80 col
F&TFeedf380

MX1 00 F/T3 f425
(Carr./printer fg)

NEW RX 80 FT f319
Carriage/Printer fB

RIBBON
CABLE
(Grev/meter)

EDGE
CONNECTOBS

01" 0156"
2xl8-way - 140p
2x22-way 19Op 2{0p
2x23-way 1r5p
2x25-way ZlSg mg
2x28-way '190p

1 x43-way 250p
2 x 43-way 355p
1x77-way 6mp
5100 Conn 6(trp

f sercnlonrrn *
2532 350P
2732 350P
2764-25 450P
27QA-25 125
4164-2 450P
61 1 6P'1 50NS 350P

I.D. CONt{ECTOBS
(SperdblGkTyp.l

No of Header Recep- Edge
ways Plug tacl6 Conn
10 90p 85p 12Op
20 145p t25p 195p
26 '175p l5o9 24Op
34 zOOp 180p 32oe
40 22Op 190p 3ilop
50 235p 200e 3lr0p

10 way /lop
16-way tIrP
20-way 85P
26-way 120p
34'way l6op
40 way 18Op
50-way 20Op
64-way 28Op

,WIRELESS

WORLD'
PROJECTS

Semiconiiuctors inc
I Cs Transistors,
Displays, Connectors and
Sockets for most projects

are stocked by us

EXPANSION BOARD
idesShrgh .sockets
e computer Ol\'l caPa
r 128K tAs consume
standbY an hlgher, in

our opinl BOMS will not
overload r cause internal
overheati re of turned Pin
tlpe gold r-merous inser
tionsind ar out or deform
them The board is fully buffered and also dimen
sioned to ensure non interference with other on
board components Full fitting instructions
supplied €25 + f2 p&p.

AMPHENOL
CONNECTORS

36-way plug Centronics Parallel
Solderfs.2s lDCf4.95
36-way socket Centronics Parallel
Solder €5.50 IDC f5.20
24-way plug IEEE SolderC5

tDc €4 75

24-way socket IEEE Solder €5

JUMPER LEADS
2a" Ribbon C!bl. with H.rderr

l4-pin 16-pin 24-9in N-pin
1 end 145p 165p 2/1op 350p.
2 ends 21Op 23Op 3/t5p ttop

24 ' Ribbon Cable with Sockets
20-pin 26-pin 34'pin 40 pin

1 end 16Op mop 280p 300p
2 ends 290p 370p 4a0p 525p

Ribbon Cable with D Conn
25 way Male s{rcp Female 550p

RS 232 JUMPERS
(25-way D)

24 Single end Male f€ 00
24 ' Single end Female f525
24 ' Femalo'Female E10 00
24 ' Male-Male e9 50
24 Male-Female er 50

D CONNECTORS
No ofways

9152537
MALE
Solder 8Op 105p 16Op 250p
Angled 150p 210p 250p :155p

FEMALE
Solder 105p 160p 200p ilir5p
Ansled 165p 215p 23Op sp
Hoods 90p 05p 90p 100p
IDC 25-wav oluq 3t59 Socket aSOl

TORCH Z.8O PACK

2xM48532Mbytes

For little more than the cost of an 800K disc drive,

availabi lty.
"CP/M is a trademark oi Digitai Research

DISC DRIVES FOB THE FORTH COMPUTER
51/a" Teac FD55 Slim Line Mechanisms.
FD55A 40 track SSDD 2sokbytes unformatted

Bare: f135; Cased: f155
2 x FD55A 40 track SSDD 500kbvtes unformatted

Cased x psu f350
FD55E 80 track SSDD 500kbytes unformatted

Bare: f180; Cased: f205
2 x FD55E 80 track SSDD 1 Mbyte unformatted

Cased + psu €475
5rla" Mitstrbishi M4853 Slim Line mechanism 80 track

1 Mbyte unformatted Bare: f225; Cased: €245
Cased+ psu €590

Single drive cable f8; Dual Drive cable f12
Other parts for FORTH COMPUTER available d SAE

PTEASE SEI{O f(lB PBICE !.IST

for details

DIL HEADERS
SolderType IDCTYPe

14prn {P 10OP
l6orn sop 1t0P
24on 100p 150P
zloDrn 200p X25P

PRODUCTION EPROM PROGRAMMER Type P8000
It will blank check, copy and.verify up to 8 Eproms at a
time. Eprom types 2716 to 27128 can be selected by a

single rotary switch.
f695 + €6 carriage.

UV ERASERS
UV1 B up to 6 Eproms f47.50
UVlT with Timer €60
UV140 up to 14 Eproms
f51 50
UV'141 with TimerfT8
lcatt L2l erasetl
All erasers are fitted with
mains sw tches and safety rn-
terlocks
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6MHz UHF
375p

8Mdz UHF
,150p

@
32 768KHz

lOOp
IOOKHz 325p
2ooKfi 12sP
Froq in MHz
1 0 325p
1 008 275p
1 9432 mop
20O 25op
245160 21OP
25 25Op
2662 25Op
3 216 l50p
3 5795 12OP
3 686 300p
4 00 150p
4 194 2OOe
443 125p
4 608 2SOp
4 915 25Op
5 0 1759
5 068 E2
6 0 17sP
6 1M 150p
1 0 l50p
7 168 175p
8 00 175p
8 86 175p
10 00 115p
l0 5 25Op
10 7 2OOp
12 00 150p
14 318 175p
14156 25Op
15 00 200p
16 00 20Op
11 1 2OOp
18 00 2oop
18 432 150p
19 968 150p
20 00 200p
2400 12
26 690 1s0p
38 6667 175p
4€ 0 175p
55 5 4oop
116 300p
145 80 250p

18 pin 50p
20 pin 66p
22 pin 759

I lP36C r50p
TlP4lA 50p
TlP4lC 55p
IIP42A 5Op
rlP42C 55p
TlP54 160p
TlP120 75p
IlP121 75p
rlP122 8op
rlP142 12Op
IlP141 12Op
TlP2955 

'8pflP4455 70p
TlS93 3op
VN1oKM 50p
VN66AF 90p
VN88AF €T
ZTX108 1Zp
ZTX300 13p
ZIX452 45p
ZTX500 15p
ZIX502 16p
ZIXfi4 18p
ZIX552 559
ZrX652 6Op
ZrX752 70p
2N6-q; Ep
2N6SA 45p
2N7mA 3op
2N76 3Op
2\9'8 a+
2NSC 18p
2\.,3: 2 36p
2\'6': EP
2\-7ii frP
2\2:C2 70p
:\2160 350p
2\22194 259
)N22224 25p
2N2369A t7p
2N2444 25p
2N2646 40p
2N29O4/5 25p
2N29064 25p
2N2907A 25p
2N2926 9p
2N3053 25p
2N3054 55p
2N3055 35p
2N3442 14Op
2N3553 240p
2N3584 250p
2N3643/4 48p
2N3702/3 10p
2N3704/5 10p
2N3706/7 10p
2N3708 10p

2SC2335 200p | 1A sov 19p
25C2612 2O0F | 1A 100V 20p
3N128 l20p | 1A 400V 25p
3N140 t20p I lA 600V 30p
3N141 l10p | 2A 50V 30p

\il:li,u'riliilffi, fi

iilffi ffi | 'iriiilss #B | "-." i;
2\S5 36p I2\5875 2S0p I

3N201 110p | 2A 100V 35p
3N204 200p | 2A 400V 45p
40290 250p | 3A 200V 50p
3N204 200p | 2A 400V 45p
40290 250p | 3A 200V 50p
40361/2 75p I 3A 600V 72p
40408 90p I aA 100V 95p
40409 100p | 44 400V 100p
40410 100p | 64 50V 80p
40594 120p | 6A l00V 100p
40595 120p | 6A 400V 120p
40673 75p | 10A a00v200p
4087r/2 100p I 25A 400V400p

6or12V0C
Coil SPDT 2A
24V DC 160p
6 or 12V DC
Coil OPDT 54
24V DC
240V AC 2OOp
6or 12V DC
Corl SPDT 10A
24V OC
240v AC 225p

@I
2 7V.33V
400mW 9p
]W 15p

3A400V 5op
6A 4O0V 70p
6A 500V 88p
8A €0V 75p
8A 500v 95p
12A 400V 85p
r24500V 105p
164400V t10p
16A 500V 130p
T2800D 130p
TIC 206D 60p
ItC226D 75p
Ttc 246D ',t10p

@
3A 400V 45p
8A 600V 'l8lrp
l2A 400V 160p
164 100V 180p
16A 400V 180p
C106D 45p
MCRl01 35p
2N3525 130p
2N4444 lAOp
2N5060 3op
2N5061 32p
2N5064 35p

alteration wlthout not ice

I

I

I

I

8275 4,lop
BzU 350p
8288 811
4755 E15
9901 f10
9902 Ei
TM54500 f14
1M55220 C12
TMS9909 e'
TMS991t 816
ZA0P10 25op
Z80AP10 280p
ZAOCIC 25op
ZEoACTC 280p
ZSOADART

700p
ZSOADMA C9
z80sl0/1/2 f9

@
2102-3L 12OP
21114 300p
2112-A 300p
2114-2L lOOp
2141 450p
216425 SOO9
27124 30 Et6
27128-25 fj20
4027-3 300p
4116-15 l20p
4116-20 gop
4118 3 ,t50p
4164-2 ,Oop
4164-15 450p
€1515 500p
453220 25OP
4815AP-3 270p
5101 300p
5516 75Op
61 16-3 4209
61 16LP'3 550p
6514-45 20op
6810 12Op
745189 't50p
745201 350p
745289 150p
93415 600p
93425 60op
93L422 950pffi
74S188 140p
745247 2OOp
745288 l/()p
14s3A1 225p
745473 A50p
745474 650p

2532 350p
253230 TOOP
25il C6
27OB 300p
2716 25OP
2132 350p
21324-35 4509
27M-25 t4 il

m
CBT6545 90op
cBT5027 818
cHT5037 f18
EF9365 t35
EF9366 E36
MC6845 S50p
t\,1c6845SP €12
MC6M7 65op
SFF96364 C8
rMS9918 f60
TMS9927 €14
TM59928 f20
TMSs929 E16

ffi
AD558CJ 775p
AD561J E2O
AM25510 350p
Ail425LS2521

e2
AM26LS31

lZSP
AM26LS32

12Sp
D1O02 390p
DAC80 f2g
DM8131 275p
DP8304 250p
DS3691 300p
DS8830 150p
DS8831 I/Op
DS8832 250p
DS8833 225p
D58836 150p
D38838 225p
D58880 'trop
1F13201 450p
MC14aB 55p
MC]489 ssp
MC3418 950p
MC3446 2S0p
MC3459 450p
MC3470 550p
MC3480 850p
MC3486 500p
MC3487 300p
MC4O24 325p
MC4o44 325p
MC14411 675p
MC14412 TSop
75107 90p
15110/12 16Op
15114/15 lGOp
15121/22 14Op
15150P 12op
75154 14op
75159 22Op
75365 ',tsop
75451/2 72p
75453/4 72p
75491/2 85p
8T26 12Op
8T28 120p
8T95/96 90p

8T97/98 90p
81 LS95/96

120p
81 LS97/98

120p
88151 20 350p
9602 220p
9637AP 150p
ZN425E'8 350p
ZN426E I 350p
zN421E f5
ZN428E-8 450p

ffi
8211 835
8272 e20
FD1111 AO
FDI7S1 f22
FDr793 123
FD]7S5 e28
FO11S1 e26
FO2793 E42
FO2191 E42
wD1691 fl5
WD2143 5s0p

ffi
8O3,251 3
U C 75Op
L C 700p
DM86564 el2
MC66760 750p
SN74S262AN

e10ffi
AY5-2376 950p
14C922 5O0p
74C923N 500p

ffi
MC1441l 700p
COM8] 16 800p
41028 750p

@
AY,3,1 0t 5P

300p
AY 5 1013P

300p
COM80l7 300p
1M6402 360p
TF1602 300p

@
(rExTooL)
24p n S75p
28 prn 800p
40 prn 975p

1802CE 650p
2650A E12
6502 350p
6502A 500p
6800 225p
6802 25op
6809 e50p
68705P35 f25
68809E fl6
8035 350p
8039 3o0p
8080A 2509
8085A 350p
8086 fj22
8088 f18
s748 €18
tNs8050 f11
TMS1601 f12
TMS9980 f20
TM59995 €',|2
z8 E24
ZS0A 300p
z80AS1 0/0/1

f9
zaoAs10/2/9

€9
2808 e,ffi
2651 112
3242 800p
3245 450p
6520 280p
6522 310p
65224 550p
6532 550p
6551 e50p
6421 toop
68821 22Op
6829 f12.50
6840 375p
58840 5O0p
6850 1lop
68850 220p
5452 ZSOP
6854 700p
6a854 .0o0p
6875 570p
8154 950p
8155 350p
8156 350p
A2O5 2,259
8212 110p
8215 100p
8224 110p
4226 25Op
a22A zrOP
8243 28Op
8250 85Op
8251 25op
4253 390p
8255 2SOp
8256 E36
5251 ,loop
825S {Oop
a271 136

@
I pin 9p

14 pin 10p :

16 pin 'llp i

8FY50 24p
BFY51/2 24p
8FY56 33p
BFY90 80p
BRY39 45p
BSX19/20 24p
BU I04 z6p
8U105 190p
8U108 23Op
B U 109 25p
8U126 150p
BU180A 120p
8U205 2OOp
8U208 200p
8U406 145p
BUX80 600p
BUY69C 350p
E31 0 50p
MJ802 400p
MJ2501 225p
l\4J2955 90P
1v1J3001 225p
MJ4502 00p
MJE3{ 50p
MJE2955 lOOp
MJE3055 70p
MPFI02 Up
MPF]03,'4 30p
lvlPFl 05 30"
MPSAffi 3F
MPSA12 sop
MPSA13 sop
MPSA2C 5Q
vPSs2 5Q
vPS#3 soP
\tPsrf 34
\(PSA,-: 5q
vDS{a3 1op
\rPS-S 63p
\,!"s,:, 60f
\4PS-4: 90F
\les-,65 7S-iP29t 35p
- ?29C €p
irFIA 35p
T|P3JC 4OP
ilP3l A mp
TlP3l C 45p
T|P32A 45p
T|P32C 40p
T|P33A 70p
T|P33C 80p
T|P34A 90p
T1P34C 1209
TIP35A 120p
T|P35C 140p
T|P36A 1400

40245 ',180p
40251 l60p
40373 150p
40314 160p
14"4,11 700p
14412 800p
14416 380p
14419 200p
14490 350p
1r'/95 30Op
14500 700p
14599 29{)g

@
14C925 e4
74C926 E5
74C928 f6
72168 t22
ZN 1 040 570p

4-way gop
I'way 120p
6'way €1O5p

8C107/A 13p
8C109C 14p
8C169C 12p
8C172 12p
BC177iA 17p
BCl7s 18p
8C182/3 1op
8C184 llp
8C187 30p
8C212/3 11p
8C214 12p
8c237 15p
8C321 15p
8C337 16p
8C338 t6p
8C461 25p
8C471/A 3Op
8C516/7 40p
8c5478 11p
8C548C 12p
8C549C 16p
BC557B 14p
BC559C 16p
BCY70 18p
BCY7] 2:2P
8D131 75p
8D132 8Op
8D135/6 4Op
80139 itop
8D1{ 1op
8D189 6Op
8D232 6Op
8D233 75p
8D235 85p
sD24! 6Op
40242 5@
9D3?3 60p
3D3€C 6op

3F243 59
3F2553 $p
3F25; S r2!.
3;33; 309
3Fq39 75p
3Firc' ap
3F8-9 25p
3FB8i - ap
9FH96 l80p
BFX29 aop
3FX30 21p
8FXe. s 40p
BFX86 7 27p
BFX88 27p
BFX89 180o

40m 55p
4063 9Op
4066 21p
4067 23p
4068 11p
4069 14p
M10 14p
4011 14p
4012 14p
4013 14p
4015 14p
4016 48p
40j7 16p
4078 16p
4081 14p
40A2 15p
4086 55D
4089
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115p
35p

180p
50p
55p

900p
50P
7op

9OOp
90p
200p
240p
zOOp

150p
140p
70p
70p

'175p
1 80p
't 80p
36p
36P
35P
35p

12Og
12Op
060p
12O9
OASp
12Op
O7 5_p

90p

7 4L5279
741S280
741S283
741S290
74L5292
741S293
741S295
7 4L5291
741S298
741S299
74L5321
741S323
7 4L5324/

624
741S348
741S352
741S353
7415356
741S363
741S364
741S365A
741S366A
741S357A
741S368A
741S373
1 4L537 4
741S375
7 4L5311
741S378
741S379
741S390
741S393
741S395A

1426s 55pj42j3 1 5Op
74276 12Op
74278 loop
74219 55p
74253 50p
142A5 160p
742a6 160p
14290 15Op
14293 90p
7429A 120P
74351 150p
74365A 4ap
743664 ilSp
74361A a8p
7 436A4 8p
74376 10Op
74390 90p
74393 150p
1M9O 12Op

@
741500 2Op
741501 2OP
74LSO2 2Op
74LS03 2op
741504 2op
741505 zop
741508 2Op
741509 2Op
741510 2Op
741511 20p
74L512 2Oe
74LS13 2sp
74LS14 45P
74LS15 20p
14L520 2op
14L521 2op
14L522 2Op
74L526 2Op
74L527 2Op
14LS2A 2Op
74LS30 2Op
14L532 25p
74LS33 2Op
74LS37 20p
74LS38 2Op
74L540 2Op
14L542 45p
14L547 6Op
74LS48 6Op
74LS51 2Op
74LS54 2Op
741555 2Op
74LS73A 20p
74LS74A 30p
741575 36P
74LS16A 27p
74LS83A rl6p
74LS85 50p
74LS86 25p
74LS90 32p
741591 60p
741592 /l(}p
74LS93 32p
7415958 50p
74LS96 90p
74LSl07 33p
7415109 33p
7415112 33p
74151 13 30p
74L5114 32p
74L5122 6Op
7415123 6lrp
7 4L5124/

629 15Op
74L5125 45p
7415126 45p
74L5132 42p
7415133 30p
74151 36 3Op
7415138 42p
74151 39 42p
7415145 gOP

74L5141 12Op
74151/l8 l20p
74151 51 50p
74151 53 sop
7415154 150p
7415155 4Op
7415156 ,top
74151 57 itop
74151 58 35p
74LS160A ooP
7415161A oop
7415162A 75p
7415163A gOP

7415164 6op
741S1654 75P
74151 66A I 2OP
7415168 14Op
7415169 110p
74LSl70 1oop
74LST 734 1 2Op
74LS I 74 eop
7415175 54p
741S181 120p
741S183 120p
7415190 6Op
7415191 60p
7415192 ilp
7415193 ilp
7415194A 50p
7415195A 50p
74LSl 96 6Op
7415197 54p
14L5221 SOP
14L5240 12OP
14Ls241 12oo
14L5242 75P
14Ls243 75e
14L5244 14Op
74LS245 175.9
74L5247 70p
74LS24A 7Op
74L5249 7Op
74L5251 45p
7415253 45p
7415256 200p
14L52514 45p
7415258A 45p
14L5259120P
741S260 35p
74L5261 80p
74L5266 zbp
14L5213 14op

25P
25P
25P
30p
90p
9oP
25p
25P
25P
259
25P
40p
60P
3ap
3ap
25p
25P
30P
30P
35p
30p
30p
30p
25P
30P
25P
259
60P
36P
25p
70P
soP
7oP
9op
oop
75P
9oP
259
25P
25p
259
30p
30p
30P
3op
tlo0
40D
3sp
4sp

1 2Op
12Op
75p
90P
90P
36p

1 7Op
459
8oP
50P
45p
9op
4ap
60p

12O9
12Op

5op
55p
45P
45p
6op
55p

17Og
'1209
'120P
lOOp
lOOp
40p
459
90,
5oP
50p
7oP
43P
45P
7op

1 75p
2OOp
2Oop

9op
12Op
1 2Op
15Op

6oP
6op

1 2op
55P
55p
55p

1 5Op
55p
55p
55p
55p
5oP
15P
9op

zct{JP
150p
25Op

65e
60p
60p
55p
50p
9op
9op
55P

1 40p
5op

12Op
12OP

8oP
60p
6op
60p
5oP
50p
48P
48P

120p
120p
1@p

60p

7401
7402
7 403
7 404
7 405
7 406
1401
7404
7409
1410
7 411
7412
7413
7414
7416
7417
1420
1 421
7422
7423
7425
7426
7427
A2A
1430
1432

7437
1434
7439
744o
7441
7 M2A
14,U
14/5
7 4464
7441 A
7444
1450
1451
1453
7454
7460
7470
7 472
7 413
7474
7475
1416
74AO
7441
7482
7483A
74A44
7445
7486
7449
7490A
7491
7 4924
74934
1494
1 4954
7496
7497
74100
74104
74105
74107
74109
74110
14111
74112
14116
74118
74119
7 4120
74121
7 4122
7 4123
74125
74126
74128
14132
74136
74141
74142
74143
7 4144
74145
7 4141
1 4148
14150
1 4151 A
14153
1 4154
14155
14156
74157
7 4159
74160
14161
74162
74163
74164
74165
74166
14167
14170
14112
14173
14114
14115
74116
74117
74114
7 4179
74180
74141
u1a2
74184
74185A
741 90
74191
7 4192
74193
74194
74195
74196
14197
74198
7419S
74221
1 4251

1 oop
7415399 120p
7415445 100p
7415465 t20p
7415466 120p
7415467 ',t20P

7415490 130p
741554 120p
741S541 150p
7415608 700p
7415610 f19
7415612 819
7415624 150p
7415626 't50p
7415628 150p
7415629 1sop
7415640 21)0p
741S640-1

25@
74LS64l 2@p
14LSU21

250p
7415643 200p
7415643 1

250p
74L5644 2oop
7415645 200p
741S645,1

25Op
7415668 70p
7415669 70p
7415670 120p
7415674 550p
7415682 250p
7415684 4O0p
7415687 a60p

@
7{500 30p
74502 30p-
74504 30p
74505 60p
74508 60p
74510 rlop
7451 1 50p
74520 40p
74521 50p
74522 50p
74530 40p
14532 70p
14537 50p
74551 75p
74574 75p
74585 45op
74586 90p
145112 90p
74S1 1 3 90p
145114 90p
745124 3OOp
145132 1l0p
74S133 60p
74S138 110p
74S139 120p
74S140 60p
74S151 180p
74S153 180p
74S1 57 250p
74ST 58 195p
74S1 63 30Op
745174 25Op
74S175 320p
74S188 15Op
745194 3O0p
74S195 30op
74S196 3mp
74S200 45Op
745201 320p
)15225 O50p
145240 2500
745241 3mp
1452& ffi9
745251 250p
745257 250F
145258 250p
145260 10p
745261 300p
745262 850p
74S283 300p
1452a1 22Sp
745288 150p
74S299 550p
745373 400p
743374 400p
745387 250p
145412 1150p
745414 {OOp
745415 A25p
745571 620p
745573 900p

74CO0 20p
74C04 zoe



MUIIARD SPEAKER KITS
Purporetully de.ignod 40 won R M S ond l)
wan R M S Sohm lpeokerrys!6m! r6c6ntly
d.veloped by MULLAFO'S spoci6li3t t6Em in
Belgium Kits compris Mullard woof€r i8' or
5") wilh foam suround and aluminium voice coil
Mulla.d 3" high power domed tueerer B K E

buih and tested crossover ba*d on Mullard
circuat, combining low lo$ components, glas
fibre board and rece$ed loudspeaker termlnals
SUPERB SOUNDS AT LOW COST Kits supp|d
in polystyrene packs complpt€ with instucrions
8" 40W syslem - iecommended cabinel size 240
\ 216 x 445mm
Pric6 f14 g) oach + CI m P & P
5" 30W syst€m - recommended cabinel size
160x175x295mm
Pric6 f13 90 66ch + fl 5() P I P

Oesigno. approved flat pack cabiner kils
including grill fabric Can be finished with ion on
veneer or slt adhesive vinyl etc
8" syslem cabinet kit f8,U, o8ch + f2 g) P I P
5" system cabinet kit f, q) o8ch + t2 ff) P & P

The very best in quatity
and value.

Ported tuned cabinet in hard,
wearing black vynide with protec-
tive corners and catry handle Built
and tested, employing l Oin British
driver and Piezo tweeter Spec: gO
watts RMS; 8 ohms; 45Hz-2OKHzi
Size: 20in x 15in x 12in; Weight:
30 pounds

Price: E49.OO each
€9O per pair

Carriage: €5 each €7 per pair

Prompt Deliveiles

VAT inclusive

pnces

Audio Equipment

Tast Equipment

by

Thandar

and

Leader

HOBBYKITS igns inctuding glass
fibre printed rd and high quality
components ith instructions.

FM MICROTRANSMITTER (BUG) 90/1O5MHz with very sensi-
: !e rrcrophone 'Flange l OO/3OO metres. 57 x 46 x l4mm (9 volt)
fti€: €7.99p
DIGITALTHERMOMETER-99 Cto+999 C LEDdisptay Com-
; Eic r,:F sensor 70 x 70 mm (9 volt) Prlce: €27.6Op
3 WATT FM TRANSMITTER3 WATT 85/115MHz varicap con-
:-: :r tr-3'essionalperformance Rangeupto3miles35xg4x 12'- - 2 ..:, Plica: 912.49p
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/
RECEIVEB 2-l,lHZ Ranqe up to 500 metres Double coded mod-
-:: :- ;.:3 .sr output operates relay with zamp/24O volt
::-::::s t3:'.rranyapp ications ReceivergO xTOx22mmgl-: ,: : fti€: 816..19 Transmitter 80 x 50 x 15 mm (9/i 2 volt)
hie €10.29 P&F Alt Kits +sop- S.AE. for complete list.

STEREO CASSETTE TAPE
DECK MODULE
Comprisrng ofa top panel and iape mechanis -oulm:j
a record/play back printed board asembly Suppliqj &
one complere unit for horizontal installation inro cabirei s
console oI own choice Thes units are brand ns .e6
built and tested
Fsatu.os: Three digh tape counler Auton@ Srr cbB
type keys, record, rewind, fast foeard, ptay, srm .E
eied Automatic record level conrol Main rnpus 

'4s€condary inputs tor stereo m'crophm6. lqd
Ssnsrtivity: 100mV to 2V. lnput lmp*nE: 5aR
Output lovol:400mV to Mth ieft
channels. Output lhp6dance: 10K.
ratio: 45d8. Wow and flunon 0.1 %
roquiroments: l8V DC al 300mA ConffiE -a:
left and righl hand stereo inpu6 6nd nrc 

-= 
!=

individual screend leads, all lermiErd # re IG
eroioE: TE i€ :ir
u#:( ffi ::.
d€€rar 3- 

-E^:lvtr h+.
Piics e26.m + f2.50 Nas am F T
Suppleme.tary pads fd I8V D C -p ur..
(tansformer, brdge Eiffier Erc ffirc ::.:r

BSR PZ56 TURTTABLE
::t -- ::: :_:s: a S s.a9$ ione arm
a :: :_.:- a :,--!- gjeiler a
:-!: : :. :: a a'aa a---'-' :=:_:= a Ani
:t:: ::: ::.:: a l:-r?: :-e.tr eler
a -a, : :: r:i_:_r_ -: a :._ J-'
a-.:-a :-a-- =r a -:.-la:1. -e--a a'-

I a::. -:: : :t-::-: . -:_-: :.- :_l :LOUDSPEAKERS POWER FANGE
THREE OUALITY POWEB LOUD.
SPEAKERS (15 , 12 and 8 See Ph.lc'
ldeal for both Hi-Fi and Disco applica-
lions A i un ts have atlractrve casi a u
nilnrLinr (ground lrn sh) firrag escuianea-s
Specilication and Prices
15 1OOwatt R M S lnrpeca.le3.-hn s
50oz nragnet 2 aiun.rn ux.!caecc Fes
Freq 20 Pz Freq Resp l. I 5KHl Se.s
97dB Pr ce 134 0O each + !3 00 PaF
12" lOOwattF M S mpedanceB oh.is
50oz magnet 2 alunr nurrvoceca, Res
Freq 25Hz Freq Resp 1o 4 KHz Sens
95dB Pr,. e r/{ )0 Pd, r +, J 0O o&P
8" 50 watt R M.S. lnrDedance 8 ohms 20
oz magnet 1 /'alunr niumvorcecorl Res
Freq 40Hz Frcq Fesp lo 6 KHz Sens
g2dB B ack Cone Pflce: [9 50 each A so
avarlaLlie w lh l)lack proterjlrve gr le Pr ce
Cg gg e.ch PEP Cl 50

12 85 WEIT R M.S MCKENZIE C1285GP (LEAD GUITAR, KEYBOARD, DISCOI 2"
aluminium voice coil, aluminium centre dome, 8 ohm imp , tles Freq 45H2, Freq,
Resp to 6 5KHz, Serrs, 98dB Price: €23.OO + C3 carriage
12" 85 watt R.M.S. MGKENZIE C1285TC lP A., DISCO) 2" aluminium voice coil Twin
cone 8ohm imp,Res Freq 45NZ,Frcq Resp tol4KHz PriceE23+l3carriage
15" 150 watt R M S. MCKENZIE C15 (BASS GUlTAn, P A.) 3" aluminium voice coil
Oie cast chassis 8 ohm imp , R* Freq 40Hz , Freq Resp to 4KHz Prico: f47 + f4

POWER AMPLIFIER

MOSFET versions available up to 300W. R

New model.
I mproved specif ication

NEW OMPlOO MK II POWER AMPLIFIEB
MODULE Power Amp rl er Modu e complete
wrth rnte9ral heal s nk torotdal lranslormer
power supply and glass f bre pcb assembly
lncorporates drive c,rcu t to power a compatible
LED Vu meter New improved specilicalion
makes thls amplif ier deal lot P A lnstrumenlal
and Hi-Ft applicalions
SPECIFICATION
Output Power:- 1 1O watis R M.S,
Loads:- Open and short circuit proof 4/1 6
ohms.
Frequency Besponse:- I 5Hz - 30KHz -3d8.
T.H.D.:- O Olo/o.
S.N.R. (Unweighted):- -1 1 8dB a3 5dB
Sensitlyity for Max Output:- 5OOmV @ 1OK.
Srze:- 360 x 1 1 5 x 72 mnr Pilce:- t3 l 99 +
[2 O0 P&P Vu N4eter Price:- f7 OO -i 5Op p8p

HOME PROTECTION SYSTEM
Better to be'Alarmed' then terrified
Thandal s lamous'Mindet BurglarAlarm System.
Silpeilor nrcrowave pr nciple. Supplred as lhree units,
complete wrth interconnection cable FULLy
GUARANTEED.
Control Unit HoLses microwave raoar Lnrl. nae
rp lo r5 metres aoiJStable bv sensitrvrtv c 1r-o.l
Trrep pos,tro.. key operated lac a switc^ -b,t lestl

second exit and entry delay.
m - E ectronic swept freq siren
t.

Outdoo. A!arm - Electronic swept freq. siren gSdB
output. Housed in a tamper-proct heavy duty metal
case
Both the control unit and outdoor alarm contain re,

buttons etc Complete wiih instructions

SAVE t128 Usual pilce C228 85

BKE's PRICE e 99.papeq
SAE lorcoourbrochure

PIEZO ELECTRIC TWEETERS MOTOROLA
Jorn the Piezo revolution The low dynamic mass (nrt vorce coil) of a

P ezo tweeter produces an improved translent response rvith a lower
d stortron level than ordinary dynamrc tweeters As a crossover is not
required lfrese unrts can be added to existlng speaker sVstems of up
ro 100 watts imore rf 2 put rn seres\. FREE EXPLANATORY LEAFLETS
SUPPLIED WITH EACH TWEETER

TYPE'8'

TYPE 'A (KSN20354) 3 round \ryrih Drorecilve
r\ re mesn rcieal for booksheil Bfd medrunr
s,zed Fir fr speake's Price E4 29 each.
TYPE 'B (KSN10O5A) 3 , super horn For
gEn:ra purocse soeakers C sco and P A
svs'e-s eic Price e4,99 gach

TYPE C'iKSN6016A)2 5 vlrdedspersion
hc.. Fo. qlai i\ h f slsiems and qua rtv
orscos e!. Prica 85.99 68ch.

TYPE D' IKSN'1025A)2 6 w de d spe'slon
norn Upce' frecu.na\ respcnss .ela ned
e\ienCinc Coy,. :c -,d ra.ge i2(Hz Surlable
Ior h q- ara !:! HL r s!sle-is 6"C qual Iy
Crsc03 Price e7 99 each,

TYPE 'E'(KSNlO38Al3+i horn tueeter with
altractrve si !er f n sh t.:^i Sr i3bre {o. Hi fi
mor tcr sysr3Ts ei. Prica 94,99 €Bch.
TYPE 'F (KSN10574) Caseo rers'or --f type
'E' Free stand no sa1e,l tE lweere' Periecl
add on tn,eeler ior coavcniicn3 crCspeaker
svstems Price f10 75 each
PSrP mp oa, (or SAE for Piezo le8fl€tsl.

TYPE'E' TYPE 'F'

OMP PROMIX MONO DISCO MIXER
\As ,llusr.aied) 4 l1c-ts: -2 Ny'ao Dtsc.
I Au' plJS,Vic wtlhoverr de.Acti;ebdss
and trebe tone cont's lndivrdual level
contros plus master voume Monitor
o!tpul lheadphone) torall rnputs
Output: 775mV Supgly 24OVac.
Srze:19 x5ia x21,".
Prce: C49 gg +i2 O0 P&P

EIEE! Stereo version
as above price 169 99 +t2 p&p

I

I
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555CMOS 80 tCL7106 680
556CMOS '150 tCLT6tt 95709 25 tcLj62.t 180>741 14 tCL7622 180748 35 |CLBO3S Zgs
940OCJ 350 tCL8211A 2OO
AY-3-127O 12o titfi224 tA6
AY-3-8910 37o tcM75s5 8o
AY-3-8912 540 >LF3S1 45
cA30,l6 60 1F353 85
>c43080 55 LF355 90
cA3089 190 LM10 325
CA3090AO 375 Lt\4301A 25
cA3130E 85 LM31 1 so
>cA3t40E 36 LM318 120
ca3 t 61 E t 00 LM324 30
cA3l89 290 LM334Z 100
>c43240E 100 LM335Z 125

LM339 40 Ll\43911 12o NE566 140
LM348 60 LM3914 225 >NE567 10O
LM358 50 LM3915 225 >NE570 370
Ll\4377 '170 LMI36OO tOS NE57l 370
>LM380 75 MC14g6 6a >8C4136 55
>L[4381 120 MCa34O 135 >RC455A 40
LM382 120 >MFloCN 350 sl/r80 170
LM384 130 ML922 4{D sL49o 2fi
LM386 90 tltLg2a 195 SL760l8 r50
LM387 120 ML925 210 xN76477 380
L[4393 40 ML926 140 SP8629 250
LM7o9 25 ML927 1/rO TBA120S 70
LM711 50 Ml32a 140 T8Aa00 1a
Ll\4725 350 MLS29 1ito TBA810 96
Ll\4733 75 MM5387A {55 T8A820 70
LlvlT4t 14 NE529 225 TBA950 2n
Lr\4747 60 NEli:]l 140 TOA1008 320
Lt\41459 40 NE544 205 >TOA1022490
LM2917 200 >NE555 :8 TOA',to24 125
LM3900 45 >NE556 45 TL061 40
>LM3gog 75 NE565 1 lo TLo62 50

TLOeI 96
11071 30
1LO12 45
7L074 96
>TL081 25
TL082 45
TL0S4 90
TL170 50
uA2240 120
uLN2003 70
uLN2004 70
xF2206 29O
2N414 80
2N423 r35
2N424 'r3s
zN425E 360
zN426E 300
zN427E 600
ZN42BE 410
2N459 255
zN1034E 200

@
20 metre pack single corB connect-
ing c€ble ten differentcoloure. 75p
Speakn cable 'lop/m
Standrrd scrsensd 16p/m
Twin screened 24plm
2 5A 3 core meins 23plm
10 way rsinbw ribbon 26plft
20 mv rainbow ribbon 4lPlft
10 way gery ribbon . 14Pllt
m My grry ribbon 2apllr

PP3 bettery clips
R6d or blEck creodile clips
Black pointer control knob
Pr Ultrasonic transducsrs
>6V Electronic buzzer
>1 2V El.ctronic bozzer
>P82720 Piozo transducer
>64mm 64 ohm spesker
>64mm 8 ohm sp€ak6r
20mm pan6l fusoholder

6
.6

15
390
60
65
75
70
70

PolyBer, Edisl l€ds. 25Ov C280
tyrr 0 01, 0 01 5, 0 022, O 033 -
6p; O O4?, o 068, 0,1 - 7p; 0,1 5,
0 22 - Spj 0 33, 0 47' l3p;0.58 -
mpi 1u - 23p
El€ctrolytic, rBdi€l or axial l@d.:
o 41 l63V,1 t63V,2 2t63V,4 7163V,
10125V .1pi 22125V,17125V - b:
1OO l25V . 9p ; 2fr l25V - 1 + t
41ol25v - 22pt 1(ftrl25v . 3Oo)
220o125V - Wp
TEg end po@r !upply elerrolytics:
22OO|4OV - 110Et 47OO|4OV ' 1 60p
2200/63V - 140p;4700/63V - 230p
Polv$ter, ministur€ Siem6ns PCB:
1 n, 2n2,3n3,4n7,6n8, I 0n, 1 5n, 7p;
22n, 33n,47n, 68n, 8pi 1@n, 9o;
1 50n, 'l t p;220n, 13p,330n, 20p;
470n 16p;680n, 29p; 1u 33pj 2u2,
sop,

Tentalum b€sd:
0,t, 0.22,033, 047. 1 0 @ 35V.
12p. 2,2, 4 7, 10 @ 23v - 2Op;
1 5 | 16V - sop ; 22 l16V - 27 p i 33 I
16V - 4*;47IAV - 21p;47l16V -
70p; 68/6V - 40o; I o0/1 0V - gOD.

78L05 30 79L05 45
1AL12 30 79Lr2 45
78L15 30 79L15 45
7805 35 7905 40
1A12 35 1912 40
78t5 35 7915 40
Ll\4309K l3o Ll'r723 35
LM31 7K 27o 78H05 550LMs17T 90
LM323K 420

Rotsry C€rbon track Log or Lin
1 K - 2lvl2 Sinsle 32p, St6reo 85p
Single switched 8Op, Slide 60mo
travsl single Log or Lin 5K - 500K
63p sach.
Prftet submin, hor 100 ohmi'1M

8C517 40 8F337 40 MPSU56 60 ZTXl08
sc547 7 BFR40 23 ftP2g{ 30 ZTX109
8cs48 10 BFR80 23 T|P29B 55 zTx300

8C117 1g 8C237 I EFt97 12 MPFIO2 40 Ttp3oSS 55 2N2904A
8C119 35 8C238 14 BF19B 10 lrPF104 40 TlS43 40 2N2905
BCl37 40 8C308 12 8F199 19 IUPSAOS 22 TtS44 45 2N2905A
8c139 40 8c327 14 sF200 30 t\4PsAo6 25 Tls90 30 2N2906
Bci4o 28 8c328 14 >BF244B 22 MpsAl2 30 TIS91 30 2N29o6A
ircrlt 30 8c337 14 8F245 30 MpsAss 30 vNloK[4 50 2N2907
8c142 25 6c338 14 BF256B 45 MPSA56 30 VN46AF 75 2N2907A
8C143 25 8C477 30 8F257 32 MPSUOS 55 VN65AF 85 2N2926
sc147 8 8C478 30 8F258 25 MPSUO6 55 VN88AF 95 >2N3053
8C148 I 8C479 30 8F259 36 MPSUs5 60 ZTX',lo7 10 2N3054

10 2N3055 50
12 2N3442 12O
14 >2N3702 I
16 2N3703 S
15 >2N3704 I
17 2N3705 I
30 2N3705 I
15 2N3707 l0
15 2N3708 1o
15 2N3709 10
18 2N3172 170
25 >2N3773r95
20 >2N3819 20
40 2N3820 40
20 2N3823 65
20 2N3866 9o
35 2N3903 10
22 2N3904 10
30 2N3905 I
45 2N3906 10
25 2N4037 45
25 2N4058 1o
20 2N4060 10
25 2N4061 10
16 2N4062 lo
25 2N5457 36
45 2Nt458 36
20 2N5459 30
20 2N54a5 36
22 2N5111 45
22 2N5027 30
25 40360 40
25 40361 50
25 40362 50
25 404@ 70
I

23
55

7p e6ch
C€rmet precirion multiturn,0 75W
%" 100 ohms to 100K - 88p s8ch.

F-*i$,tie^ !i@ ,,*ooo, 3
8Y127 12 1N4002 5
oA47 10 1N4006 1

OASO 8 1N40O7 7

OA91 7 1N5401 12
OA2OO I 1N5404 16
OA2O2 I 1N5406 11
't N914 4 4oomwzen 6
>1N4148 3 13Wzsne6 13

L€ngth 14pin 'l6pin 24pjn 40pin
S0l€ 6ndsd DIP(hs6der plug) iumper
24 in5, 145 165 240 380
Dble snd6d DIP(heeder plug) jump6r
6 ins. 1 85 205 300 465
'12 ins 195 215 315 490
24 iN. 210 235 345 540
36ins 230 250 375 5S5
25 My D Connector jumpo13
1 8ins. long 5ingle end6d mEle 495p
1 Eins long 3ingl€ end€d I lmele 525p

Mullard minieture cer6mic pl€te:
1.8pF to 100pF 6p s6ch

;

oF .22o: 2-22oF . 3Oo:5 5€5o F . 3 5o

>3mm r€d 7 >smm r6d 7
>3mm green 10 >smm gr66n 10
>3mm y6llowlO > smm V6llow'10

A 200v 40
A 400v 45
A 100v &

64 400V 95
1A 50V 20 VM18 DrL0,9A
1A 400V 35 200V 50

Rect6ngulEr TlL32 40
>r6d 12 TlL78 40
grs.n 17 >TlL1ll 60
yellow 17 oFP12 85
>Ttul8 40 TtL100 70
2N5777 45 Dualcolour 60
S€v€n segmenl displaysi
Com oEthod€ Com anode
DL704 0 3" 95 DL707 0 3" 95
>FND500 FNO507
0 5" 100 0 5" 100
TtL313 0 3"115 TlUlr203'115
TrL3220 5' !15 TrL:121 0 5-115
LCD: 3% disir 495p 4 digrt 52Q

ZXgl 2 x 23 wEy edge connector
wire wrsp suitable for zx81
add-ons 1 50
SPECTRUI4 2 x 28 w.y ed@
conn6ctor wire-wre suitable lor
SPECTRUI4 add-ons 2AO

Grev RilM dle, Price pd f@t
lOHy 14 34@ 58
16q 25 'rcEY 68
nw 2a fiw 90
218! 38 60 EY 100

PCB Smket Eds
Plug Conn,
Straieht

10 @ 90 85 12O
16@ 130 llo 175
m@ 145 125 195
26My 175 150 24O
34 My 2os 170 32O
Q Ry 2m 190 340
sow 235 2@ 395
m w 330 230 495

9way 15way
Plugs solder lugs 60p 85p
Rightangl€ lmp 180p
Sockets lugs gop 130p
Fight ansle 160p 21Op
covers 100D goo

AnEx CS lI{ Sd&ins ird 495
23 ad 4 7mm bi3 ro eir e5
CSlkxS2Sl#r 210
tuEt XS 25W 525
33sd47ffid5rclir 85

:(H 5I Ctu tlm E12 r.* 1 1

*f, , 1orr' 1c .fr
:aw 5& Cytr f,lm El2 -G 4 ?

onn ro 4Vl b 8h
:w 1 I ffi iiin E24 cn6 10
dh-]ll +)e-h

AfE rEEfu 3he! - pl@ rtde
wleg DILF&etc) 45
Dlo fth €iiEnt En 90
FIH 916 brd 3,75 x 8" 80
Fi&e gid bard 8 x 12" Vn
Ferric Chlorid€ crysEls 100

3x2xl" 65
Plasric Sth lid 4x2y.x11A" 95
&$re# 4\2hx2" 95
3x2x1" 55 6t4x2" 12O
4h\3\1%" 8 7x5x2{," 165
1 x4x2" 160 8x6x3" 205

DIN Pluq Skt Jftk Plu! Skr
2 pin 9p Sp 2 hm 10p lop
3pin 12p 10p 3snm 9p 9p
Spln 13p lip Standardl6p 20p
Phonolop 12p Stereo 24p 25p
1mm 12p 13p 4mm 18p 17p
UHF {CB) Connectors:

-PL259 Plus 40p Reducer 14p
SO239 square chassis skt 38p
SO239S round chassis ski 40p,
IEC 3 pin 25OV/6A
Plug chasri! mounting 38p
S@ket free hansing 60p
s@ket with 2m lead 12Op

Sre rcz€;6Elft
10.]eBZbqrcc-

rc
i00 @fij: ;E ffi

ffi 10 4019 25 4a
ffil 10 4O2O 42 40
4@2 12 4021 40 4U
4006 fi Q22 45 40
4007 14 4023 16 40.
4008 36 4024 33 4Ol
4009 24 4O2s 12 4Ol
4010 24 4026 75 40
4011 10 4027 20 40
4012 15 4028 40 40!
40t3 20 4029 4s 40i
4014 45 4030 14 40!
401 5 40 4031 125 401

3 65 4528 45
60 4529 150
32 4s32 60
35 4534 400

rr0 4538 60
45 4543 50
40 4549 360
40 4553 21 5

1r5 4555 35
115 4556 35
55 4559 390
40 4560 140
50 4584 35
96 4585 60
60 4124 140
50

@
VEFOBLOC< 390
Size 0 1 matrix:
25x1 22
25 x3 75 15
25x5 85
375x5 95
VO bo6rd 160
Veropins per 100r
Single sided 50
Doublo sid6d 60
Spot fac€ cutter 130
Pin ins€rtion tool 162
Wirins pen 330
Sp.re spool 75p Comh 5

Nowyour computer can talk
The Gl SP0256 speeh pr@rlor
is abla through stored prqram to
synth4ize sp.6ch. Allophone
(extended phoneme) svstem Eiv6s
unlimited v@EbulEry

sPsT 55p SPDT 6op DPDT 65p
Minialure toggle:
SPDT 8op SPDT c€ntrs off sp,
DPDT 90p DPDT c8ntr€ off loop,
SBndard toggle:
SPST3Sp DPDT4Sp
Miniaturs DPDT slide 14p
Pu.h to m6ke 14p,
Pu3h to brmk 22p
Rolary qp6 adjustable stop
1Pl2W, 2P6W,3P4W all 55p .ach,
Dl L switches:
4SPST 8Op 6 SPST 8Op &SPST
10G.

svstem; ten TTL comp€tible sig.
n6ls ar€ u3ed to 56loct the ello-
phones.
SP0266 850p Dat6:50p,

15 Ls75 26 Ls123 48 Ls160 38 LS197 45 LS353 60
1E LS76 20 LS125 30 LS16l 38 LS221 55 LS365 2A
1 s Ls78 20 Lsl 26 30 LSr 62 38 Ls240 60 Ls366 2a
tS LS83 35 LS132 35 LS163 38 LS241 55 LS367 28
15 LS85 42 Ls136 2A LSl64 40 L5242 58 Lss68 29
15 LS86 24 LS138 50 LS16s 50 LS243 58 LS373 58
15 LS90 25 LS139 30 LS166 7O L5244 100 LS374 60
16 LS92 25 LS145 60 LS170 8o LS245 i8 LS375 (,
16 LS93 25 LSr47 9s LS173 60 LS247 50 LS377 60
16 LS95 40 Lsl4B s0 Lsl 74 36 Ls25r 36 Ls78 57
30 LS96 95 Lslsl 40 LSl75 36 LS257 32 LS3So 45
38 LSt07 40 LS1B 40 LS190 40 LS258 35 LS393 40
38 LSl09 30 LS154 95 Ls191 40 Ls2sg 60 LS399 56
15 LS112 27 LS155 30 Ls192 40 Ls266 24 Ls541 7B
15 LS113 2A LS156 36 LS193 40 LS273 55 LS670 35
20 Lsl 14 2a LSI 57 26 LS195 36 LS279 32
20 LS1 22 38 LSI 58 30 LSl 96 45 LS283 40

@l:;r
LS22

LS00 14 LS26
LS01 14 LS27
LS02 14 LS30
LSO3 1 5 LS32
LS& 15 LS37
LS05 15 LS38
LS08 1 5 L9l0
LS09 1 5 LS42
LSro 15 LglT
LSll 15 LS48
Lst2 t5 LS51
Lsl3 18 Ls55
LSl4 33 LS73
LS15 tE LS74

61 15P3 320 6852 240
6m2CPU 325 6875 495
6522VlA 295 6880 100
6S2 570 81 LS95 85
6551 AC|A650 81LS96 85

2114L2 99 6800CPU 220 81 LS97 85
2716 240 5802CPU 250 8080A 250
2532 290 6BO9CPU 620 8085AC 340
2732 290 6810RAl\4 115 8156 350
2764 425 A821 PIA 110 82!2 110
4116P20 85 6840 360 S216 100
5101 L-l 220 6850 110 8224 120

g22A 220
8251 zil
8253 390
8255 225
8259 390
rJc1488 55
t\4cr483 55
zSoAcPU 290
zglAPto 260
zS0AcTc 250
zSoAsto 900
ZMADMA 11S

7413 25 144
7414 30 144
7416 26 744

14 7411 fr 144
14 742f) 16 745
14 7421 22 144
14 7122 22 144
16 7427 20 1L
G 7428 22 744
28 1430 16 741
2a 11s2 22 141
16 7!|33 22 741
16 7437 25 741
16 Tilsg 25 141
16 1410 16 748
16 142 32 744

E
140o
1401
1402
7403
74M
7405
7406
7407
7408
7409
7410
741',|
1412

70 7483 38 141|22 38 74161 46 74190 48
55 7485 80 14123 40 74162 40 74191 48
40 1486 74125 33 74163 40 14192 48
42 7489 165 141fi 33 141e/ 45 14193 40
16 7490 22 14132 36 74165 45 74194 40
16 749't 35 14141 55 74167 150 74195 4016 1492 2a 74145 4s 't411C 125 141 4616 7493 25 i4147 ts i4113 58 74197 40
16 1494 35 7414a 60 i4174 * 1419a B0
24 1495 35 741S 55 74175 50 74199 80
21 14 3s 74153 36 14176 40
B 1497 90 7415, 60 74177 42
30 74rm 80 74155 36 74179 ?021 74107 26 1415 36 74180 40
48 74!09 30 74151 30 74181 '!0s
65 14121 2A 74160 40 t41A2 40

An idoal @podunity for or t con3tructor
ro obbin a wid6 rEnF of ei g pri@r. %W 5%
Bs.i3tor kit. ConEin3 10 fro 1 M (total
of 6S rsirtor!) 530
C€ramic Csp. kit.5ofsEch vs 0.O1u (135caFl 370
Poly6ter C€p. kit. 5 of wh v .01 to luF (65 csp.) 575
Prdet kit- Conbin. 5 of qch IOO ohms to 1 tlt (lotel
65 prosetr 425
Nut.nd Bolt kir (iotrl 300 i6m.): 180p
25 68A %" bolE 50 68A ffiheE 50 68A nuE
2568A %" bolE 2548A %" bolB 50684 wslhoc
50 5BA nuE 25 68A %" bolt

tliG J)Y)
l-{-

ORDERING INFO. All rcmponents brand new and lull specification. All prices exclude VAT.
Please add to total order, Please add sop carriage to all orders under E1 5 in value. Send cheque/
P O or Access/Visa numtrar with order. Our detailed catalogue is given free wifh all orders over
f15. Callers most we ptrone orders welcome with Ac@ss or Visa. Official orders
accepted from colleg etc. . . Callers m6t welcome, we are open Monday to Friday.
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CRIMSON ELEKTRIK
No Modules
2580 CE 608 4OW Mono
2501 CEl004 1jOW4 Mono
2582 CE1O08 100W8 Mono
2583 CE1704 170W 4 Mono
2584 CEl708 170W0 Mono
2585 CE3004 300W 4 Mono

2585a FE 908 90W FeT. Mono
2585b FE1704 170W FET Mono
2585c BD1 Bridge Unit tot Modutes
2608 CPR 1X Pre-Amp Module

PLEASE NOTE ALLCFIMSON MODULES ARE GUARANTEEO FOR 2 YEARS.

WE AUSO STOCK
ALLTHE POWEE

SUPPLIES TO DRIVE
THESE MODULES

PS. THESE KITS AND
MODULES ARE

EXCLUSIVE OF VAT

No Price
261 5 Complete Pre-Amp Kit CK1 010 C80 00
26.16 Coinplete 4OW Stereo Amp Kit CK1 O4O e1O5.OO
261 6a Complete 80W Stereo Amp Kit CK1 080 e1 16,00
2617 Complete 'loOW Stereo Amp Kit CK1 'l O0 el31.00
2618 AddonMovingCoil Kit MC12K 121.74
261 9 Pre-Amp Power Supply Kit PSK el7 39
TS70 70" Thermal Switch
HS50 50mm Heatsink
HS1 00 1 00mm Heatsink
14 95 1 50mm Heatsink

Price
18.26
21.30
23 90
30.43
30.43
42 60

25 65
33 48

41 70

VELLEMAN KITS
No
K61 0
K1 798
Kle7 4
K257 1

K2569
K2575
K2544
K2032
K2557
K2545
K61 5

Oesctiplion
Mono UU usr:9 LECS
Stereo UU using.E3S
Running Lrghl K:
Light Compute. il '- -==alr
Three Tone Chrre
Microproceso. DcaE .2: :--6
Complex Sound Ge.e-a::-
Oigital Panel Metet
Oigital Thermometer
50Hz CrystalTrme Base
High Precision Stops atc'

CALL IN AT OUR SHOP A\i S== : S=-:'S

WE STOCKAWIDE
RANGE OF BOXES
TO HOUSE THESE

KITS IN. FROM
VERY SMALL TO

VERY I.ARGE
19'' MAXIMUM

PS. ALL KITS
INCLUDE VAT

Some are easy som€ are hard

No
K2543 Transistorlgnition
K2555 Digital Freq Counterfor Fleceivers
K2566 3 Channel Coloured Light Organ
K2572 Universal Stereo Pre-Amplif ier
K257 4 Universal 4 Oigit U/D counter with memory
K2577 Electric Motor Speed Control
K2579 Universal Start/Stop Timer
K2583 HeatingController
K1 682 Microprocessor Universal Timer (no case)
K258o Electronic Power Switch Dimmer
K2551 Central Alarm Unit

3-E

':--

-::-

-_

11 16
45 40
1919
656

44 72
11 17
745

81 45
61 72
12 37
'15 48

TELETEXT KlT
ThisunitwillmakeyourTVlullyremotecci:rc _-<-zrr-rc!DrclertotheamazingworldofteletextThekitcanalsobeupdatedtoincorporatelullPrestel,andwithakeyboard
this can give you f ull message iacrliires lq 3.s E'-]E J s,+ng aid rweiving messages (E G ) Booking your Holidays!

With a microcomputer as an alternatrve k€)Ea= :E -yc s s er greater adding bulk updating to viewdata compulers an receiving telesoltware for implementalion to any
personal computer

Even withoul the Prestel option, Telegft* a re '-^,- :re -agar: E:s f rel
-j€ -- i '€:--* Jlebtexr- ircluding subtitles are all included in the basic kit

d- raia€ s!- sh @ 6 available to complement ihe linished kit

Basic Teletext Kit (no box) el 30 + VAT P/P e2 50
with box e1 44,95 + VAT P/P e3 00
box by itself e1 4 95 + VAT P/P 75p

THE
PREMIER

SHOW
FOR T!-1E r,45E

ELECTRO N I CS EN r,f uSiASf
Cunard lnternatrora i.- : : :- l=-:-:
November 25.26tn.2lth

SEEUSAT
Soldering lrons lso-tip Cordless lron 31-9O+
XS25 25W 5 46+ N,liniature low voltage
CX 1 7W 5 30+ soldering station 13 95+
C iron l5W 5.2O+ Oryxso 50W temp controlled 15 50
CCN 'ceramic" 15W 5.OO+ Oryx super 30 5 90+
!!'ide range ol bits and elements in All irons are 24oV mains, Earth
stmk rcw. Leakage current is less than 3 ua.

Sc,derino rron stand 2 40 The temp€rature controlled iron can
i!e simk rullicore solder lc. nonar be controlled within t 20,6 tempera-
s o.' ne iure range from 200'C to 4O0'C.

Device Price ZXA1 EC =:S
ZEOA 32O Spectrum EC 3 -:
zSoA Pto 320 vlc 20 E c 3 -5
ZSoA CTC 3 20 50 WaY E C 3 3:
6800 650 1SWaYEC 26C
6810 3 00 64 WaY E C Plug 2 50
6821 425 64WaYEC Socket 460
65o2CPU 7,5O 31 WaY E C Plug 2 00
21'14(2o0ns) 180 3'1 WayE C Socket 21O
2708 3,00
2716 3.20 We stock a very wide range of

27g2 7.50 opto-devices, trom ln'ra-Red to
2SOZ 3.50 LEO's to Opto-Couplers.
2764l2oons) 1 1 00 Check us out ,or competitive
ADC081 6 (8 bit) 1 4 90 prices and helpful service

We also stock 74 series 74LS, C mos, transistors, capacitors, resis-
tors, LED's, zeners, diode's. jack pl ugs, mains pl ugs XLR plugs, ca n-
non plugs, arrow switches BNC connectors, reducers, photolak,
developer, PC board, sensitive & normal, boxes, wire cutters, strip'
pers, Edge con nectors, pots, batteries, digital pulsers, logic probes,
proto-boards, vero board.

This is just asmallsample ol whatwe stock, if you likelosee more
send e1 00 to us for our NEW 1983 CATALOGUE.

PONENTS EDGE CONNECTORS

:': -- 
=- s :::' =:. \ a lent book (2 Vol u mes)

--e 93aa =a-; , Data Book
--:3c:]= ecironrcs Data Book
--e 3 3a a' \r1cr€omputer Databook
--e -:erace Crrcuits Data Book
--e:-:- Da:a Book
,.,1S \ie-c^ oata Book
--e - -ea'Control Circuits Data Book
-.e i. iage Flegulator Data Book
:-e Pc*er-semiconductor Data Book
--T Da:a Book Volume I

-TTl Daia Book Volume ll
o;' C.c!ris
-_-i.. e.S TransiStor Equivalent
Tatre.s D,gita Se ector
Tarers Linear 1 0 Selector
FE To\rers Equivaleni book

Why not try our mail order seruic€, it's tast and efflcient. We
Barclay, AcceBB, Am Exp, Oiners or Ch€que.

mad€ Davable lo Bradl€v Marshall Lid.

'\3A 3-^cs
r':-: \::e 3-E$ a.e VAT exempt but add e1 oo to cover P/P

9

950
10,00
400
450
700
850
395
400
450
900
9.00
800
500
950
995
750
750

ADD VAT AT 15olo + 7Op P&P

ETI DECEMBER 1 983
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AN ARGUS SPECIALIST PUBLICATION

AUDIO DESIGN
This month, audio design reaches the seat of the
mystique surrounding the whole topic of audio
amplifiers - the design of the power section. ln true
ETI fashion, we intend to boldly separate fact from
fiction, truth from fantasy, and infinitives frorn their
verbs!

VECTORGRAPHICS
There is an alternative to using a raster-scanned dis-
play - that of using vectors drawn across the screen
directly. Phil Walker has produced a system for
experimenters to play with, using aZX81.

EPROM PROGRAMMING
We were so overwhelmed with requests for
photocopies of the assembler listing for the EPROM
programmer published in our August issue that we
asked Mike Bedford to produce some notes on how
to interconvert the program for other home com-
puters. We'll be published this, along with the listing
for the benefit of the very few of our readers who
have not already requested it from us!

CH ORUS/FIANG E R
This project is designed by Tim Orr - who has
absented himself from our pages for a while, but has
recently learned better, lt's for a chorus/f langer unit
that can be used with guitar, bass guitar, high-output
microphone, keyboards, or, in fact, almost anything
that you can attach to a jack-plug.

LOOK OUT tOR THE fANUARY rSSUE
ON SALE DECEMBER 2nd

vticles descriH here are in an advanced state of preparation. However, circumstances rnry dictate changes to the frnaI contents.

ETI DECEHBER 1 9&3



16bit,64KRAM
colour computer

With this powerful machine (featured in Electronics Today
lnternational as a constructional proiect) you have access to
highly advanced systems and software developed slecia!ly by
ft|pg LtO for the CORTEX. For business, education, R & D - or
simply increasing your knowledge and understanding of
conipirters - it beits comparably priced off-the-shelf machines
hands down!
STAIEMEITS PFINT TIN'E RENTJM MAG MWD
IF : WAIT BOOT TOF BASE

tNT POS
LOG COLIF

ELSE 1 gflt 3??t" +3[ Bffiil** g Iiurcnoxs :95 y,9R
SYS RNDoNI LOAD TEXT DrM Drrar

6dro 1 uNlr ubtoR Plor LEr i;iid6sis eAuD eScnPe urPlor DEF ;iiiFdF-- aAaa ttoesc colouR tlEw il6i
BEM
FOR

DATA RANDOI\,,I CHAB END
FEAD ENTEB SPBITE BIT

FNA-FNZ itC xey
sGN 0PEB/IT0RS <-

CRF ANi) +

'1 UNIT N,IOTOR PLOT LEr srzi , lll
BAUD ESCAPE UNPLOT DEF -;iT . A!>
CALL NoESC COLOUR NEW ;o-N ." f!!naTA RANDOM CHAB END ;-;....-* q Asu- ATNiFH BE gb;

rEir FESToF Lrsr sHAPE qRB -Y-ERROB RETUFN PURGE SPUT CFF :+:- IINPUT SrOP NUMBEB SGET l\'lElv ?,r,trL &

5i;fiiie Eiir. oEuMrrERs :
SHAPE cRB IUsPUT cnr 149 r 35. Msry, i&

THEN
EXP
FBA

MWD x61
[,'], i]BI

Self asselnbly kit

f,trss
Ready built t395

All prices + VAT
Carriage paid

iB(r,

diD

0ptional extras
BS232C rnteiace kit
E :ia1 crsc rntei'Jace
)a' :' 5' : I sc cr'ves and
^:'l r\ 3-i { I

Futlassembly instructions and 216 page users manual.

P 0W IfrI fr /lll ty frEr nrf,o$

fi I enclose cheque for 

- 

or charge to. I
E t3i3,?",,,, mlrT]]TTTrrrl I
g A,CNo I
frl
BI

ET! DECETI'IBER 1S83

E9.20
e65.50

e365.00

Ready built
C0BTEXB-Basrcmachine--ns2ezc E410.00
C0RTEX C - as above + disc Orives 8895.(X)

Stamdard
features *

High speed 24K byte extended basic interPreter

Powerful TMS9995 16 bit microcprocessor
rl8 bit floating point gives 11 digit accuracy

High resolution i256 x 192) colour graphics

Screen memory does not use up user memory
sPace

16 colours available on the screen together in
graphic mode

a Fasl line drawing and point plotting basic
commands

O High speed colour shape manipulation from
basic
Full textual error messages

String and Aray size limitedonlybymemorysize
Real time clock included in basic

lntervaltiming with 1omS resolution via TIC
lunction

$ Named load and save of basic or macfiine code
programs

C Auto-run available for any program

O PowerfLll machine code monitor
tD Assembler and Disassembler included as

standard
Auto line nunnbering facilitY

Full renumber cornmand

Simple bui powerful line editor

Buffered i/o allows you to continue executing
the program while still printing

O Flerible CALL statement allows linkage to
machine code routines with up to 12 pararneters

6 Basic prograrns may contain spaces between
key words to make programs readable without
using more memory

qE Over 34K bytes available for basic programs

O Ertended basic includes lF-THEN-ELSE

O Supports upto l6outPutdevices:
Screen and cassette interfaces included as
standard

lD Supports bit manipulation ol variables from
basic

18 Error trapping to a basic routine included

I Basic supports Hexadecimal numbers

I Separate 16K video RAM for graphics
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I lilsubishi Electric Corpora-
lYltion has put on the market
the first 64-kilobit dynamic
random access memory (DRAM)
in a 16-pin, zigzag in-line (Zl[)
package for high-density instal-
lation.

The plastic-mold ZIL-package
54K DRAM is available in 120ns
and 150ns versions, and is
designed to achieve high-density
installation at prices similar to
those of existing plastic mold dual
in-line package chips. The ZlI
package measures 20.2 mm in
length, 2.8 mm in width and 8.3

mm in height. Space required for
installation is 55.6mm2, about
47% of the space required for the
company's existing dual in-line
package chip.

Mitsubishi Electric plans to sell
the new 54 K DRAMs to makers of
high-resolution graphic displays,
mainframe computers and other
products requiring high-density
installation of chips. Mitsubishi
Electric Corporation, lBth Floor,
Centre Point, 103 New Oxford
Street, London W2, tel 01-379
7160.

Home Made Bread?
! f you're coming to Breadboard
I this year ilrhat do you mean,
iR - ED.) better make sure You
have a hand free. You might be the
lucky person who carries off A.B.
Engineering's superb lool kit.

Worth over f 100, the kit is sup-
plied in a real leather wallet and is
intended to supplement rather
than duplicate lour existing tool
kit. Thus basic tools like a solder-
ing iron, which it is assumed most
constructurs will already possess,
are not included but less frequen-
tly encountered tools like a de-
soldering gun and cut and bend
tool are. With this lot plus vour
regular tool kit you should be in a
position to make and repair iust
about anything.

Visitors to the show uill be
invited to place their name and
address on a consecutively num-
bered pad. On Sunday afternoon
a winner will be selected using an
electronic random number indi-
cator (vicious rumours which
clairn that we are actually plan-
ning to use the circulation figures
of rival publications are simply
not true - we can't have people
squabbling over the lowest num-
bered sheetsl).

DMM
The new VR-3500 series of
I hand-held autoranging digi-

tal multimeters from Hitachi
include temperalure measure-
ment among their wide range of
Iunctions. Models VR-3510 and
VR-3525 have builLin scaling and
cold junction compensation for
standard K type thermocouples.
Surface mounting and proteclor
tube probes working over the
range -20 Cto +700 Care avail-
able from Hitachi, but any K type
thermocouple can be used in-
cluding low-cost bead types.

Friday 25th November
11.00 Electronics in Civil Aircraft Today
1 2.00 E lectro nic Mu s ic
13.00 Soldering - A Neglected Art?
14.00 Holography - Practically There
15.00 Add-ons ior Micocomputers
15.00 Designing and Making Printed Circuits

Saturday' 26th November
11.00 Soldering - A Neglected Art?
12.00 Eleclronics in Civil Aircraft Today
13.00 Holography - Practically There
14.00 Add-ons for Microcomputers
15.00 Electronic Music
15.00 Successful Proiect Design

Sunday 27th November
11.00 Gateway to Electronics
12.00 Add-ons for Microcomputers
13.00 Designing and Making Printed Circuits
14.00 Electronic Music
15.00 Successful Proiect Design

Autoranging

Exhibitors at Breadboard will
be showing such diverse items as

electronic organs/ test equiP-
ment, books, kits, PCBs, compo-
nents and much, much more.
There will be demonstrations of
robots and the opportunity to trY
out the latest in video games con-
soles, the CBS Colecovision. This
is the game that has taken America
by storm and received rave revielvs
after its appearance at America's
largest computer sholv.

lf all the flitting from exciting
exhibit to even more exciting
exhibit wears yoL! out, you could
do worse than to pay a visit to the
lecture room. There you will not
only have the chance to rest your
weary feet but to expand your
knowledge at the same time. The
complete lecture programme is
giren below.

Finallr, a reminder that the cost
oi admission to Breadboard will
be f2.50 (but r+atch out for the
50p oii rouchers in our ads) and
the times are as follows:-
Fridar 25lh \or ember 1 0.00-6.00
Saturdar 26th \ovember 10.00-
6.00
Sunday 2ith \orember 10.00-
4.00

F. Ellson-lones
R. Watts
R. I. Cato
A. Pepper
O. Bishop
K. E. Tippey

R. l. Cato
F. Ellson-Jones
A. Pepper
O. Bishop
R. Watts
A, Armstrong

D. Bradshaw
O. Bishop
K. E. Tippey
R. Watts
A. ,Armstrong

The VR-3500 series features
manual or automatic range selec-
tion on voltage and resistance
with manual ranging on current
from 0.1uA up to-10 amps. Other
facilites include a selectable con-
tinuity bleeper, a diode tesl range,
and a data hold Iunction. Three
models are available with accur-
acies varying between 0,loo and
0.5%, and allshare a common styl-
ing with a case rrhich fits easily
into the hand.

The Hitachi VR-3500 series is
available er-stocL from Reltech
lnstruments and prices start at
f82 pius \ 1T. Reltech lnstru-
n-:enls. \e\r Road St lres, Cambs, I
tel 0.180 b3;-0. f

Zll-Package 64K DRAMs

Lecture Programme
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INTERNATIONAL
A topical selection from the current ambit parts
and equipment catalogue - 148 pages plus 3 El
discount vouchers! Send 8Op for your copy now!
* mix quantity prices apply for callers to our sales
counters

NiC ad batt ery bon anza time
0.sAh 2.24h

firnsIt
INTERNATIONAL

cH+lRX4
87.49 i "..

o1-02204

cH4/50
84.95
0r -00409

fhe ideal Christnas e'ift! CALL AT OUR SALES COUNTERS AT
SOLE NT COA4PO N E N T SU PP LI ES,

53 Burrfields Rood, Poilsmouth, Honts
BROXLEA ELECTRONICS, Po* Lone,
Broxboume, Herls.
& of Brenlwood, of course!

200 North Service Rood, Brenlwood, Essex CMI4 4SG
Telz (0277) 230909

REfrIEfrIBER to add t5% YAf & 60p postagc to all orders - f HANKS!

A unique botlery sleeve odoplor set thol
converts M to C or D dimensions, ond C
to D. ldeolfor emergencies.
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Molecular
Electronics
M il'T,lJ,',:il':'H'j;o i;
Molecular Electronics, at the
School of lndustrial Science,
Cranfield lnsitute of Technology,
and to support the research for
five years.

Molecular Electronics, a term
which was originally used to des-
cribe the development of organic
materials with useful electrical
properties, is now taken to cover a
far wider field of materials and
processes. One such organic
material is polyvinylidene
flouride (PVDF) which, combin-
ingthe mechanical properties of a
plastic and the piezo-electric pro-
perties of a crystal, can be used to
great advantage in microphones
and other pressure-sensitive
devices. Many new potential
applications for it are already
beginning to appear.

Another important use of
molecular material is in elec-
trochromic displays, in which the
movement of ions in an elec-
trolyte changes the colour
absorption at its surface. These
can be developed for a great
range of exciting new applica-
tions, One such might be as
colour liquid crystal displays to
replace the monochrome dis-
plays which are now in common
use in digital watches.

Other fields of known interest
at present include new and en-
vironmentally-stable materials
for use instead oI gelatin in new
kinds of holographic optics, and
germanium, the semi conductor
material first used for making
transistors and now an imporlant
part of modern thermal imaging
systems.

att
30 MHz

o-\

I ranststor
I I otorola has inlroduced the
IYlt'4nr++g, a 250 watt NPN
transistor believed to offer the
highest power currently available
at this frequency. The device is
intended for operation in the 30
MHz band with a 50 volt suPPlY
and leatures 14 dB (typ) of gain,
55t efficiency and intermodula-
tion distortion of -33 dB (typ). lt is
designed primarily for high-volt-
age applications in high-power
linear amplifiers and is said to be
kleal for marine and base station
equipment.

For further information readers
should contact Motorola Ltd.,
fwopean Literature Centre, 88
Tenners Drive, Blakelands, Milton
Kernes MK14 5 BP, tel01-352 041
qtn 3{.
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Long Wavelength Photo Diode
dark current and noise rate are aPt
to be high and it requires a high
supply voltage. The comPound
employed by Hitachi and the use

of a planar structure with a win-
dow layer has made it Possible to
attain high quantum efficiencY bY

protecting the electron-hole pairs
generated byPhoton
pearing in recombin
reduce the electros
tance, thus improving sPeed. The
HR-I101 has a dark current of 7 nA
compared rvith 100-1 000 nA f or a
germanium avalanche photo diode
and operates on 5--10 V suPPlies
compared with the germanium
device's 30-40 V.

Hitachi says that these tech-
nologies help to increase not onlY
the performance and reliability of
the HR1 101 but also its Produc-
tion yield. Hitachi Electronic
Components (UK) Ltd, tel 0.1-

861 14-14.

Llitachi Ltd have developed a
I lne* photo diode made of a

compound of indium, gallium,
arsenide and phosphorus. Em-
ploying a PIN structure, the
H R1 1 01 is sensitive to light in the
wavelength range between 1.0
and 1.5 microns and has a maxi-
mum quanlum effieciency of
about 70%, an indication of its
high sensitivity.

Reflecting recent needs for
long-distance and large-volume
data transmission, the technical
trend has been toward the use of
the 1.0 and 1.5 micron range
where the transmission loss of an
optical fibre is at a minimum. ln
this long wavelength range, the
germanium avalanche photo diode
has up to now been the only prac-
tical choice, but it is nol sensitive
or fast enough for applications
which require higher perfor-
mance and reliability because its

Mini
SevemSegment
Display

mm) seven-
sPlaY avail-
high-effici-

ency red, yellow and green has

been announced by Hewlett-
Packard Company. Features such
as bright, evenly lit segments, a

low f orward-drive current, a

small, space-saving package and
an attractive character front
characterise these new HDSP
Series displays.

Compared with HP's existing
family of 0.3 inch LED disPlaYs,
this new family requires uP to 25%
less current and can still be
viewed at distances of uP lo 10
feet (3 metres). lncreasesofuPto
50oo in viewed brightness are
possible when the disPlaYs are
driven at typical drive currents of
5 and 10 mA, making them well
suited for high ambient-light
applications. The display package
is 0.3 b.v 0.5 inches 0.62 bY 12.7
mm) and is pin-for-Pin comPat-
ible with Fairchild's FDN 35X/
36X. Details from the Literature
Section, H ewlett-Packard Limited,
Eskdale Road, Winnersh, Woking-
ham, Berkshire RC11 5DZ, tel
0734 69662.

High
Performance
16 bit ADC
f\ala Beta have announced a

Ll n"* high-speed analogue-
to di gital converter, the ZADT 4O2,
which has a resolution of 16-bits
with a relative accuracy of t
0.001 5'7, FS R and a typical conver-
sion time of six microseconds
(seven maximum).

Monotonicity is guaranteed
and there are no missing codes
over the operating temperature
range of 0 to 70 C. The converter
accepts inputs between *10V
and -lOV or 0 and tOV and
exhibits a differential linearity of
+0.5 LSB with a temperature
coefficent of only 0.8ppm/ C.

Offset drift is a low 1.Sppm/ C

and Output codes are binarY,
offset binary, and twos comPle-
ment.

Contained in a compact 76 x

1-17 x 1O mm metal case which
gives RFI shielding on six sides,
lhc ZAD7402 runs from t 15V

r )r)\\ Cr 5ul) ;rr r .tnd c<ln-

surrr\'5 dpl)r()ximately 3.5 W. Price
for 25 ofi is f67O each and
delivery is 4-6 weeks. Data Beta

Buckingham Avenue, .
kshire SL1 +Qn, tel 

)

ip CRT Controller
\ I CR CorDoration has intro-
l\ duced a single-chip CRT dis-
play controller that can be mask
programmed to provide a wide
variety of special features and dis-
play modes.

Designated the NCR 7250 CRT
Controller, it is designed to Pro-
vide a well-defined interface block
between standard microP-
rocessors and microcomputers,
and any CRT display. Mixed
character and graphic modes,
including mosaic and line graphics,
are standard features. Nine inter-
nal registers are externallY
addressed to control all disPlaY
features, including page scroll-
in& complete cursor-position
control, and eight different
screen attributes. These include
blank screens, reverse video,
video chop and enable cursor,

while field attributes include
reverse video, blink, blank, video
highlight graphics and underline.

The NCR 7250 can be used to
display up to 80 x 25 characters
with a character cell size of uP to 9
x 12. All video signals and up to
240 characlers are internally gen-
erated, and interleaved CPU
access-cycles and auto incre-
menting address registers give it
the ability to update or read a

dedicated Video RAM at direct
memory access (DMA) rates.

Designed to directly interface
rvith a CRT monitorviathe VSYNC
and HSYNC outputs, an inPut
clock signal and single RAM are
all that is required to produce the
video display output. NCR Limited,
206 Marylebone Road, London
NW1 6LY, tel 01-388 8244.
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oL 10oo(
ThrB v6lua lor monay lir l6!
tu16r a b-drraclionrl r!
q!6nc6 spa6d ol .aquanc6
a.d ii6qu6ncy ot droctton

DISCO LIGHTING KITS

chang6 b6rng ver lbls bv moans ol pot6n
lromsl6rs a6d ncorDorat6s a mast6r
d mmrns conlro t14.60
DLZ1000K
Alowarcostversronolth66bov6 l6atunng
undrroctronal channo soqu6ncs wrth sposd
va.rabl6 by msans ol a pr€-3€t pot outputs
sw (ch6donlyatfiainsr6rocro!srngponrs
lo 16duce radro inl6rl€ronc6 to a mrnrmum

f 8.00
Opr ona opto rnput OLAI
Allowrng aud o (' beBr l ghl
,esDons6 ouD
DL3OOOK
Thrs 3 channel sound to ghr kn l6atures
2ero voltage swrtchrng, aulomalc level
conlrol and burlt rn mrc No connocrons to
spaek6roramprEqulr€d Noknob3toadlust

srmplY connacl lo m6rns s!ooY and
l8mps lrxwchann6|On|y f 11,95

TD€/K 
5.filii""J[l!'5.'di' e z. so

HOME LIGHTING KITS

5-E o.s & !re d6 !n€d lo rop ace.3l6.dard wal
*d a.d contro !p ro 3w ol light^groR3ooK r C14,30
Mx6 "o*" 

f 4.20r{'.t:*: fi l% r,-l

ELECTRONIC LOCK KIT XKlOl
This KIT contains a purpose designed lock lC,

1 O-way keyboard, PCBS and all components
to construct a Digital Lock. requiring a 4-key
sequence to open and providing over 5000

different combinations The open sequence
may be oasily changed by means of a pre-
wired plug. Size: 7 x 6 x 3 cms Supply: 5V to
15 V d.c. at 40uA. Ouput: 75omA max.
Hundreds of uses for doors and garages. car
anti-theft device, electronic equipment, etc
Will drive most relays direct. Full instructions
supptied. oNty f1o.50
Elestric lock mfthanism lor uso with htch
lock3lndlbovo kit €13.50

'.::(Bi:::'.:-ff.:lg;

"OPEN.SESAME"
The XK103 rs a g€n6rEl purpose nlra red transmrtt€r
recervgr wrth one momsntary (norma ly op€nl re sy
contact and two lBlched tr€nsrstor outp!ls
Designed pr menly lo. controll ng molol sed gardge
doors and two suxr I ary outputs tor drve/garage
lrghrs Et a rang6 ol up to 40 lt Th€ unt also has
numorous eppl cat ons n th€ hom€ lor swrlch ng
lr€hts, TV, clorrno curtarns, €rc ld63l lor 39€d o,
disabled p6rsons
Th6 K I compr s6s a fia ns pow€red recorvar a lour
button transmrttel, comp ete wrth pre drr led bor
requflrng a 9V batrery €nd one opto so ated soi d

stale sw lch krt tor rnt€r'iaong ihe rec€ ver lo ma .s
aDDl anc6s As wrlh ei our k ls ,u I .strucl o^s are
s!pp i6d

ONLY C23.75

REMOTE CONTROL KITS
FOB A OETAILED BOOXI€T ON REMOTE CONTROI

r.nd3O9.6't9 SAE
MX6 SIMPLE INfRA NEO TNAilSMITTEF
Suool d w th hand h€ d e 6sl,c bor 8.au'r.s 9V
1PP3) b.ir6rv t4 20
UX7 IilFRA iEO FECEIVEF
M6.s oowor.d wtrh lr 3c o!lpur lo rw Lch !p lo
sOOW aI 24OV .c R.ng. !pp'ot 20 rr on orr or
mohenrarr co.r,o C9 00
IFC 50OK sDec,a Dr'cs ro, M(6 MK7
M(9 4 WAY XEYEoARO l!2 501
For uss w th MK 18 MK r2 lransn lle. r€ce vef
wh€,e o. y 4 chsnne s are ,eq!,.sd t1 90
MK1O 16 WAY XEYBOAFO t5 40
MX11 10 ch.nn.l * 3.6.1o9u. o/p..c.lv.t
A mar.s power.d LF 16c,vor p.ovrdrng conrol
s,g.Els ro lO on,olr a.d 3 sn6lo9!o c rcu rs M6y b€s'9.Ers ro ro onro,r a.o J sn6ro9!o c rcu rs M6y D€
!s6d lor conlrol.g lh€ vo!n. ol !. !rpl'l5r
b, ghr.sss or 6 l6mp elc t12 0O
MX12 I6 CHANXEL IF RECIIYEF
A md -s oo*€ eo .F Rrcs',o pro! d,.0 Lo Io '5
ourorls'o,s*'lctiro €lr 95
MX18 ba3€d on lhe SL490 lhrs k t .crldes all
compon..ts to male a codsd lrs.smrllor 86q! r€s a

PP3barl€rv6ndleyboa,dlMK9 MK10orMK13rs Ie
I r 2 r I 3cm R..gs spp,o( 60 rl tO 20
MKl3 rl w.v l6vbo.rd lor us€ w'lh MK18 3.d M(ll

(only a f6w additional rosistors and swiich€s
are requir6H€teils supplied), or a s€nsitivo
digital thormom€ler (io'C to +150"C)
roading to 0 1"c The basic kil h3s a

sensitivity of 200mV lor a full scal6 roading,
sutomstic polarity indication end En ultrE
low pow6r requir€m€nt---giving a 2 yoar
typicsl bsnsry llle from a standard 9V PP3

whgn used 8 hours a dsy, 7 dsys 6 we€k

THERMOMETER KIT
This now dosign is based on
lhe lCL7126 la lower power
version of rh€ lcL7106 chip)
and a 31,2 digit liquid crystal
disp ay This tit will lorm tho
basis of a digital multim€(er

A complete kit of top
quality components
including PCB, con-
nectors, sockets and
switches and trans-
former. f2l.OO
PCB only f4.95

MICROPROCESSOR CONTROLLED
MULTI-PURPOSE TIMER

Now you can run your central h6ating, lighting, hi-fi syst6m and ois
more with just on6 programmable tim€r Ai your selgctron L s

d€siongd to control four mains outputs indepond€ntly, switching on
and off at pr6'set tim6s over a 7 day cycls, e g to conlrol your c€ntra
heating (including diff6r6nt switching timss for w66kends). JUst
connoct it to your systom programm€ and s6l il and forgel it-the
clock wil' - ''

+ Oay ol weel am pn] a.d ou(pul slal!s nd cato s
* 4 open co ccto, oLlpuls lo. dr! rq rerays lr acs et(* 4openco ccto,oLlpulslo.dr! rqrerays lracs et. tnstruclonS

I 33,i"9Xiri'J;:j;::',iJ,"o 0,"0,"--". ".n 
.o^, n!es L ,,. r€ep ns order as crOrder as CT600O

d!r nq power ,a' ures lBaLl€rv nol suppl'ed)
* D sp ay b a.I n9 Cur ng power la l!re lo conserve baLlerv power
* lSp.ograhmelmesels
* Powera!l Evervdav l!n.lonenab nqo!lpulloswl.heve,vdavbul

usE on v o.e r me sel
+ Uselu sleep luncl cn tur.s on o!lpur 1o' one hour
* D .ecr swrrch conlro enab nq o!(pL lo be lurned o. mmed ale V or

alrer a spec,l,ed lrme rnterval
+ 2O l!ncl on keVpad lor p,ogramme enlry
* Proqramme vefli car o. al lhe lo!ch ol a b!lto.
+ Pa;lrcborwtha(tract,vescreenD,nredlro.lpane l5 lo 5 5cm

ill* -,,,. ffiry? ilru#'r'-Y.: 24 HOUR CLOCK/
APPLIANCE TIMER KIT

Sw rch€s sny app rsnce !p lo lkw on snd oll at

oresel trmas once po. day Krl con(arns
aY5 1230 lC 0 5' LED dspay m6ns suppy
o,sorav dr v€rs swrtch€s LEDs iI Ecs PCBs
and lul nstr!ctrons
CT1O0O(86srcKrt t14 90
CT1O00K w th whrl€ box
56 131 x 71mm) el7 40
eeady Eurltl t22 30

It$ st[ulH.I0P utuil.10t lllt PRIEIS
No circuit is complete wathout a call to -

65p postsge & packing + 15% VAT
totsl Overseas Customers;

Add €2 50 (Europe), t6 O0 (els8where)
p&p

Send S A E lor lurther STOCK DETAILS
Goods by return subject to avsilsbrlity,

o P E N " %'."ii*s" iL:", I'"

,lIiJ'Zruata tc' x't 
'n

i,i"s PCB wound aer!i

crYstal earpLece

omponents to m

:.'ll* ; ;l',?:''*"*::"di

55x27x2cms

.,." a drml:-. -

rhts uP to cu" "

CHRISTMAS
PRESENTS GALORE

BEG!NNERS
STARTER PACKS
Containing sel eLefi3*. ncluding transistors, LEDS, diodes,
capacitors. lcs e. $1* 3 c let with 10 easY-to-build projects plus
a solderless ci e^a!*ag r to be rc-used. Requires 9V battery.
Discreet component pact E rcs €3 OO lnlegrated circuit pack f6 O0

STOCKING FILLERS Arr rurr spec branded devices.

PACK (1) 65O Resistrs 47 ohm to 1OMohm - 10 per value f 4.0O
PACK {2) utO x 16V EJedrolyrrc Capachors lOpF to 1OOopF - 5 per value f
PACK (3) 60 Polvests Capachors 0 01 to 1!F/250V - 5 per value f5 55
PACK (4) 45 Sub'miniature Presets 100 ohm to 1 Mohm - 5 per value f 2 9O
PACK (5) 30 Lm Frcfiie lC Sockets 8, 14, and 16 pin - 10 of each f2.4O

(6) 25 Red LEDs 5mm dia i 11 25

HOME CONTROL CENTRE
Th s [ ! en3bles yo! to r].rro up ro l6 d!ll6.6nr
appl a.ces anywhe.e i rhe house irom the
comlorl ol vo!r arr rha r The l.ansm l(er
nre.ts coded pulses rlc the marns wh ch are
decoded bv recerver modules connecled lo lhe

suop v and useJ to sw tch on rhe
app r.nce addressed 'he tra.smrtler a so
nc udes a C OMPU TE B ,nre,iace so you ca^ p,o
g,amme you, tavouilie mcro l6g ZX81) ro
sw tch rghrs hear,ng ele.ltuc blanket mdle
your morn,ng collee src automat ca ly
w Iho!t ,ew I ns your hous. JUST THINX OF
THE POSSIEILITIES The k t ,ncl!des all PCBs
and compo.ents ior on€ iransmrtter and lwo
r€cerve/s plus a pre d, iled box lor (he

O,dor as XKl12 t42.00
AddilionEl Roceivors XK111 t10 00

ETI DECEMBER 1 983



N EWS: N F,r^t*iN EWS: N EWS: N EWS: N EWS: N EWS

Reels
on Wheels
The latest thing for the 'dis-
I cerning on-location recor-

dist', so Marantz tell us, is this
smart looking Portable stereo
cassette recorder. Designated
the CP430, it and its little brother
the CP230 replace the SuPerscoPe
CD320 and CD330 machines
which Marantz have been selling
over here for some time.

The two new models are both
smaller and lighter than their for-
bears, offer considerably in-
creased battery life, and have
been designed so that no knobs,
switches or connectors protrude
from the case, affording the max-
imum protection should they be
accidentally dropped. They iea-
ture normal, chrome, and metal
tape compatibility, fine bias con-
trol, speed variable by - 5oo,

memory rewind, illuminated VU
melers, and the ability to monitor
either channel independentl,v
through the built-in loudspeaker.
Powering can be by dry batteries,
an optional rechargeable battery
pack, or from the mains using the
adaptor supplied via the 4"5v
input jack. Connecting the mains
adaptor also charges the battery
pack. Line input and output
sockets are included so that they
can be used with a domestic sound
system, mixer etc.

The CP230 isatwo head machine
with both Dolby B and C noise
reduction and costs €159.90 in-
cluding VAT.

The CP430 has three heads,
allowing off-tape monitoring, and
has both Dolby B and dbx noise
reduction. lt costs 8249.90 in-
cluding VAT.

Optional extras include the EM
8 microphone and the RBD430
rechargeable battery pack, both
al iust under €30 inclusive. Both
models come complete with the
mains adaptor and a carrying case
r,rhich incorporates a pocket for
the microphone. Marantz Audio
L X Ltd, 15-16 Saxon Way lndus-
[rial Estate, Moor Lane, Har-
rnondsrtorth, Middlesex UB7
uL\1. tel 01-897 6633.
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Videotone
Switch
fl esular readers will remember
lf tfrt we reriewed the Video-
tone Minimax 2 speakers back in
our September issue. At a press
reception recently, they told us
that they have already changed
the speakers.

The new speakers are still called
Minimax 2, although they're now
produced in Hungary (the first 2s
were made in the UK). The drive
units are different, the material of
the port is different, the connec-
tors are different - in fact, the
whole lot is made by the Videoton
company in Hungary, which is a
separate entity from Videotone
Ltd of the U K.

Videoton claim that the two
speakers are very similar indeed,
and that any differen ces are to the
favour of the newer version. They
certainly sounded O K when driven
bylhe super-fi set-up at the recep-
tion - although rve didn't get a
chance to compare them with the
MK.l 2s,
Also being launched were two

new bookshelf-size speakers, im-
ported from Hungary'.The D81312
is an eren smaller two-way sys-
tem, priced at f 49.90 and a three-
$a\ srstem at f 99.90 per pair.

To add to this, Videotone willbe
selling a new budget moving coil
high-output cartridge; it's called
the MC 88E and sells for 827.9O.
Also new, is a top-line MC car-
tridge with a Van den Hul stylus
for €114.90, the MC87.

Videotone Itd, -l st Floor, 55
North Street, Thame, Oxfordshire
OX9 3BH; telO844-21 6929.

Hall Effect
Devices
f ollowing our feature on Hall
I effect devices in the October
issue, a number of companies and
individuals have contacted us to
ask where the lCs mentioned in
the article can be obtained. The
short answer is, almost nowfiere.
There seems lo have been so little
interest in Hall effect derices in
the past that ie* suppliers hare
bothered stocking them at al l. and
those that do rarelr ofier more
than onetrpe Let us hopethatthe
interest generated br this article
rvill improre matters adrertisers
please notel .

So where can \ou get Hall lCs?

Farnell Electronic Components
Limited of Canal Road. Leeds
LS1 2 2f U, can supplr the
UGN3501M but ther will onlr
deal with industrial and pro-
fessional customers. \\ atiord
Electronics, who adrertise in our
pages, can supply a derice called
the UG N3020T which is similar to
the UCN3019T mentioned in the
article and comes in the same
package. Maplin stock three Hall
lCs, two of them switches and one
a linear device. None of them
were mentioned in the article but
you should find enough informa-
tion in the Maplin catalogue to
enable you to use them success-
fully.

lf anyone out there knows of
any other suppliers of Hall
devices, especially ones who will
deal directly with the public and
who stock any of the devices men-
tioned in the article, please let us
know and wewillgive them a men-
tion in a future Digest.
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BC 1O7B 12p
BC lO8C t2p
BC lOgC 10p,
Bc r r3/a fG
BC I t516 l7p
BC I 19 2Ao
BC 139 32c
8C 140 28p
8c 141 29p
BC 142 27c
BC 143 27p
BC',t50 30P
BC 161 32t
BC l69C 8p
8C 1718 gp
BC 172C 9p
BC l73C 9p
8C 1778 I59
BC 1 78C 15P
8C 179 15P
BC 182 9p
BC l82B 9p
BC 1 g3B 9p
BC l83C 9p
BC l84B 9p
AC 1g4C 9p
8C212 9p
BC212B 9p
BC 2138 9F
BC 213C 9p
SC214A 9p
BC 214C 9p
gC 237 7e
BC23A 9p
SC 239 9p
BC 251 9p
BC 300 36p
BC3OI 3lD
BC3O2 329
BC 303 32p
BC 304 321
BC307 lD

I
rC 545 lOp
rC 5468 lQ
C54IS 9o
C 5488 9p
C 548C 9p
rC 549C ap
C 55OC lop
c556 rb
C 5568 rop
C 5578 9p
C 557C 9p
C 5588 9p
C 558C 9p
C 559C 9p
C56rc lop
C637 2Op
c638 2b
C639 22o
C 640 24e
cY 70 aS-
CY 7l l8g
CY 72 17e
D 115 sop
O 131 45p
o132 4S
O 133 70p
D 135 30p
O 136 30e
D 137 3Oe
Dl38 35p
O 139 35p
O 140 35p
D 203 7Op
O2O4 70p
D 205 

'0pD 206 70p
D 239A 40D
o239C 5S
D24OA 12p
o240c sQ
02414 42e
O241C 4c
D2424 42o
O242C 9ap
O 243A 55p
D243C 68p
O244A 6/lc
o244C rW
F l8O 3Op
F 181 3Op
F 182 30,
F 1&l 3Op
F 184 30p
F 185 3Op
F 194 12p

8F 195 ,12p
BF 196 14
BF 197 12p
BF 198 10p
BF t99 12p
BF 20O 40e
AF 224 lsp
BF244C 229
BF 245 25p
8F 256C 32p
BF 2551C 35c
BF 257 32p
BF 258 32e
BF 259 35p
BF 336 36p
BF 337 39,
8F 338 4tlP
BF 457 32p
BF 458 32p
8F 459 37p
BF 494 12p
BF 595 16p
8F 596 20p
BFX 29 2b
BFX30 2&
8FX84 ?b
BFX 85 28p
BFX 87 27p
BFX88 2*
8FY 50 239
8;Y 51 22P
BFY 52 229
8SY 95A 23p
BU 205 140p
8U 206 15Op
8U208 14op
MJ250O 23h
MJ25O1 2a5p
MJ2965 90,
MJ30@ 2rh
MJ 3001 225p
MJE 340 48p
MJE,350 7Q
MJE 370 8Op
MJE 371 84p
MJE 520 6Op
MJE 521 68o
MJE 2955 8Op
MJE 30s5 6S
MPSA05 20p
MPSA06 20p
MPSA 12 22P
MPSA I3 22D
MPSA42 23e
MPSA43 23,

MPSA 55 2OF
MPSA 56 20p
MPSA 63 22p
MPSA64 22p
MPSA 92 24p
MPSA93 24p
TIP 29A 3Op
TIP 298 33p
TIP 29c 33p
TIP 30A 3Op
TIP 308 33p
TIP 3OC 36p
TtP 3 lA 33p
TrP3rB 35p
TlP31C 37p
TIP 32A 33p
rtP3?3 35p
rlP 32C 37p
TIP 334 55p
TIP 34A 6Op
T lP 41A 46p
TIP 41C 50p
rtP 424 48p
ItP 42C 6Q
TIP 1 1O 45p
TIP I l5 45!
TtP 12O 7q.|.tP 121 70p
rtP 122 7q
TIP 126 70p
rtP 121 7Q
TIP 2955 70e
TIP 3055 7Op
TlS44 20p
TIS 90 21e
Trs 92 2Q
2N1613 3D
2N1711 3Op
2N1893 3q
2N2218 21p
2N2218A Z5e
2N22\9 219
2N2219A b
2N222lA 2Op
2N22?2 r8e
2N2272A ?O9
2N2368 23e
2N2$9A 15e
2r{2484 21e
2N26a6 48p
2N29Oa 22p
zNH{A 239
2r! ?$5 23t
24?96a 22e
2N290' 2$

2N2907A 25p
2N3053 2S
2N3054 56p
2N3C55 sop
2N305+l 75p
2N3440 58p
2N3441 120p
2N3442 12W

2N3702 10f
2N3703 l0p
2N3704 10p
2N3705 1@
2N3706 1@
2N3707 10p
2N3708 l0p
2N3771 1sop
2N3112 11Oe
2N3773 1gop
2N3819 zOp
2N383 sop
2N3855 9€p
2N3S3 lop
2N39O4 lOp
2r,J39O5 10P
2N396 10p
2N4O30 3{}p
2N4033 3Op
2N4037 1q
2N4058 1Op
2\4059 top
2\4@0 r0e
2\4ml t0p
2r\{62 10P
2\4400 15p
2\4401 15p
2\4402 15p
2\4403 15p
2|{5400 18p
2N5401 2Op
2N5457 2gp
2N5458 27e
2iJ5459 25p
2N5450 38p
2N555O t8p
2N5551 20e
2N6027 23p
2N6028 23e

4OO mW
2V 7.36V
13W
4V7,51 V

6p

rD

WMc1160 7@
C I 26D gop
C 126M 98p
l\4cR 101 30p
MCB 102 34p
T 28OOD ttop
T 28mM t65'
2N4443 721fi
2N4444 130p
2Ns060 24
2N5061 24p
2N5062 2gp
2N5O64 32p

-TRtACS 

-C 206 55p
c22so 6@
czzf,o ?w
C z?su 90p
C 236 gop
C 236M 12Op
C 246D 98p
C 246M 140pffiW005 t8p
wol 2OC
iV 02 22p
w04 24p
W06 28e
W08 32e
3A/50V 4Op
3A/loOV 42p
3AI2OOV 44F
3A/400V 46p
6A/50V 

'5,P64/100V 80p
6A/200V 88e
6Ai4O0V 94p
25A/1 00V 1 85p
25tu200V198p
25A140ov220plc!E--
3mm red 7C
5mm red 7p
3mm green lOp
Smm green 10p
3mmyellowl0p
5mm yellow'lOp
clrps 3p
rec ianqu I ar
Bed 10p
Green 14p
Yeflow 14p

EE
4OO0 14e
4001 14p
4@2 14p
4006 50p
4007 16p
4008 50p
401 1 14p
4012 15p
4013 24e
4014 Sp
4015 46p
4016 24p
4011 42?
4018 47o
4019 3Op
4O2O 46p
4021 42p
4022 46p
4023 l4p
4024 38p
4025 14p
4026 84p
4021 21lE
4028 42p
4029 48D
4030 18p
4035 56p
4O4O 48,e
4041 48p
4o!.2 42e
404.3 41p
4o4,4 44o
4046 55p
4@8 30p
4049 25o
4050 25p
4051 52e
4052 52p
40s3 s+
4066 2b
4068 15p
4069 15p
4O7O l5p
4011 15p
4072 15p
4073 15p
4014 lfu
4075 lsp
4017 15p
4018 15p
4O8l 15p
4082 15p
4093 32p
4098 

'8p40161 S2c

40162 52p
40163 52p
4501 16p
4502 55p
4503 34p
4504 98p
4506 7Oo
4508 145p
4510 5Op
451 1 52p
4512 48p
4513 98p
4514 l10p
4516 55p
4517 180p
4518 52e
4520 55p
4522 65p
45?5 64p
4524 56p
4529 72p
4530 92p
4531 7Op
4332 88p
4541 7Oo
4W 12q
4551 88p
4553 18Op
455/. ltl8p
4555 48p
4556 48p
4557 l6op
4558 1 lop
4559 39Of
4560 r70p
4566 12Op
4568 27W
4569 140D
4572 12F
4513 ',r98p
4574 r98p
4575 198p
4580 280p
4584 38p
4585 74e
4599 1780

@
6800 395p
6802 55op
6808 52Op
5810 25Oe
6820 250p
6821 19Op
5840 595p
5850 r8op
6852 35Op
6880 14Op
6885 l30p
6889 14Op
68000 PoA
8T264 14Op
8T28 12Og
8T95 14Op
8T97 l4op
8T98 140p
8o8oA tloop
80854 SOOP

8l 56C 60Op
8212C r98p
8216C t40p
4224C 22Oe
8228C 4sop
8251AC 495p
82534C 8O0p
82s7C 1fu
8259C 90Op
8288 f16
TMS9980Af22
TMS998r Nf25
rirgolNSgOp
TIrilSSO2N55Op
Z80A 4M 38Op
ZSOA Pi035Op
ZSoA D[,lA €5
ZTDT4F J5up
21144 12q
2147-70nS 6OQ
214745nS 7oop
2116 4mp
41 64.1 50nSllO
4016-200nS €7
5l0l LC 340p
51 0l LC-1 395p

1oomA
78105 30p
78L12 3Op
78L15 30p
78L18 45p
78L24 45p
1 A TO220
7805 36p
78OB 55p
7812 36p
7815 36p
7818 36p
7824 4Op
5ATO3
78H05 SOOp
Negatrve
100 mA
79L05 5Op
79112 5Op
79Ll 5 sOp
1 A TO220
7905 45p
7906 65p
7908 65p
7912 55f
7915 55p
7924 6+
-Varaable-
LM 309K 120p
LM 3l 7K 25Op
Lt\4 3l7T 98p
LM337T lEOp
L[,1350T 395p
LM 723CN 35p78H05 5OOpm-
TlL32 55p
Tl L 38 40p
TlL78 sop
TIL 100 l(rcp
TlL11l 85p
2N5177 50p
4N25 80p
4N28 7Oe
4N33 128p
4N35 15Op
4N37 tOOp
8Px 38 390p
BPX 43 340p
TlL221 2Og
lhrgh output
clear red)

8Pn 7P 2€pin l6p
14pn 8p 40prn mp
16 p n 9p SPECTAL OFFERS
18pn 11p 25x22pn 27Og
20 p n 14p 25 x 28 prn 34Op
22p^ 14p 10x40prn 185p
24 p n 15p 25 r 40 prn 44Op

LF 341 16Op
LF 35t 45p
LF 353 8Op
LF 355 05p
LF 356 88p
LF 357 1rop

CA3046 72o
CA 3065 lgop
CA 3080 72p
CA 3086 55p
cA3089 r7Q
cA 3090AO

3@
CA 3l3OE 95p
CA314OE.!lp
cA 3 l6OE lOQ
CA3161Et4op
cA 32404E

l65p
CA 3240E t10p
cA 326OE r@
cA 8100ru

2W

LM3O1A 26D
LM 307 54p
LM3t1 60p
LM318 1zop
LM324 4Q
LM339 45D
LM 348 50p
LM 358 48p
LM38O 68e
LM 380-8 8Op
LM381 14Op
LM 38r 120a
LM384 125p
LM 386 68p
LM 387 t35p
LM393 7Q
LM 555 160
LM555 45p

1M565 loQ
LM557 15Q
LM 709 3ge
LM 710 

'OPLM711 6Q
LM 733 

'5pLM 74r ltlP
LM 747 sot
LM 748 35e
LM 1458 36p
LM3900 tlTp

MC 1455 t6p
MC1458 3ap
MC 1496 7Oe
MC 1 748 35p
MC33O2 729
MC34Ol 68p
MC34G 65p
NE s29 22Oe
NE 531 16Op
NE 532 56p
NE 544 2OO0
NE 55O r@p
NE 555 r6p
NE5S 1*
NE 558 170e
NE 555 ltlop
NE 560 t5op
NE 567 110p
NE 570 35Of
NE 57r 3?0c
N8644 POA
NE 645 POA

RC4558 480
SAA l027 550p
SAA I 056 495p
SAA5@O35Op
SAASOI 0 5t0g
sAA5020 62Q
sAA5030 f10
sAA5040 e18

sAA5041 €?5
sAA5050 f10
saa5052 e10
SL49 3G
sN76r15 S
sN76660 S
rBA126 iS
TBA52OO20S
TeA55O 2a+
TBA57002q
T84625 tq
TBASOO 7Q
TBASt 0ASgsp
TBAS'N 95p
TBA820 75p
T8A820a\, 7h
TBA92O t95p
TBA95O 2l0p
TCA270 t2op
TCA800 2grp
TCA940 lSOp
TOAl02256Op
TDAlO24 t3Q
TDA2@2lOOp
TDA2OBr6Op
TOA20042r6c
TDA2OO5M

395p
TOA20062a0p
TOA2ozo2gtrry
TDA203O22Op
TOA2O40aEOp
TDA2O54M

1.30e

uLN2(pl oqb
ULN2@O 80p
ULN2@a 8oP

T1061 'lQTL062 lop
TLO64 12Oo

Vals!/ V Dre
0.117 5 5p
0./a, 63 6e
I rF 63' 6e
2.2 15 b
2.2 53'6,
1.1 23 6,
1.) 63'6p
10!F t0 5{,
10 r'F 15 6p
10pF 25' 6p
l0 rF 63' 7p
22 BF 16 6e
22 yF 25 €f
22yF 63' 9p
47 yF 10 7e
47yF fi 8c
47 sF 63 t2p
10O 10' 6p
10o 16 h1@ 25 lQ
lOO 63 r8p
2n IO' 8p
2n 16 1r
22O 25'14f,.
2N 63 2b
470 t0 14,
47O 25'20D
10OO 10 t8p
1000 25'20p
22@ 10 gl9
22OO 25' 45e

E ta.!otvric
rdialldial

'atiEls only
ilailable the-
valu6, radial
ilailat c on all
o f above.

Value/ V prrce
0.1 1F35 t2p
O.22 35 12e
0.33 35 12p
0.4 7 35 12p
0.68 35 ',t 2p
1 pF 35 12e
2.2 yF 35 16e
3.3 cF35 18p
4.1 yF 25 ?Oo
6.8 !F 25 &l0rF 16 ?0p
t5gF 16 28p
22 rF 15 6p
33rF 16 60p
3rF 10 36p
47eF 10 6Op
68!F 10 toe
6OrF 63 6Op
lOOsF6.3 70D'l0OrF3 3€p
lsOfF6.3 gOD

Tantalum bead.

C€ramrc Plarc
63/100 V
1.8 pF to 4N7
59.

Polysiyrne 5%
63 V: l0 pF to
1 nF 9p e&h
1n2to l0nF
l2P eaeh.

Pgly*rsr ca52
sii€s 250 V
0.0r,0'or5.
0022,0.033,

@
AAl19 9p
BAX 13 5p
BAX,16 6P
OA47 9p
OA 90 7p
OA 91 7p
OA95 8p
OA 200 7p
OA2O2 8p
1544 5p
15921 9p
1N914 3p
1N916 4p
1N4148 3p
1N4149 4p
1N4001 3p
1N4OO2 49
lN40O3 4e
1 N40O4 5p
1N,1005 5p
1N406 6p
1N4m7 6p
1 N 5401 't lp
1N54O2 12p
1\54q3 r+
i i,i 5404 13e
l \ 5405 l1P
lrr546 11p
't t 5407 15e
1 Al5.4OIl l6p
SArlOlV 25e
6,q 20OV z8e
6A,4oOV 3)p

TO5 plsh on
6mm (80'Cnfl)
l5p e&h
12nim (60'C/W)
28p eeh
TO3 14.cAV
3Op each
TO3 1o'C/W
1 10p each
ro1261220
l8C/w 25p
All in matr
black rinrsh

Y. Watt Cartu,r
tiln 5% E24
series 4,7 R-
2M2 1p exh
]i! Watt Carbon
f nn ,o/a E12
*ries 1R-1OM
2p each
% Wart Metat
Iiln 1'/o E24
series IOR-1M

.4p efth.
25Op per 100,
one value onlv
28Op per I 00
mixed values.
2 5 Watr wire-
wound OR22'
lO ohmr El2
cri6 25p oeh.
PrErr mini-
atu€ horizon-
tal & vertrcal
8p erch 1mR'
500K
Multrturn er-
fet l(mm*5
lmR-500K
$ erch
Doen-
troft!at
Sr.rgle g&g
1K ro ]M
3& e-h
9ngle geg
wrth DPST
5wrr.h 689
e&h
Dud gang EO9

2 5-x1" 25p
2 5'x3 75' gop
2 5'x5. 1 1Op
3.75"x3.75"
1 1Op
375'x5"115p
pak of 1 0O pins

55p
Spot Face cutter

.150p

ed,igEnlyeilow
CPt19 tooiN4Od2 tAltooV rediiiers . . . '

CPl20 l0 C106D 4@V/4A thyristors
CPl2l 10 NE556 dual trmer lC's
CPl24 100 mixedelectrolytic cap{irors

1063V/1.lOOOgF
CP125 5 LM317T 1A/TO22Ovariable regularoB.

ql 06D 4OOV 4A Thyri!tor 28p o4h 10 for 250p 25 for

/OOp
27Oe
250p
a@p

e6
44Op

ORDERING INFORMATION: Please add 40
orders un&r €6, then VAT to total order.
po3tal orders made pryabl€ to fumtech
Official order v\clcome, tra& plears enqui,
held in stock dGpetchod sern€ day, LARGE
tull lirt.

p P&P to all
Cheques or
E lectron ics.
a. All items
SAE bringr

0.068, o.r 8p
o,!5,0,22 ,rG
0.33. 0.4 7 12p
0.68 18p. t p
229.

Oirc C€rmic:
l0Nap
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Marconi Spins a New Yarn
arconi Space & Defence
Systems Limited has de-

veloped a novel solution to the
problems traditionally encoun-
tered in producing electrical
cable harnesses. Such work has
previously been carried out on a

peg board and has been time-
consuming and labour intensive.

The solution and the product,
'Marconiweave', is based on a uni-
que adaptation of standard weav-
ing machinery, and can meet the
requirements for quality and
reliability imposed by military
standards.'Marconiweave' allows
a user to specify hybrid woven
cables combining different types
of construction - flat, multilayer
and tubular - and to combine a

wide range of different wire
gauges and insulation factors.
Many kinds of multicore cable
may be specified including
screened varieties, and any length
can be woven into a flat cable-
form. The fact that 'Mar-

polarity and continuity tests at up
to about 2M ohms. OPerating
from a 12V battery and with an
input resistance of 660k, the
Combi-Check is available from
Toolrange Ltd, UPton Road,
Reading Berkshire RG3 4fA, tel
0734 29446.

O The lnstitution of Electrical
Engineers are to hold a one-day
colloquium on 'Techniques of
Medical lmaging'. lt will take
place on Wednesday 23rd Nov-
ember at the I EE headquarters at
Savoy Place and will cost non-
members €33.35 plus lunch. The
lEE, Savoy Place, London WC2R
0Bl tel O1-24O 1871.

O Thorn EMI Electron Tubes Ltd
have published a paper called
"Voltage Divider Design" which
deals with design of divider net-
works for use with photomulti-
plier tubes. The paper covers
such requirements as linearitY,
scintillation counting, speed of
response/ etc, and is available
free from Thorn EMI Electron
Tubes Ltd, Bury Street, RuisliP,
Middlesex HAA 7TA, tel 08956
30771.

O The PBL 3747 monolithic lC is
designed to solve matching pro-
blems wherever a high im-
pedance source must be fed into
a low impedance load. lncor-
porated in a TO-92 plastic pac-
kage, the device has an output
impedance of 60 ohms, an input
impedance of 66M ohms, 1% dis-
tortion at its maximum output of
200 mV, and 2.5 dB gain at 1000
HZ. Contact RltA AB, Market

coniweave, can also be woven in
the form of a tube allows extra
wires to pass through the centre
and to accommodate other ser-
vices such as small tubes carrying
liquids or gases. Tubes and opti-
cal fibres can also be combined
with wires in a flat ribbon and
spacers can be inserted auto'
matically to maintain a constant
and controllable distance bet-
ween wires.

Applicatons for 'Mar-
coniweave' are foreseen in many
areas of communications, especi-
ally those where the position of
each wire relative to every other
wire must be held constant.
Further applications exist in the
fields of computers, test equip-
ment and many other inslallations
involving large numbers of elec-
trical connections. Marconi
Space & Defence Systems Limited,
Wesl Avenue, Kidsgrove, Staf-
fordshire, tel 0781 5 3501.

Chambers, Shelton Square,
Coventry, lel O203 27259.

O National Panasonic have in-
troduced three new sizes of 3V
Lithium - Polycarbonmonofluor-
ide batteries to their range for
use in memory support and long-
life standby applications. New
sizes are 2/3 AAA with 300 mAh
capacity ('10.5 mm dia x 30 mm)
and A size with 1.9 Ah capacity
(17 mm dia. x 41.4 mm). Cells are
available with either solder tags
or pins and have a shelf life in
excess of 10 years. Special Bat-
teries Division, Panasonic lndus-
trial (UK) Ltd,300-318 Bath
Road, Slough, Berkshire SL1 6iB,
tel 0753 34522.

O The Open Computing School
offers courses in everything from
beginners BASIC to the more
sophisticated information ret-
rieval systems. Courses are self-
paced and students can choose
their hours of attendance. A 15
hour BASIC course costs f45.
Details from )ack Flatau, Poly-
technic of the South Bank, Bor-
ough Road, London SE1 0AA, tel
01-928 B9B9 extension 2468.

O Cumana have introduced a new
S%"disc drive for the BBC and
Dragon microcomputers which
will be sold through High Street
outlels such as W.H. Smiths. The
drives have theirown po*er supp
ly, are available in {0 and 80 track
single sided and 80 track double
sided rersions. and come with a

12 month guarantee. Two drive
can be used simultaneously with
the BBC and up to four with the
Dragon.
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Miniature Position Sensor
!toneywell has introduced a
I llow costversion of its smallest,
ceramic-packaged, Hall effect
sensor. Consisting of an epoxy-
coated lC mounted on a 7.5 mm
ceramic square, the 8SS has a tem-
perature range from 0 to 50'C
making it ideal for room tempera-
ture applications.

The 8SS has a two-state digital
output and responds to variations
in magnetic field, generated by
approach and withdrawal of an
external magnet. Small size and an

operating frequency of 100 kHz
make it extremely versatile. Appli-
cations include sensing of cam
position, ignition timing, poten-
tiomenters, tachometers and

SHORTS
a A note of gloom to start the
wintel on. Business information
comphny Dun & Bradstreet Ltd
inform us that 562 electrical com-
panies went into liquidation dur-
ing the first nine months oI this
year, an increase of1 1.50/o overthe
same period last year. There were
72 bankruptcies in the industrY in
the same period and this rePre-
sents a 9% increase on last
year's figure.

O Have you been ripped-off?
lnmac's new sprocket-hole rein-
forcer tape will repair damaged
computer printout as well as Pro-
tecting undamaged Printout.
Made of tough clearvinyl, it is sim-
ply cut to length and the Pre-
punched holes aligned with those
of the printout. Further informa-
tion can be found in the free, full
colour catalogue which is avail-
able from lnmac (UK) Ltd, Davy
Road, Astmoor, Runcorn, Chesh -
ire WA7 1QF, tel 09285 67551.

O Lloyd's Register of Shipping
har e produced a unique English/
fapanese dictionary of technical
terms. Although aimed primarily
at the shipbuilding industry, it
co\ers a wide range with 5000
enlries in -192 pages, and best of
aIl, it's free. Lloyd's Register of
Shipping 7-l Fenchurch Street,
London EC3M 4BS, tel 01-709
9'! b6.

O LE. Developments have pro-
di.rced a range of printed circuit
mo.rnting DC-DC converters
nfiicfi oiier a choice of regulated
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wherever a miniature sensor is
needed. A linear output version is
also available.

85S devices are available for
two voltage ranges: 4.5 to 5.5 V
DC and 6 to 1 5 V DC, and output is
either bipolar or unipolar current
sink. Maximum operate magnetic
field is *0.0025TTes14 minimum
release is -0.025T, and minimum
differential is 0.004. Mounting
and package options available
include lead wires, solder pads
only or variations on the standard
PCB termination pins. The cor-
ners of the ceramic can be
cropped to reduce the size of the
package where space is at a pre-
mium.

and un-regulated fully isolated
outputs from standard 5 and 12
volt inputs. the converters are
available in 2.5 and 6 wattversions
with efficiencies of 50o/o and 70%
respectively and with outPuts of
r-5v, '1-12V, +35V +180V and
+24OV. K.E. Developments Ltd,
The Mount, Toft, Cambridge C83
7RL, tel O22 026 3532.

O Another useful address for
everyone out there with a muti'
lated multimeter. Aughton Auto'
mation Ltd of 29 Woodward
Road, Kirby lndustrial Estate,
Liverpool L337UZ, can repairand
re-calibrate most electrical and
electro-mechanical test equiP-
ment. Their telephone number is
051 548 6060.

O Bring your Sinclair up to date
with Clanmire Electronics' new
Time Controller. Consisting of a

battery backed up real time clock,
it provides the computer with
month, day, date, hours, minutes,
and seconds and has eight Pro-
grammable inputs and eight Pro-
grammable outputs and an exten-
sion for the attachment of further
peripherals. Available for the
ZX81 at f34.50 and for the SPec-
trum at f 38.50 direct from Glan-
mire Electronics [td, WestleY
House, Trinity Avenue, Bush Hill
Park, Enfield EN1 1PH, tel 01-
366 3245.

O Toolrange's Combi-Check is a

hand-held combined voltage and
continuity tester. lt detects the
presence of 6, 12, 24, 50, 11O,
22O,38O, and 650 V DC or uP to
100 Hz AC, displaying the result
on a row of LEDs, and will make
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OEM USERS
Pantechnic present the most adapiable high powered amplifier ever

FETSYSTEM rt'rtp
Features:
a HIGH POWEB. 1,2KW (single ended)
a LOW VOLUME. .l/1 5 Cubic foot inc Heat Sink
a VERSATILE. Delivers more than 1 KW into % to 8 ohms
OR2x600Winto2to8Q
OR 4 x 300W into 2 to 4 Q (200W into 8())

r 1 x 600W into 2 to 8Q
oR It x3oowinro 2to4e(t xtsowinto4toSr)
Etc Etc.

Having been closely involved in a wide varietyof O EM applications o'
their amp boards, Pantechnic became aware of numerous impie-
mentation problems often left untackled by otheramp board man--
f actu rers. These problems specif ically of size and therm al eflicie 1c!
became particularly aggravated at high powers and considerab i
lengthened OEM product development time
By including thermaldesig n in the totality of board desig n it has 5 e e-
possible to reduce the size of the electronics, and lncrease:^s
efficiency of the transistor to heatskink thermal circu t Tle ;:--
bined effect of this has been to dramatically increase the vc - -e:- :
efficiency of the amplifier/heatsink assembly The SYSTEM --:
offers 1 2KW of power in a space of 180mm x'J2--
excluding PSU and Fan.
The basis of this considerable advance is the PANTEa- - j -3a:
Exchanger, newly designed and manufacture. ci -s 3-
eliminating the laminarairflowfound in conventiona ex:'-33s -.a:
sinks, heat transfer to the environment is greai i e- ^3 -.s l
The f lexibility of the 1.2KW amp stems f rom ts cr!,s .. -:: 4 corel-
tiallyseparate amplif iers of 300W each (downi-a:eac e,r i^ cosi sav-
ingsto 1 50W.)These can be paralleled increasrng c:':er'; capabi ity
or seriesed (bridged in pairs) doubling voltage capacii,ty ln conse-
quenge a large variety of amplif ier/load stra'tegles can be imple-
mented.
Pantech n ic ic oc: o.s lncludtng DC

R'r:mer on 0l -800 6667coup ing ultra high s evr etc Conia:: P:
with your particular applicat cn proc en-

OTHER POWERFET AMPLIFIER MODULES
Mod6l Prlca Rsnge Dyn.losds Note8

(RMS)
.PFAIOO 21 96 50-150W 4 .8 Physically small (32 x 78 x

108mm)
High watts/C ratio
5dB dynamic headroom
Drives 70V line direct
25A cont outDUt current

mounted on type 74 Heat Exchanger (see below)
*The power output of these amplifiers can be increased by approx
1 5o/o with no diminution in quality by adding PSU 1 O2 (€7.61 ) to your
existing power supply

Some Other Products & Components
Ty pe 7 4 Heat Exchanger. Dissipates 3OOW ( 1 2 KW blown) €7.50.
25A 4OOPIV Bridge Rect. €2.17
1OO,oOOuF lOOv cptn grade with clip €9.75
PAN20 Pre-amplif ier module Very low noise and distortion 88.48
PAX2/24 2 Way active crossover (specify f requency) €1O.1O
PAX3l24 3 Way active crossover (-do-) €19.50
PSU103 Powers 2 x PAN20 + 2 Xovers €6.91
PANl 397 20W power amp. (LOW THD) e5.O4
PSUIOl Powers 2 x PAN1397 83.43
Transformer f or l0l f4.30 (inc postage)

Nom VAC 160VA
40-0-40 10.43
45-O-45
50-0-50
70-o-70
(for PFA/HV)

TOROIDAL TRANSFORMERS
with special low f lux windings
225V4 300VA 500VA 625VA 750VA

Translormer prices include postage. Ask for leallet "Choosing a Transformer,,

Carriage 75p. Add VAT at 1sok to all prices,

BBC Microcomputers
:1 :- ! .146 95
rl -=:-t: l: 43t95
'.: - :: :::: ::, , ,,,, ep e,l i t )r,,r.,,1 11.L

::-.i

EBC Micro Econet

.= 
.= .= . .= - ,. 

"r,rrl.rble 
lnsLollotron

CcnpctibleDisc Drives
::, reBBC M r:,, ,rr.

6402
75t07
751 t0
75t 50
75t 54
75t60
75t61
75t62
75t72
75t73
75t71
75t75

380
0 47

064
417

280
395

Interlqce Devices Regulolors
78L05 0 30
18Lt2 0 30
78LLS 0 30
7805 0 4u
18t2 0 40
78t5 0 40
7E05 0 15
7912 0 45
7q 5 045
LM309K I 20
LM3I7K 2 40
LM323K 4 50
LM338K 6 25

Dqto Convertors
uPD7002 Dl 4 26
2N425 Dt 345
2N426 Dl 300
2N427 DL 599
zN42B I)l 4 75
2N129 r)l 2 0
zN43l DL 1300
zN44S I) 2 55

Crystcls
tMHr ?.75
I ba32 MHr I 92
4MH, 061
8MH/ 0 sti

DIL Sockets
P,rLs T,r Gold W/W

87625
1402635
t602910
IE33350
2053760
22 )7 38 6!
:4 2t 16 70
:8 21 55 B0
{0 3t 76 qll

l5 82,
?5 83
75 88

050
050
037
037
02)
022
022
022
OBB
03t
042
300
641
410
670
250
037
037

BEC Micro Accessories
r!.-1: - : r: UHF Modulotors

75189
75451
75452
75153
75454
75468
75,19 I

754S2
AY3t0t5
AY3t270
AY3BSIO
AY53600
DP83C1
!1C | 188

\Cll,l:A 6 30
tlaltl6 D 250
)1--t{1SA Dt 375
) 1--t;3t D5 7 30
:1:rls- Dr 200
t1--.=:. Dt 765

945
550

:ic

Linecrs
L203
LF398N
LM3OI AN
LM3O8N
LM3I IP
LM3 ] 9N
tM324N
LM348N
NE555P
NE556CP
TLO]O
TLO6 I

Tr_062
T1064
TLO66
T107t
'tLa72
rLaT 4
TLOS]
TIO82
TLO84
TLO9I
TLl]92
TLO94

TL489
TL491
TL{ 96
TL5O7

11)
111
118

t1:JC
:i6:!

BBC Micro Softw'ore
r en \\'rr ]pr,.rt.s. r J.
. t'to:

BBC Micro Softwore
Fullrorgeov,,rlob e Pleoseleleohorelors o, k

3EC -"!:
:: ' :j ]
:! ,-:

6800
6802
6809
68t 0
B82t
6840

ZIF Sockets

;..3 P, B 20
ttP q/5

,PFA200 29 52
PFA/HV 36.04

.PFA500 45 22
55_ 33

1OO-3OOW 4l 8!l
2OO-300W 4,8,,,16

250-6OOW 2!:4\!,i

'l2.oo 13.o4
12.OO 13.O4 16.96

16.96
't 6.96

Memories
2t l4L 200NS Dl
2708 450NS D2
27t5450NS Dl
27t6350NS Dl
27t63 RoLt Dr
2532 450NS D2
2732450NS Dt
2732350NS Dl
2764 300NS D l

4 I t6 150NS Dl
4 il6 200NS D2
4 I t8 t50NS Dl
55t6200NS D2
6t t6 150NS Dl
6l l6 Low Power

IsONS D2
4 I 64 200NS

T] D3
4 I 64 200NS

NEC D3
45 6/48 I 6

IOONS D2
4532 200NS D2

6800 Fmilv

8080 F<mily
8085A D4
82)2
82r 6

82',28

8251 A D5
8253
8255A t)5

6500Fmily
6502 D3
65024 D3
6520 D1
65204 D t

6522 D5
65224 D5
6532 D2

BO

95
45
95

45
45
95
B5
BO

25
45
30

495

:95

:95

350
I l0
t00
2 t0
327
250
(00

325
500
250
3 t6
300
550
550

.EC
030
090
090
090
090
090

29s

Floppy Disc
Controllers
827 18 C0

fDI?7t D5 t5 0C

m179t D6 22 m
mt7B3 D6 23 ll
rD 1795 D6 28 ,C
fD i 797 D6 28 lC
wD169i D2 tZJa
R.D2l1l 0 D2 a:S

065
115
421
043
050
t99
030
060
0 t6
045
039
029
049
0sB
029
02s
447
t00
026
046
t58
c40
058
134
062
c62
t63
060

33
r60
0 t4
048
a 2.7

ovdloble onitems
mdrked D
Plces ore os iollows
Dl 075 D5 200
D2 t00 D5 300
D3 125 D7 400
D4 200 D8 500

lol owLrg pa,d,rr s rs
( ( ()erl ,,r sl.( k (nd rs
l,sled ,n ,,u, t FEtl

r ?4 t,S Se'Les TTC
* 4000 ser es cMos
r 1l B poL. rMF.rores
t 9900 seiles M,( r.s
t Crysl.lj
r IDC C. ,d Edq. &

D Tyre C.,tur., l.rs
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c,,r.!r M.n, ors
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ti trose,s
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D5 250
D6 630

D3 t0!

6845 D5 6 51rl

6850 D2 i lil
68488 D2 7 Jll
58800 D7 5 25
68809 D6 I: OC

68810 D) a2E
68821 D3 ::t
68840 Dl 6 ,r!
68850 D2'.il

Hindercloy Rd,
Rickinshqll,
Suffolk

280 Fcmily
Z8c) ACPU D2
Z8OBCPU D2
Z8O ACTC D I

ZSOBCTC D]
ZSOADART D
ZSOADMA D2
Z80APIO Dl
ZS1]BP]C tr]
Z8O AS IC Di
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PROIECI

16 CHANNEL
VERTER

Get your micro to do some real work with the aid of our
versatile unit. Design by Bob Campbell.

onnecting one's micro to the
outside world is pr.obably
one of the most rewarding

you enough money to pay for the
project itself!

To linl< the digital world of the
micro to the real world of analogue
signals an interface is required.
The interface is used either to turn
a digital signal into some meaning-
f ul voltage or current, or to convert
a vo gital s

that r can i

The ogue
side more
quately covered in the March
issue of ETl, so this article rr ill pre-
sent the other side of the coin, the
analogue to digital converter. As
rvith th s

design rine
Micron but
consideration has been given to
the question of adapting the
design to suit other systems, in-
cluding 280 based computers.

The circuit is designed around
the industry standard ADCO80B or
\DC0809, both of which are 8 bit,
8 channel, microprocessor com-
patible analogue to digital conver-
iers. The difference between the
0809 and 0808 is the accuracy,
ceing -1- 1 LSB and -1 % LSB res-
cectively. The converter is a
a\1OS device made by National
Semiconductor amongst others,

"nd uses a conversion technique
i''ro\\'n as successive approxima-
:lon. This technique usually pro-
,ldes fast conversion times, to-
.ether with good overall accuracy.
Cther features of this converter
="e single supply operation, no
-:ro or f ull scale adjustments re-

ETI DECEMBEB 1 983

quired. o\,, co\\ er. and guaran-
teed rnorctc.nicltr. This last point
can be ,, en r-rcortant, particularly
in hieh sDe€c c osed loop feed-
back-sr :-€^- ! \c i-Tronotonicitv
in sucr si:ua: l-:= r.,ouid produce
osciiia:io- ,,, - .. could be catas-
trophlc'c':-E j'.s:em beine con-
tro i:e o.

The -= - a:^ " E.: a- e €.renis
of the ,-'i,,-: =-: r ^ .' -:a li.ce.
chopcer'!:;..:i s:a aa--3ar::or a
256R ,.C:r:a I ; lc'-=:','. -'\ a'.ij
an aaa C;,a:'.'" :a^:'€i -,=e.-i'
\\i."- f: -':-'-= l:--lE::.t:
;n--.-\ --:- - -J: a-:. - -f, -- a-

:h= : --.=1=- : z- 6 -ia"^€
ara ar-E --:3 erer cortroileC
b,, a J : - 1rr:€s: ,atch gir ing the
:a - , C --E' :-:ess io an\ one of
E'<^:: -= e-e-cei analogue sig-
'-=.. =.i'i 1 shorrs the internal
D ,::\ ll1<'a-: oi the converter.

-_^e :'':r:i is designed on the
STABT

CONVERSION

lnternational-size card to suit the
Microtan, and includes provision
for two converters giving a max-
imum of 16 channels. The remain-
der of the circuitry consists of the
data bus buffers and address de-
coding, and lC3 which is used to
convert A2 and the R/W line into
\RS anC NWS (NOT READ
STROBE and \ OT WRITE
STROBE). Processors like the ZB0
aireadv have these as RD and WR,
ancj ihus do not require lC3 to be
;l tie cj .

The decoding section is very
sinrilar to that used in allother
recent Microtan designs. lO is the
only non-standard signal, and this
is decoded with 43-49 inclusive to
produce 128 eight byte addresses,
any 8 of the 128 being available at
any one tirne. The remaining three
address lines A0 to 42 are used to

CLOCK
(CLK)

rAL
,uT

D7

DO

I
19

-l
I

I

ilvcc cND

- 8 CHANNEL
HtULItPLE
C- i.\ALOGUE

^ S't ITCH

r-
F_

z

z

AO

A1

ADDBESS
LATCH

ENABLE
(ALE)

REF+

the ADCOBOB.

CONIBOL ANt)
TIMING LOGIC

OUTPUT
LATCH AND

BUFFER

Fig. 1 lnternal block diagram of
REF_ OUTPUT ENABLE (OE)



+5V 1a+b

tRo'l3a

02 3a

R,/W l7a

A0 5a

A1 5b

A2 6a

43 6b

A4 7a

A5 7b

10b O-i

,,L nu

10aH

*o,

Fig. 2 Circuit diagram of the 16 channel
A/D converter.

D0 19a

D1 2Oa

02 21a
D3 22a
04 23a

D5 24a
D6 25a

O7 26a

-0V 

32a-b

P|NS 11,12 PtN 14
tcs tc6

P|NS13.16 PrN 7

2a

s
4e

*VREF EOC
vcc

CLK

-VRer
sc

ALE

OE

tc1 Ao

A1

t0 42
tl D0
t2 01
t3 D2
t4 D3
15 D4
t5 D5

t7 D6

o7

rvREF Eoc
Vcc
GND CLK

-Vner
START

ALE

OE

rc5 Ao
A1

A2
DO

D1

D2

select the input channel for the
converter. Setting the address of
each converter is accomplished
with DIL switches SWl-4 and with
links between C0-C7 and E0, E1.
SW1-4 set up the overalladdresses
of the B, eight byte blocks and the
links are used to select the in-
dividual block of each converter
within the overall address. For
exam ple, setting sw1 -4 to 1 , E0,
to C., and El to Cl will give us an
address block 16 bytes long,
BC00 to BC07 for lC1 and BC08-
BCOF for lC5 (48128 to 48135
and 48136 to 48143 inclusive.)

Construction
Before commencin g construc-

tion you should decide which of
the various circuit options you
wish to include. lC3 may not be
needed depending upon the. 

.
micro-processor you are worlcing
with, and R1, R2, Q1, and Q2 will
20

Since the operation oi the circuit is quite
rrell corered in the section on program-
ming and elserthere. rte rtill detote this
section to the {DC0808/9 itself.

There are three main elements to the
con\ erter the successire approrimation
registelS\R , the comparator and the
resistor ladder-srr itch lree arrar I n addi-
tion there is a 1 of 8 analogue multiplerer
to select the input signal. timing and
control logic, and tristate data buffers,
which as a rrhole iorm the data acquisi-
tion circuit.

s reset on lhe positit e edge of
nversion pulse. and ii another
s applied during an incom-
version the current con!'er-

sion will be aborted in iarour of the new
request. Continuous conversion cycles

ng the end of con-
to the SC input.
,1 of8 selected by
d through to the

comparator. this comparator is respons-
ible for the accuracy and repeatability of
the converter and the 0808/9 uses a
chopper stabilized technique to achieve

the specified stabilit The
other output to the rom
the snitch tree and the
prerious approximation to lhe input
signal. The comparator first converts the
DC input signal to an AC signal then
boosts this -through a high-gain AC
amplifier before reslorine the DC level.amplifier before resloring
Thus any DC drift component of the
input signal is filtered out at this stage,
prior lo the actual conversion taklng
place.

The output of the comparator is then
fed to the SAR which in turn controls the
next output from the switch tree. Thus on
each successive iteration the output of
the switch tree is fed back via the com-
parator to the SAR to form the next itera-
tion. On the eighth iteration the output
will be within th [SB of the ideal value.

utputs,
a gofthe
c by the
c ween a
minimum of 10KHz and 1.2BMHz
maxlmum.

WORKS
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PROf ECT : 16 Channel AlD Converter
l= n6@NE OOCOOOOO not be needed if you plan to use

interrupt driven routines. Provision
has been made for the inclusion of
various input filter and attenuator
components on the board, and if
none is used you will have to insert
links in their place. The standard
arrangement is a simple I k series
resistor but a number of possibili-
ties exist and a few examples are
given in Fig. 4. Since every applica-
tion is different it is not possible to
cover every requirement, and you
may f ind it necessary to experi-
ment a little here.

As with previous prolects, a
double sided board has-been used
but without plated through holes.
This helps to keep the colt down,
but it does mean that a lot more
care has to be taken in the con-
struction. The positions of the
through board links are shown on
the component overlay drawing,
Fig. 3. Sockets have been specifled
for allthe ICs and should cbrtainly
be used for the A/D converters at
Ieast because these are CMOS.
The DIL srr,itch could, of course,
be replaced rvith wire links, and
rvhilst the switches are preferable
they are certainly not cheap.

With the assembly complete,
the next stage is the programming.
To initiate a conversion of a
specific analogue channel a write
operation on that address must be
performed. This could be, for

l

q
Y

^.-,k...,,..,,..........,..-.".-,,".........,,".............e.........,a,k-.,.,4/---4@ -,.."/..,.,,." "-,.;.".,, ".-.... "
Q.?-"r--,r,----..",e

*/4,2/,,,,,..///4'.,'u,&-.L4/.2*x./iD

D*-,.," -,,,,,,,,..,.,..*-...tuh - "*

*,,,'.,,.,,,,,,,,,,'-',,,,,.t/;/.k.,tu,,.4..,,....,,,,,.. .,..,,,,,..,--*---k-d,D

*4-4'24?42/%4.4

" "7""'(*---499

r------t

801f,I N tJoJ
AVM OZ

Fig. 3 Component overlay of the PCB.
The blocks marked A, B, C, D, E, and F

are positions where input filter compo-
nents may be inserted. lf none are
used, links should be inserted in posi-
tions A and B.

ETI DECEMBER 1 983

,v.Dr-n,--?. ::;:;a -' . t- - '

Resistors
R1, 2

Capacitors
C1
c2,3, 4

Semiconductors
tc1, 5

tc2
rc3
tc4
tc6
tc7
tc8
Q1,2

Miscellaneous
DIN 41612 64wayindirect edge connec-
tor; 20 way male PCB header and match-
ing IDC PCB; 4 t
sockets, 1 20 pin, n
sockets; ch, quad n
cable, in compon

3k3 %W 100/o (see
text)

10u 16V radial
100n ceramic

ADCO808 or ADC-
0809 (see text)
74LSO2
74tS00 (see text)
74 L51 38
74 LS30
74LSO4
7 4LS24s
8C184, 8C109 etc
(see text)

1--------l

BUYLINES



I

example, POKE 48128,0 in BASIC
or STA BC00 in assembler. This
latches the address and pulses the
SC input via lC2 starting the con-
version on that channel. Assuming
for the moment that the system
clock used is 750 kHz and that the
EOC link has been omitted, then
we must wait for B0 ps before the
converted data is available on the
data bus. lt is a simple matter then
to read from the same address as
before to obtain that data. For
examole DATA: PEEK (48128) or
LDA t COO. The OR gate lc2
makes sure th
or E1 and the
low before pu f
the converter
tristate buffers. ln fact on the
authors system the time delaY
associated with BASIC means that
PEEKing immediately after POKE-
ing thelequired channel address
works well, eg

1O POKE AD, O

20 DATA: PEEK (AD)
3O PRINT DA
40coTo10

By connecting the EOC link the
need for the time delay routine
can be avoided. ln this case the
EOC signal is used to pull the IRQ
line low on the processor causing
an interupt, which must be han-
dled in the normal manner with an
interupt service routine. Such a
routine is difficult to implement in
BASIC but is very simple in
machine code or assembler. One
particular point to note if using this
technique is the EOC delay time,
which is the delay before EOC is

rNPUrc>#,a+roAoc tl'n|?t"'

TO ADC

CURRENT TO
VOLTAGE
CONVERTE R

converter.

Applications
The most common use of an

A,/D converter is simply to measure
a voltage generated or controlled
by the equipment under observa-
tion. The voltage transducer may
be anything from a strain gauge
amplifier to sornething as simple
as a variable resistor acting as a
potential divider. This latter case is
an example of a ratiometric type

Fig. 4 lnput circuit arrangements.

22

Tws

STABLE

COMPARATO P
I NPUT
INTE R NA L

OUTPUT ENABLE

tEoc

Fig. 5 Timing diagram for the ADC0B08.

+ tS +lHr>

.+tD+ <%LSB

SYMBOL PARAMETER

Tr,vs. Minimunt Start Pulse Width

T,,rlLr Minimum ALE Pulse Width

t. Min Address Set-UP time

tr Min Address Hold Time

t r Analog MUX DelaY Time

from ALE

t F OC DelaY Time

I r. (onrersiontime

f, Clock FrequencY

MIN TYP

1 00ns

1 00ns

25ns

2 5 ns 50ns

lus

0

90us 1 00us

10kHz 6,101<Hz

MAX

200ns

200ns

50ns

2.5us

B clocl< cyc

*20us
116us

1 2B0kHz
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Fig. 6 Ratiometric conversion



ROIICf:jO Channel AID Converter

of transducer, where the input
being measured is expressed as a
percentage of full scale which is

the supply voltage itself is more
than adequate.

The ratiometric conversion
technique equation is

where
Vin:input voltage into the
ADCO8Os
Vfs:full scale voltage
Yz:zero voltage
Dx:data point being measured
Dmax: maximum data limit
Dmin :minimum data limit

Applying this equation to the
potentiometer example shown in
Fig. 6 we get

Oout_Vin_Vin- Vref Vcc

where 4.75V Vcc: Vref 5.25V
and the Qout is the 8 bit digital
output.

The most obvious example of a
use for the potentiometer as a
transducer is a position encoder,
which could be a joystick or a
rotary shaft encoder on a robot
axis motor. ln fact the uses for
such a transducer are alrnost end-
less and similar ratiometric trans-
ducers include thermistor bridges,
pressu re transducers, etc.

Some applications require the
measure to be made rvith refer-
ence to an absolute standard
voltage or current. There are two
widely used methods of reference
conversion, ground referenced
and centre r6ferenced. ln each

numerous ways of
supply and refer-
and examples are
7 and 8.

280 Conversion Notes
As mentioned in the introduc-

ecessary

[?1,,u
lines

directly substituted for N RS and

ted RD or taken permanently high
A0 to A7 inclusive are identic"al

but in the ZB0 case must be used
with the l-Onrq line to decode an
output address. The simplest way
to achieve this is to substitute ACi

tal<en to any TTL clock of a suit-
able f requency i.e. between 1O
KHz and 1.2 MHz. A 4 MHz sys-
tem clock divided by four with the
aid of a 74L574 would prove
suitable.

ETt 2s

DxVn
Vfs - Vz Dmax - Dmin

Fig. 7 Possible circuits for ground
referenced svstems.

Fig- 8 Example of centre referenced
51stem.
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THEMPFIPI.US
Just look at the specification:-

Tech ni cal Specif i cation
CPU: Z80A- 158 instructions
SofTvtare:
a 280/8080/8085 machine code

Display: 20 character 14 segment green
pnospnorescent
Expansion:
O SocketforBKROM
O Cassette intertace
O- Connectors 40 way, complete CpU bus
Keyboard:49 key. Fiil "QWERTy" real

via audiocassette 
e

Manuals
1. User's Manual. I chaoters.

1 . Over view and tnstallation.
2. Specification (hardware and
software).3. Des
Operation. 4. Op -1
Plus. 5. 44 Usefu
6. The Text Editor.
7 . Assembler and Disassembler.

Con
16e

urce

PF-1 nt
Work Book (self-learning text).

2
3

Accessories

THESE FEAruRESI
COMPUIER

a

O

O

SGB-MPF - 1 P : Sou nd Synthesize r
Board.

canueniently - as opijosed to
mtcro'.'comp thataim to

a llo -MPF-IP: lnput/output board

I

I
I

I

I I enclose t165.00 (t140.00 + t21 VAT
', Olus tl carriage).Oyerseas p.O.A.

-t
I

I
I
I

I
t
I
I
I

I

I

I

I

I

I

I
t
I
I
I

I

I

I
I
I

I
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I Cheoues pavable tott FLtcHT ELEOrnorutcs rro.
Please debit my F* l n
iJarclaycard/466s55 rr -
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MICRO[AN 65 to aHER 6 ontpurEz ts 45 Eaevau
For less than e60 you can start building your own Computer
that truly suits your needs and, of course, eventually far more
superior to any Computer available ofl-the-shelt

IMICROTAN 65 comes in kit lorm, complete with manua, f ul
instructions, board with components, (kit form or f!lly built)
ourfull back-up service, and yourown t\y'lcrotan World
lMaqazine available on subscription

FLEXIBLE & EXPANDABLE SYSTEM - 1 Kto 256K!
Just look al the options:
1 DISKCONTFOLLER
2 FEAL TIME CLOCK
3 EPROtv! PROG CARD
4 SOUND BOAFD
5 SEBIALl OBOARD
6 PARALLEL 1'O BOARD

FULL RANGE OF SOFTWARE
Languages available; Machine Code,

Assembly, Basic, Forth,

7 N4ASS EPFOM STORAGE BOAFD
8 INDUSTFIAL CONTROLLER BOARD
9 4OK RAM BOARD

1 0 HIGH HES GHAPHICS 256x256
1 1 PHINTEF FACE BOARD
12 ASC1l KEYBOARD2

Board with components
(built or kit f orm)

Microlan
World Magazine

I and Pilol

HOWTO ORDER:
Enter details rn the coupo losing
your cheque made payabl nic Cbm-
puter Systems Ltd. Prices add C'1.50
p&p Please allow 14 days for delivery

MICROTANIC COMPUTEB SYSTEMS LTD
16 UPLAND RD LONDON SE22
Tel No 01 -693 '1 137

Please rush me my starlet kil:
(Please tick)

E kit form - I will build myself 159 95

E Futty Buitt c69 95
E Complele system wall chart
I enclose my cheque/P.O lor E

Name

BUILD
AS FASI
OF SLOW
AS YOU
LIKE!

3
Full
instructions
manual Company

Address

MICROTAN COMPUTER
SHOWROOM:l6UPLANDFD

DULWICH, LONDON SE22
TEL: O1-693-'1 1 37

LTD Also available From:
Waltham Forest Computer Centre
889 Lee Bridge Fld
Nr Whipps Cross, Walthamstow E7
fel 01 -52O 77 47 LE

Tel (Day)
Tel (Eve)

-J

Prices including P&P and VAT

VA Size f
15 0 679
30 1 758
50 2 860
80 3 964

120 4 10 51

For l10V primary inseil "O" in place of "X" in rype numbei
Fot 22ov ptimaty ( Europs) insert " 1 " in p ace of "X" in tYpe number
Fot 24ov p(imary (UK) insert "2" in piace of "X" ln rype number
IMPOFTANT; Reculation'All vollas€s quotsd ara FULL LOAD
R.$e add r.gulalion Iiguro to $condEry voltags to obiain oII load vol146.

VA Srze
160 5
225 6
300 1

500 8
625 I

€
r167
13 64
14 A7
19 30
22 62

Mail Order Please make your cro$ed
cheques or postal orders payable to I LP
Electronics Ltd
Trade - We will open your credit account
immediately upon receipt of your first
order

Post to: I LP Electronics Ltd., Dept. 2
Graham Bell House, Roper Close.
Canterbury, Kent. CT2 7EP

E
vtsA
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FEATU RE

HINE DEP C MING
ls re add g an exarnple of keeping it in the family? This,
and que , will be answered in the third part of our
series on Machine Code Programming written by Bob Bennett.
I ast m a couple of CPU addressing
I mode ut beiore I give any .ote I
I-would ain a couple" of things. First,

whenever possible, I will give other CPU direct
equivalents to the Z8O instructions, bui lcan't
possibly mention every CPU. Wl-rat I hope to do is
mal<e it possible for you to recognise your own par-
ticular CPU instructions. To help yor-r do this, don't
pay too much attention to the name of the addressing
mode, but rather what happens because of the
instruction; different manufacturers have, at times,
used slightly different terminology to describe similar
actions. The second point is that every example I will
give the hex code fi rst followed by the rnnemonic
thus,00h - NOP.

Although machine code doesn't use line numtrers,
the BASIC statement CO TO 100 has a very near
equivalent in machine code, but the comparison can-
not be tal<en too literally. These equivalents are the
jump or branch instructions, part of lvhich fornr the
relative acidressing nrode. ln this mocie the instruc-
tions are turo bvtes long, the first bi'te is the functicrr
and the second is the offset. The Z8[r rnsiir-,-r'c - se :
the straightfortr'ard jLrr.np i,r:lruct L,'. ccce i. -'6i -
fR,e, or jump relati'"'e br the a'-rcr'-: a- --. :'-..:
byte e. Why relative? t\ ei iire',. -.e .' .-: ---:: : .--:
indicates a destination f or irre .. --i '= :.- ,: -. --a
current program position,

count backwards or forwards until you reach the des-
tination for the jump, as shown in Fig. 6. Another
method would be to take the destination address, and
the zero address, take the lower from the higher, and
add the sign accordingly.

LOWER ADDRESS

-128 \tAX = 80 HEX

FUNCTION BYTE

OFESET 3YTE

ZEqC CC! \i .:lla:Ss

----

i

I

I
BRANCH )

rNsrRUCTroN 1

l.

\,EXi

2S 1=255=FFHEX

1 =01 HEX

1lGH.R ADDRESS
+127 N4AX = 7F HEX

Because the offset is onl', on€ il', .: :'a '-:. ^'-^' Fig, 5 Counting the value of the offset byte.

;Lrmp is 255d (d - decinra ) or FFir
rvhich direction? The numbers 0 to I5 -. lssunre that you have counted 100 places bacl<-

,.'.arcl s, Fig. 7 shows what happens next. Alternatively,;' \ oLr subtract the bacl<wards count f rom 256d, the
ans\\ ere is a decimal number equal to the 2s comple-
nrent, rvhich you then convert to hex.

so a forward direction is indicated; thrs =.
blem of going bacl<wards. No streai, .i-e : -:,'
in the use of the 2's complenrent. \e', e: -
Don't worry, all will become clear.

Tal<e tl-re maximum range of a byte, tc
split it; the first section, 0 to .,l27d (7F \ 

,

rrard or positive range. The second Stepr '. .'.'- 'e it
nright get confusing so watch it carefulil': t[-e '':,' oers
lhat are left from 128 to 255d or B0 io F:r out,
because rve need a bacl<wards, or negati', e, c reci:or.r
:he decimal numbers now range f ronr -.1 28 to 1

Renrenrber that I said you woulo 'reec a
i,.rorvledge of the binary systenr? This is r'r,here it conres
r handy. The binary equivalents of the decinra r.unr-
rers 0 to 127 and 1 28 to 255 are 0000 0000 io 01 T 1-111 and 1000 0000 to 1'111 '1111 respecti',eLv. A
- oser examination shows that, throughout the f irst set',' rrumbers, but 7, the leftmost bit, is 0; and
,rroughout the second set, bit 7 is 1.

This mai<es it possible for bit 7 to be used as a sign
: -: reset, or 0, for positive; and set, or.i, for negative.--' ?et the value of the offset byte is easy. Counting
--e byte after the offset byte in the program as zero,

ETI DECEMBER 1983

B ina ry
0-l 10 0100 - 

.l 00 decinral (ignore sign)
.l 001 101 1: ls complementi.e, changeis lsto0and viceversa

1 addl
1001 1 100 : 1 56 d or 9C hex, which is the offset byte value

I

tsit 7 ir set which means a negative count

Fig.7 2's complementing a backwards (negative) count.

Some CPUs do not have a straightforward relative
;r-rmp/branch in the instruction set, but sorne do sup-
port the conditional relative jumps/branches. This is
similar to the BASIC lF X: 0 THEN CO TO 100. The
280 instruction 28h - lR Z,e means jump relative if
the zero flag is set, by the amoung of the offset e. The
6502 code is F0h - BEQ which means branch whenl
zero flag set. Usuallyrnoit of the flags can be used in7

27



the set or reset condition for relative jump or branch
i n stru ctio n s.

Absolutely So
Although the relative jumps and branches are

sometimes of great help in a program, their range is
rather limited as I have shown. To get further afield
requires slightly different techniques, and different
instructions of course. This set of instructions require
an absolute destination, or address, to be specified in
the instruction. For those of you who lil<e analogies,
relative addressing is like saying'go to the third house
past the church' and the absolute equivalent is 'go to
3'l Church Street'. This type of jump or branch is only
a part of the absolute addressing mode instructions,
but for now l'll deal with jumps.

Because, in theory, the whole of our 64K memory

is reachable, the addresses will have to be in tu'o
bytes, so the total bytes for absolute addressing is at
least three. There are special cases that require just
one byte, and some that need four, but l'll cover
them later. Let's assume for now that we need to jump
unconditionally to address 30,000d; Fig. B showns
how to prepare the decimal number into the two byte
hex number we need.

z.AO PROGBAM

JMP
4C

30

15

STACK

EMPTY

EMPTY

EMPTY

EMPTY

EMPTY

EIVPTY

E lr4PTY

L=30

EI\4 PTY

EMPIY

H=75

L=30

+

Fig. 10 Pushing the number 7530hex in the H L pair.

Fig. 9 Absolute iump instructions.

Those. of . you with Sinclair micros may have
noticed, in the manual appendix dealing with the
character set, the words 'after ED' or 'aftEr CB' etc.

A Direct Extension

mode. As the 6800 set uses both of these modes l'll
give a couple of examples.

ln the direct mode, the instruction 96h is con-

called, it still works in the manner that I have des-

ETI DECEMBER 1 983

The 280 instruction C3 - f P pq, where pq are the
address bytes, and the 6502 instruction, 4C - l,MP
are both jump in the absolute mode. Fig.
9 shows amples would be used in a pro-
gram, w tination was address 30,000d.

e low address goes straight
e for j accept that this is so
l'll exp er on.

ln some of the instruction sets the flags status, or
condition, can be used just as in the relative jumps.

Leaving the jump/branch instructions let's have a
look at some more absolute instructions. The ZB0
instruction 3A - LD 4(pq) means load the A register
with the contents of the address pq. Note the use of
brackets in the mnemonic; without them the instruc-
tion would mean: load the A register with the two
byte number pq; two into one won't go! To get the
28

FIRST STEP: divide decimal address by 16
1,875

16 [1b,000 remainder0:0xunits
SECOND STEP: divide this by 1 6

117
It 1,A75 remainder3-3x.1 6
THIRD STEP: divide agaln by 16

7

16 FV remainder5:5x16
As the result is less than 16, we stop therefore 30,000 decirrai :
7530 hexadecimal

Fig. I One way of converting decimal to hex.



FEATURE : Machine Code

page addressing in the form Ld (pq),A, because you
cannot write to ROM.

Pop Goes The Weasel
ln the instructions that l've already covered, the

two bytes, pq, have an address. Later on
I will be giving addr sing pq as numbers,
but for now nrore These erplanations
concern not only what has gone before, but what is
yet to come. Firstly, let us recall the stack pointer
register, SP, as we'll be lool<ing at this irr rather nrore
detail.

As you will recall, the stack is a portion of RAM
which the computer reserves for its otl n Ltse, and, like
the variables area, the size can fLuctuate, The stack is
used to store two byte addresses or nunrbers, either at
the command of the programme[, or as Dart oi a com-
puter controlled sequence. CuriousJr, t e stack is sort
of upside down, with the latest piece i irrollation
going on top of the one before, rrhich nrakes ior a iast
in, first out, situation.

To help you understand the stack, and the
manipulation of pq, I am going to use trvo single-bvte
instructions. These are the PUSH and POP, or PUSH

Using the HL pair to mal<e things clearer, the ZB0

instruciton EF - PUSH HL w,ill store the contents of
H L on the stacl<. See Fig. 1 0 rvhile following the
explanation. Supposing H L contained the number or
address 30,000d or 7530h before the instruction E5

- PUSH HL was encountered by the program. On
reaching E5 the stacl< pointer will be pointihg to the
next empty address available on the stack. First the
low byte in L is copied into that address. The stacl<

sp, d"... (by one) and the
e in ed i w address pointed
. Th is d d again so that it is
rrtin ext dd ress.

The reverse happens on the pop instruction which,
in the ZB0 set is E1 - POP HL. This instruction will
increment SP (by 1), the byte in the new address is
copied into H; SP is incremented again, and the next
byte goes into L. Now SP is pointing to the next avail-
able address on the stacl<.

The 6502 set allows the pushing and popping of
onlv trvo single registers onto the stack. These are the
accunrultor and the status register; for example, 48 -PHA copies the contents of the accumulator onto the
stack. \otice that I keep saying copies onto the stack:
t-hls is to ernphasise the fact that purshing does not
destrov the contents of registers.

The iinal couple of points will be of interest to Z8O

Do you know anybody who can build a Digita! Pulser for only t18.00?

Ihe onswer is yes - itsYOu I '^-.rilE ur!)wEr r) IltD - 
II) Ilru i

With GSC's new DPK-1 kit. you can build a sophisticat
instrument for stlmulus,/response testing. lt automatica
right signal for whichever logic family you re using - an
to single pulses or pulse trains at a frequency of 100
The fully featured DPK-1 kit includes ali components i

and case - and is supplied complere ,;,,ith detariec ass
and an operating manual,
Get rid of your digital hang-ups: senC off :o. a DPK-' s

GI-OBAL SPECIALTIES CORPORATION |- -
:, ndustrial Estate, Saffron Walden, Essex CB1 1 3AQ

For FREE
catalog ue
tick box!

saFFRoN wALoEN. ESSE, cBl1 3Ao , 
Address

EC MO6Telephone: Saffron Watden l1799l 216A2 | _Telex:817477 I l encrose po/cheque for E or debit my
I

I Barclaycard/Access/American Express No exp date
I

r rrE rarrrruE! ra, ,8, - 
IL I lrr, -

With GSC's new DPK-1 kit. you can build a sophisticatWith GSC's new DPK-1 kit. you can build a sophisticat
instrument for stlmulus,/response testing. lt automatica
r;^rr+ 6i^^^t f ar ,^,hiaha,,^. t^^i^ {^-it., ,,^,, ,^ ,,-i^^

I
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PROf ECT

I
I

I

D( BURGLAR
ALARM
Why I round at your ADDRESS when you
could N with this natty Iittle unit? Designed by
Decla

his microprocessor controlled
security system will monitor
up to eight remote srvitch

positions each of which can be
either normally open or normallv
closed, allowing you to use anv
combination of pressure mats,
magnetic catches, windorv foil or
other devices as the sensors.
When triggered, it immediately
sounds an alarm and then displays
the number of the affected input
on a seven-segment LED. lt can be
used with either the ZXB1 or the
Spectrum and quite aside from its
value as an intruder alarm it pro-
vides a useful introduction to the
techniques of microprocessor inter-
facing using machine code and the

Eg. 1 Circuit diagram of the burglar alarm.

ETI DECEMBEB 1 983

Z8O Parallel lnput/Output Con-
troller.

The 280 PIO consists of two
qroups of eieht lines, port A and
port B. and each line can act as
eigher a data input or output. lf
the l\ insiruction is used. the data
on those lines def ined as inputs is
loaded into the accumulator. lf the
OUT instructicn is used. data on
the accumulator is latched onto
the output lines. The PIO can be
programmed to act in anv one of
four modes:

Mode0-Outputmode
Mode.1 - lnput mode
Mode 2 - Bidirectional mode
Mode3-Control mode

The first three uire
the use of th king
facilites and so fo the
much simpler co has
been used, allowing easy input
and output of data to and from
both eight bit ports on the PlO.
Port A provides the eight inputs
from the sensing switches while
port B is split into four inputs and
four outputs, the inputs being
used to enter data while the out-
puts feed the seven segment dis-
play. An eight bit word is entered

I
31

_l

ljl

R13-16 R17-24
ALL lOK ALL'IOK

NOTE:
tc1 ts 7805
tc2 ts 7408
IC3 tS 7447
tc4 ts z80A Pto
D1.2 ARE 1N4001
D3 tS 1N4148
01 BD13l

swl o/ o/ o/o/ SW4
CLEARI I I IHIGH

sw2 I sw3
eNTER /z Low

7 SEGMENT LED

edcbag f



! ,4.)

: ::i:.
T1

,: 'if .

:*.

[C4

D1

DO

B/E
ct6

D6
D7

D2

I
lor,
I

)
iN-r
CLK
D3
D4
D5
M1

loBo
RD

GND

TO 7 SEGMENT LED

Fig. 2 Overlay diagram of the PCB.

switches respectively). The con-
tents of this register are then con-
tinuously compared with the
inputs to port A and if any dis-
crepancy is discovered a'9' is sent
out to the display. A timing loop,
formed by loading a high number
into the registers H, L, and then
successively subtracting one until
the result is zero, ensures that the
nine is displayed for at least a
second or so, after which the num-
ber of the affected input is dis-
played. An AND gate monitors the

A and D data lines into the display
driver and thus goes high when
the 9 is output, the delay ensuring
that it remains high long enough to
latch the relay and thus sound the
alarm.

Construction
Most of the com ponents,

including the relay and the
transformer, are mounted on the
PCB, the only off board compo-
nents being the switches, the LED
display, the edge connector to suit

either ZXB1 or Spectrum, and the
siren or other output transducer.
Make sure that all four lCs are
inserted the right way around, and
similarly check the electrolytic
capacitors C1 , C4, and C7 , and the
diodes. Provision has been made
for the use of connectors for the
LED display and the input lines but
if you prefer you can, of course,
solder directly to the board. lt is
intended that the relay should
switch a siren or similar device
which draws its power from an

-l
SPEC

T--
-12V +12V -5V

L

Fig. 3 Pin connections of the ZXBl

32

23 WAY FOH ZX81 - KEY AT POSITION 3
28 WAY FOR SPECTRUM -KEY AT POSITION 5

and Spectrum expanpion ports.
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II

II
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lo

<-- SPECTBUM
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lco

I
18
I
@

ro
IEl6ll
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I
20
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@
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II
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I
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Resistors (all %W, 5o/o)

R1

R2, 4,5, 6,
7,8,9,10

R3
R11,12,13,14,

"15,16, 17, 18,
19, 20, 21, 22,

23,24

Capacitors
C1

4k7
470 R

330 R

10k

c2,3
c4

C5, 5
c7

Semiconductors
tc1
tc2
tc3
tc4
Q1
D1,2
D3
DI SP1

I suit

1000u .l6V

electrolytic
1 00n
22u 16Y

electrolytic
10n ceramic
100u 10V tantalum

780s
7408
7 447
ZSOA PIO
BD1 31
1 N4001
1 N41 48
Common anode

7-segmenl
display

Miscellaneous
T1 9-O-9V 6VA PC8

mounting
translormer

5W1,2,3, 4 momentary action/
push-to-make

RLA1 12V DC 4OOR
miniature relay

PCB: edge connector to suit ZX8'l or
Spectrum; 1O-way 0.1" pitch PCB plug
and socket - 2 oll each; case, etc to

PROf ECT: ZX Burglar Alarm

I

sort instead. Providing this does
not draw more than 100 mA or so
and will run from 17V or less, you
can connect it directly in the
collector circuit of Q1 and dis-
pense with the relay entirely. The
eclge connector you use to con-
nect the unit to the micro will
depend on whether you plan to
use a ZXB1 or a Spectrum, and
should be wired in accordance
with Fig. 3.

The choice of case is left
entirely to the constructor, but
since there is mains on the board it
is advisable to have some sort of
enclosure. Mountin
should present no
the LED display is
you're after a pa
appeara haps do
best to t plastic
case, an rture for
the LED flush in
Araldite. The input lines, mains
input, and connections to the mic-

r be taken
if you're

ppropriate
s probably

tor only for the input line3. 
connec-

Programming
The 280 PIO ahas six control

lines, three of which (Ml, IORQ,
and RD) can be connected direc-

ried on bus), and CE (chip enable)
must be connected to the address
bus. The Spectrum manual tells us
that A0, A1, A2, 43, and 44 are all
normally high (they are used to

decimal values are 31 ,93, 63, and
1 2 7 respectively.

We must next initialise the plO
by sending two control words to
each port. The first defines which
mode and, as we are using mode
three, a second must be ient to

lines are
The for-
rol word

seen that the retevant 
t 

Ul],P.:
word for ports A and, B is'1111 1111, that is, decimal 255.

The second control word also
consists of eight bits, each one cor-
responding to the l/O line with the
same number, ie, bit 0 corresonds
to PA (or PB) 0, bit 1 corresponds

It;_1j1"- 
chart of the burstar atarm )

33

t

i
i
:

1

765
001
01
10
11

I
I

I

YtIN ES
All of the semiconductors, including
the Z80A PlO, are readily available
from a number oI our regular adver-
tisers, as are suitable transformers,
ZX81 and Spectrum edge connec-
tors, 7-segment IE Ds and the
switches. A suitable relay is sold by
both Maplin (code YX97F) and Ambit
(type OUD), bolh of whom also sup-
ply PCB connectors. The PCB is avail-
able through our PCB services, for
which see page 7 4.

3IT
-jutput mode
^ put mode
::d ire ctiona I

:a1troI

Table 2 Format of the operation control word.

ETI DECEMBER 1983

DISPLAY
FAILING
LI NE NO

A7 46 45
000
010
00'l
011

PO RT
A data
A control
B data
B control

Table'l Examples of eight bit PIO address words.



l0 C]-ea:: 325OO

)-5 For n = 0 to 107 : read b

20 Poke325OO *n,b
25 Next n

30 DATA 62, 255, 2))-, 93, 2ll, 93,

2[, J27 , 62, 2-110, 2))., )27 , 2a9, 63 ,

2O3, ILL, 1+O, -6, 6, 8! 62, Or 30,0,

60,2))r 6),Z]-gt 631 2O3, r[9, LO,5,

2O3, )2'.1 r 32, -10, 28,2l9t 63,

2O3t ILL, 32, -6, 2O3, rL, 16, -2r,62, o,

zll, 63, 2a9t 63, 2O3, l]O3, 1*O, 45, 2L9,

31, l-rr, 6, 8, 2o3, 23, 56, /*, 16, -6,

?-4, -lgt 197,62,9,2Lr 6),6, rO,

L7, 1, o, 33, 222, 57, 237, 82, 32, -/*,

16, -9, ]-93, )20, ?1]-,63,2!gt 53,

2O3, rLL, 32, 4, 219, 63, 203, 7O3, 32,

-6, 2J*, -96
LO PRINT USR ,2500

Table 3 The Spectrum program.

to PAl, etc. Setting the bit high
defines the associated l/O line as
an input, while setting it low
defines it as an output. Since port
A consists of the eight input lines
from the various sensing switches,
its control word will be 1'11111-11,
again, decimal 255. Port B has lines
O, 1, 2, 3 outputting data to the
LED display and lines 4, 5, 6, and 7
accepting input data f rom the
push button switches, so its con-
trol word will be 111'10000, that is,
decimal 240.

The first six instructions of the
program therefore consist of load-
ing the relevant control word into
the accumulator and outputting it
to either address 93 or address
127 (see Table 5 and the flow
chart, Fig. 4).

The program can be entered
directly into the Spectrum, but if
you are using a ZXBT you will need
to reserve space for the 108 bytes
of machine code by moving RAM-
TOP. To do this type in:

POKE 16388,147
POKE 16389,67
NEW

and follow each statement with
the Newline command. To check
that RAMTOP has been moved,
type in:
PRINT 256*PEEK 16389+PEEK

1 6388
and you should 1et17299.

The ZXBl is also unable to deal
directly with the negative numbers
used in the jump statements. The

34

62, 255, 2ll, 93, 2t I , 93, 2t7, 127 , 62, 240,

217, 127, 219, 63, 203, 111, 40, 250, 6, 8,

62,0,30,0, 60,211, 63, 2t9,63,203, 119,

40, 5, 203, t27 " 32, 246, 28, 2t9, 63, 203,

771, 32, 250, 203, 11, 76, 232, 62, 0, 2tt,
63, 279, 63, 203, 103, 40, 210, 279,31, 171,

6 , 8 , 203 , 23 , 56 , 4 , 1 6 , 250 , 24 , 237 , 197 ,

62, 9, 2lr, 63, 6, 10, 17, 1, 0, 33, 222, 57,

231, 82, 32, 252, 16, 247, 193, 120, 2ll, 63,

279, 63, 203, ltt, 32, 250, 219, 63, 203, 103,

32, 250, 24, 160

Table 4 (Above)
The ZX81 data.

Table 5 (Right).

Assembler listing
of the burglar
alarm program.

computer recognises a negative
number by checking to see if the
most significant bit of the jump
operand is high. lf so, then this bit
represents -128, all other bits
retaining their normal values. For
example, suppose we wish to
enter -6. This becomes -128
+122, or in binary 11111010 (the
first digit g -128 and
the remai representing
+122\.Th imal number
250. This can also be calculated
from the two's complement rule:
the number (6) in binary

000001 1 0
change 0 to 1, 

.l to 0
tir.i1001

add 1

1 1 1 11010
which is again decrmal 250. Thus,
any number havinq the form -X
can be entered by using the for-
mula 128 + (128-X) nhich is, of
course, simply 256-X.

Having reserved the 108 bytes
after RAMTOP in the ZXB1, type in:

10 FOR N:0 to 1 07
2A INPUTX
30 POKE 17299+N,X
40 NEXT N
5O PRINT USR 1 7299

then RUN. The computer will then
wait for you to type in the 108
numbers given in Table 4. Note
that these are the satne numbers
as those in the Spe ram
except that all the um-
bers have been repl heir

LDA
out A

out A

LDA
out A

1N

BIT 5

JRZ

LDB
LDA
LDE
lNC A

out A

IN

BIT 6

JRZ

BIT 7

JRNZ

]NC E

IN

BIT 5A

JRNZ

RRE

DJNZ

LDA
out
TN

B]T 4

is.z

a3

_a +

I i:,i Z

JR

PUSII B

LD A

out

62, 255

27r, 93

211, 93

211, 721

62, 240

217, 127

219, 63

203, 111

40, -6
6, 8

62, 0

30, 0

60,
2Lt, 63

219, 63

203, 119

40, 5

243, 121

32, -10
28,

219, 63

203, 111

32, -6
2A3, 111

16, -24
62, 0

2ll, 61

279, 63

2A3, 103

40, -46
219, 31

111 ,
6, I

2A), 23

56, 4

16, -6
24, -19

191

62, 9

21.1, 63

6, 10

Lt, 1,
33, 222,

231 , 82

)2, -4
16, -9

193

120

2ll, 63

219, 53

243, ttl
)2, -6

2t9, 63

203, 103

32, -6
24, -96

255

93

93

127

244

r27

63

-6
8

0

0

63

-6

-24
0

63

63

-46
l1

8

63

-19

9

63

LD B ]O

LDDEl
LD UL 14814

SBC HL, DE

JRNZ -4
DJNZ -9
POP B

LD A, B

out 63

IN 63

BIT 5

JR NZ -6
IN 63

BIT 4

JRNZ -6
JR -96

C

5i
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HOW IT WORKS

PROf ECT: ZX Burglar Alarm

two's complement.
From here on the procedure is

the same whichever microcom-
puter you are using. When the pro-
gramming has been completed, a
1 should appear on the LED dis-
play. This refers to the first line on
port A, and you must now tell the
computer whether this line is to be
high or low, according to what
type of sensing switch you plan to
use on it. To do this you first press
either switch SW3 (LOW) if the
line is to be nomaliy closed or
SW4 (HICH) if the line is to be
normally open, and then press the
ENTER switch SW2. The LED
should now display a 2, and you
repeat the procedure with this and
each of the subsequent lines.

When all eight lines have been
entered and the register is f ull, the
mic r goes into a con-
tinu checking each line
agai esponding bit in the
register. Should you wish to
redeiine the normal state of the
lines, pressing SW1 empties the
register and thus stops the pro-
gram. lf the alarm is triggered, it
can be reset by pressing first SW2
and then SW1. 

ETI

I

The various intruder detecting
switches are connected between earth
and the eight lines of port A on the
PlO. Each of the eight lines is connec-
ted to the *5V line through a pull-up
resistor, so that when the associated
switch is open a logic high level will
appear on the input, and'when the
switch is closed the line will be pulled
down to logical low. The latter four
lines on port B are similarly connected
so that pushing any of switches 1 to 4

takes the associated line low. The first
four lines on port B are used for the
display output and carry a four bit
binary code. This is fed directly to the
decoder/driver 7447 and thence to
the seven segment display.

When the program is started up it
puts out a'1' and then waits for the
line to be defined. Taking either line 6
or line 7 on port B low enters a 0 to 1

as desired into register E. Subsequen-
tly taking line 5 low initiates a rotate
right instruction which moves the
entered data one place to the right so
that the register is ready to receive the
next bit. The microprocessor then out-
puts a'2' and the process is repeated
unlil register E is full.

The microprocessor then goes into a

i continuou the XOR func-
I tion to si compare each
j input line responding bil

in register E. lf both bits are at the
same level, either both high or both
low, the XOR function will produce a 0
output, but if the two bits are at dif-
ferent logic levels the XOR will give a
1. The RLA instruction is used to shift
each bit into the carry flag and test for
a 1 and if no carry is detected the mic-
roprocessor carries on testing the
lines.

When a 1 is detected, a nine is

briefly sent out via port B to the di+
play. At the same time, a large number
is loadpd into registers H and L and 1

is successively subtracted unlil the
result is zero. A total of -148,140

machine cycles are needed for this,
and the nine is therefore displayed for
a full second or so before the micre
processor removes it and displays
instead the number of the failed line.
The AND gate lC2b has its inputs con-
nected to the A and D lines from port
B, and will therefore go high only
when a nine is put out. lts output is
connected to lC2a, another AND gate,
which is wired as a latch. lC2a drives
the transistor Ql which turns on the
relay. The other input of lC2a is con-
nected to line 5 of port B, and if SW2
is pressed this line will go low, unlatch-
ing the gate and thus turning oif the
relay.

BAUNCEO INPUT PeEAilP Mav 83 no case
eto s

COMPRESSOB/LIMITEB May83 nocaF
€i9 €

UAX/MIN THERTOMETEF Aor 83 €€.74
DUAL LOGIC PROBE Sepr 83 e1 4 99
AUBil mODULE Mar83 E24 57

,.o.r" SILT
ii ,;o .rtt'-5'

mOVING COIL STAGE lB$ es6 e1 I 75
uovtNcMAGNETSTAGElessese €1969
PESTCONTnOLFgb8? ef 15

E'

Full KIts inc. PCB3, hardware, elec'
tronica, cesoa (unless st8ted). Less
batte.l6s.
Proiect roprints 45p extra. Separalsly
45p + p&p

MAGENTA ELECTRON ICS LTD
ET7 1 35 Hunter St, Burton'on'Treni
Staffs, DE14 2ST Mail Order Only
(o283) 6s43s
Add 50p ptp to all orders. Prices
include VAT. Accass & Vlsa phone/posi

O- c,E schoo orderswelcome
3iEPSEAS Payment must be in sterling
ciSH REPUBL]C + BFPO - UK PFIICES

EiiROPE: UK PRICES + 10%
E-SEWHERE: WR rE FOR OUOTE

2OOO Series. ABS. Guides for vertically
mounting PCB's bimdaotors for horizonlal mounlino.

Size Grey or Black Wtrite100\5\25 1.10 1.21
112x62X31 125 137
1 2ox65x46 1 32 1 45
1 50x80x56 1 54 1 69
190x1 10x60 27O 297

133f?4i3" G.eyBase crearL," l3;
112x62x31 Grey Polystyrene, No Guides 0 63

4OOO Series. ABS Base.
BTMBOXES Atuminium recessed tid. BTMTOOLS
BlN,'1 4003 85x56x35 1.18 crey 12vl\,4ini Bimdrillrnccollets 8.o5
Bll\,'1 4OO4 111x71x48 1.46 or lMini BimdrillKrtinc20tools 14.45
BlM4005 161x59x96 202 Black l\,,lainsBimdrilt incoilets 955

MainsBlmdrill Kitinc20 tools 1 5.45

BTMCASES Bimiron 17W 6.15

BIM 1OO5 16 Bimiron 27W 5.75

Bl\,.1 1006 21 flr Bimou,np. Desoldering Toot 6.25

The brand new Meteor senes of 8-digit Frequency Counters offer the lowest cost professional performance available anywhere

t Measuring typically 2Hz 1 2GHz t Low Pass Filter

Sensitivity <50mV at l GHz

Setability 0 5ppm

High Accuracy

* 3 Gate Times

PRICES(lnc. adaptor/charger. P & P and VAT)

METEOR 100 (100MHz) 8104 07

METEOR 600 (600MHz) e 133 97

IVIETEOR 1000 (lGHz) f184.57

Battery or Mains

Factory Calibrated

1 -Year Guarantee

* 0 5" easy to read L E D Display

lllustrated colour brochure
with technical specification
and prices available on request
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w) Modular
Amplifiers

the third generation
Due to continous improvements in components and design I LP

now launch the largest and most advanced generation of
modules ever.

WE'REITVSMUMENTAI

ln keeping wilh I LP's tradition of enttrely self-contained modules
featuring, integral heatsinks, no external components and only 5
connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value
for money.
With over 10 years experience in audio amplif ier technology ILP
are recognised as world leaders

IN/UAK'TVG AIOT

Robusr constructron

Mounrs anywhere Ln car

Automalrc swrtch on

PSU 2] X
PSU 4] X

PSLI {2 X

PSU 43X
PSU 5] X

2 HYSO
2 rlY6O, I x llY6060 I x HYl24

irY I 28
MOS ] 28
HYl28, I \ HY244

Er 93
f13 83
t]590
t16 70
111 0l

Prorection Full load rne Slew Rate: 15v/ps Rrset me:5ps S/N ratio: 100db
Frequencv responle (-3dB) l5Hz sOKHz lnput sensitivrtv: 500mV rms

lnput lmoedance lmKII Damprnq tactor loOHz>400

PRE,AMP SYSTEMS

Mosr pre'amp modules can be drrver bv the PSU drrvlng rhe marn power amp

A separate PSU 30 Ls avaL able purelY for pre amp modu es if requrred ror

as47 lrnc VAT, Pre-ampand mrxrns modules rn lSdrfferentvariations
Please send Ior delails
kuntrng Boards
For eale of coilsrruct on we recommend the 86 for modu es HY6 HY 1 3 e1 05

{rnc VAT) and the 866 ror modu es HY66 HY78 f] 29 { nc VAT)

POWER SUPPLY UNITS lincorpordl fq our own torordal rrdnslormers)

BIPOLAR MODULES

Ourput Load DISTORTION
T.HD IMO
Tvp at 60Hz/
lKHz 7KH2 4:1

Supply

Tvp

Siz€ WT
9msrr

Y30
I tYtir)
I rY(i(xn)
rlYt7{
t1Yt78
I Y244
I Y?48
HY3(i4
irY.{i8

30
30+30

tit)
tio

r20
1 2t)
r80
t80

4-8
4-8
4-8

8
{
tJ

4

I

0 0r5% <o 006%
o 0r5% <0 006%
0.01 5% <o 006%
o or "/ <o 006%
0 0rv <o 006%
0 0r% <o 006%
0 0r% <0 006%
0 0r% <0.006%
0 0t% <0 006%

t t8
!25
r25
t26
a35
r35
a50
r 45
t60

76r68r40
76x68x40
l2Ox78x40
l2OxtBxAA
120x78x40
12O x 78 x 50
120 x 78 r 50
l20x78x l0O
120x78x10O

244
240
42A
410
410
520
520
030
030

t8 40
f9 55

t18 69
r20 l5
t20 75
t25 41
t25 A1

t3841
e38 4l

MOSFET MODULES

Output Load DISTORTI ON
TH,D. IMO.
Typ at 60Hr/
1 KHz TKHz 4:1

Supply Size

rI
/os r 28
/os 248
/os 364

60
2A
80

4-8
4

<al 005% <o 006%
<0 005% <0 006%
<0 005% <0 006%

A5
55
55

120 r 78 x 40
120 x 78 x 80
l2OrTax 100

A2l
85t
a)!

u30 4

139 8
f4! 5

Protection: Able to cope with comp ei Ioads wrthout the need for verY specia
protect on c rcurtry (fuses wi surfrce)

Slewrat€ 2tulps Risetime:3ps SiNrarior l00db
Frequency response ( 3dB) 1 5Hz - 100KHz lnpul sensilivitY: 500nrV rms

lnput mpedance: 1 00K lL Damprns iactor: I oOHz > 400

'NEW to I LP' In Cur Entertainmens

cl5
Mono Powe. Boosrer Amp frer 10 rncrease the outpui of your ex st ng car radro

or cassetre p ayer lo a nomrnal 15 wails rms

f9.14 (inc. VAT)

outpur power max mum 22w peak nto 4IL
Freauency response I 3dB) lSHz ro 30KH: T H D 0 l"/, rr 10w lKHz
S/N rat o (DlN AUDIO) 80d8. Load lmp€dance 3II
lnput Sens,t !ity and mpedance lse ectab e) 700mv rms rnto 15KQ 3V rms into 8.rL

Srze 95 x 4a x 50mm We,shl 256 qmt

cl515
Sier€o vers on of Cl 5

Srze 95 x 40 x 80 We ghi 410 sms

f17.19 (inc. VAT)

Model

PSU 52X
PSU 53X
PSU 54 X

PSU 55X
PSU 71X

MOSt 28
HY248
MOS248

t' 7 Lr7

tr786
tr786
e,s 52

PSti 73X
PSU 74 X

I \ iY364
r ! Hv368
2\MOS2rB l\MOS36|

? l'4
n /i)

Please no(e: X n part no nd caies prrmary vo tage, Please insed "O in p ace of
X for 1 lov, "1 ",n plae of x f ot 22OV. and " 2" n p ace ol x lot 24ov

lLp Electronics.Ltd., Dept 2, Graham Bell House, RoperClose, Canterbury C127EP' Kent, England.
Ielephone: (02271 5477A Technical lo227l 64723. Telex: 965780.

Currenl
R.quird

MLei N,1a0 CJrI dqe/Tufer/Tdpe/
A!x + Vo /tsr!s,/Treb e

M,c/Mrq CJrlildae/Tune'/TJPe/
A!x + Vol/tsJss/Treble/Bdlance
lwo GurQr (Bass Lead) Jnd lV c +

5HPJrrLe Vol!rne tsdss Tretrle + M x

A\ HY66 css lofe conlrols

20mA

20m A

70mA

t14 32

tr536

U4 20
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FEATU RE

AUDIODESIGN
Whether or not a preamplifier needs tone controls is

r, what is beyond dispute is that
neer needs to know how to desi

Hood shows the way.

a

:
{
A

w;*i:iiHs{i[,?ir'i];:'f::,ri:in'":il^*

fi rst.

immediate answer might be that what you don't put
in won't go wrong, nor does the manufacturer have to
pay for the bits that haven't been used. A second, less

o un one, r,vhich is quite
I in the amount of the
c er degrees. True, the
: A ut lvill reduce the
: On, sO that,
: tput from
r ust by putti
= Those of
=rough will remember the old tricl< of putting a 0.02pF
a. ross the primary of the speal<er transf orm er rvin d in g to
=:sen the amount of third harmonic in the old pentode
. aive output stages.

: ..rom the gramophoneturntable orrecord, More sub-
: :he penalty might be just that the low f requency
. =:als, because they occur at frequencies where our
::-: are not very sensitive, tend to be rather large in

FTI DECEMBER 1983

gn

As an exam p le of th is, if we take awide band'white'noise
lig odi responsebY a- ass'hownin ss' and a bitqu ill s

lf vve increase the f ilter slopes, as in .l b, and 1c, to
-12d8 and -'l8dB/octave, the sound of the hiss will

,. . Such stee.p-cut AF filters, used with ,bi-amped, and'tri-amped'hi-fi LS systems, where the crossover

;o.$
I-
F)
E

u12
F
J
U
E

-18

24

Fig. 1

51020
FREOUENCY (kHz)

Effect of difierent filter slopes. ;
37

1/2

1/4

1/a



better commercial LS multi-driver systems tend to owe
as much to listening tests and small adjustments to the
component values as they do to the initial calculations.
These are the snags: now for the circuitry.

Tone Controls
basic types, each representing an
ems or give better results. These I

l, shelf, slope, graphic equaliser

z
o
o
2
F

J
U
E

into a variable bass boost control by the circuit layout of
Fig. 3 c.

A similarsortof exercise can be doneto mal<e passive
(ie, bujltentirelyfrom Rs and Cs, with noamplifyingele-
ments) bass cutand treble liftarrangements, as shown in
Fi g. 4. I n evitably we wi I I need to worl< out some means of
interconnecting these so that they don't interact, and
several such circuits, as for example in Fig. 5, have been
n'orked out, and were popular in the USA. The question
is really whether it is worth the bother, when the
ercellent arrangement f irst proposed by Mr. P. Baxan-
dall, shorvn in Fig. 6, will doall that is needed justaswell
and more neatlv.

Fig. 4 A simple treble boost (or bass cut) circuit.

Fig. 5 Typical (commercial) passive tone control circuit.

r = 2fi6 ot aoa

Fig. 2 A very simple treble cut tone control

Conventional Tone Controls
As we have seen, the impedance of a capacitor is

theattenuation whenthe impedence of C hasfallen toa
very low va es C a lot bigg
the output ow a certain
dependent t values, to gi
quency res .3b. This coul

z
o

ts

E

either before orafterthe passivetone control stage, anc
this amplifier ma.v distort.

Also, there is the questi this amplifyin=
staqe should be put. lf thisT n attenuation c:
20dB,andl VRMSoutputi mit,al0VRNi_(
inout:igna S:
preLtr big s tr-
is put so th a'
outputof 1 V RMS,soitwill havea reasonablylowdistor-
tion, but there will be a lot of Rs and Cs connected to i-.
input, which is now at only the 100 mV level, and whic-
nrakes the tasl< of getting a god S/N ratio, and low bac--
ground hum level, just that much more difficult.

The Baxandall circuit avoids this difficulty, since, i-
the f lat frequency response position of the controls, ,

ETI DECEMBER 1 9t:
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BASS BOOST

Fig. 3 Simple bass
boost circuits.
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TR EB LE

91- R1 RVr4it ek) look lmt

i

I

z
o

F
)
U
E

R7
tm

B6
t00k

R3

R8
tffi

R9
1m*

R4

u

ELF3A

Fig. 9 Sequential two-stage tone control which avoids inter-
action between controls (component numbering of Fig. 8
retained except for new components R6 and R7 needed for
DC feedback, and absence of R5).

R3 L|FT RV2 CUT B4
8k2 rooi - 

8k2

BASS

Fig. 6 Typical negative feedback tone control circuit of the
Baxandall type.

Ba Rb

Fig. 7 Simplified feedback circuit.

Fig. B Behaviour of negative feedback tone control (overlap
effects exaggerated).

Ra: 1 0 is 0.'l , and so on, Ref erring back
now to d C2- R2 are RC conrb;ra:iors
whose i eases rvith f reo uencr . r't1e set-
tingof RV1 issuchtlrat'R.' is larselvdueio Ct -Rl then
the amplifierwillfollou'the sain cur\ € rrr i- :;. E. l;the
slider on RV1 is moved to the other e -c ' := :'ai e . so
that it is now R2*C2 rvhich is equir a,e-i tc R i:':er the
gain curve will follolv the fornr (1) i1 [::, g

R3+C3 in Fig 6, is a netircrl.. ,...i-.-.g r^rcedance
increases as the frequencv decreases :o that, bv a
similarargument, the curves (p) anc io' c'Fig B can be

resistor R5 serves to help isolate the operation of the
'bass' and'treble' sections of the tone control. Th is isola-
tion is, however, always a bit less than pe rf ect, so the per-
fectionist might prefer to separate out the two halves in
two successive stages,as shown i n Fi g 9, usi n g trvo halves
of a dual op-amp. the limit resistors Rt , r', R3 and R4 in
both cases serveto preventthe circuitf rom tryingto give
an infinite..gain or .a.zeto gain at the extreme-pofen-
tiometer slider positions.

Shelf-Type Tone Controls
This is a compromise betu,een the Baxandall and

Cra li ontrol systems, in which a
seri e nged so that they can give
sep s equency response, which
can ( at will, at octave elements

Fig. '10 (LH corner) Typical frequency response curves for tlvo-
stage shelf control (desired frequency response can follolv any
one of these patterns).

Fig. 11 Circuit layout
for two-step shelf-type
tone control.

I
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Slope Controls
The realisation that, with good quality audio equip-

ment and good programme sources, the major require-
ment of the normal user would be to alter the general
slope of the amplifier f requency response, to correct a

er shrill quality in the input
the original sound engineer
or f rom any other engineer) ,

cturing Co., in their Quad 44
pream p., to provid e f or th e skewing of the f requency res-
ponse, to give an overall upward or dolvnward slope to
the response cu rve, of the type shown in Fig. 1 2. A typical
circuit for this, due to Quad, is shown in Fig. 1 3.

Fig. 12 Slope type tone control.

Fig. 13'Quad' tilt control.

#

Fig. 1 4 Response of a graphic equaliser tone control system
etc

I
I

OV

Fig. 15 Circuit arrangement of a graphic equaliser.

h ities are shown in F

I set to their mid-po
n tends to have a cor
e e, if all controls are

max. or min. positions, this irregularity is much

quenc) atrvhich L1lC1 hasa nominal zero (impedancer I
will be given by: Ein/Eout : R101/(R1 a//R1'0 O) ('ll il
means "in parallel with"), which will be higher thar-
unity gain.

lf, on the other hand, the sliderof RVl is at its right
hand end the gain of the circuit (at resonance of L1le t r

will be Ein/Eout: (r1 01 //R1 b)/R1 00, which could be z
good bit gives a means
ing the g cific frequenc
nrined b ency of the
networl<. imbs,L2lC2,L
can be connected, in parallel, as shown, w,ith litt e
rnte ractron.

ALL MAX

Hz

ALL M ID

etc

t
I

RV3
l00k

Graphic Equaliser Systems
The basic idea behind this development was a good

one, and the scheme enjoyed a considerable popularity
when itwas first introciuced in the early 197Os.ln essen-
ce, the idea is that in a normal listening room environ-
ment, and with norrnal LS and gramophone PU units, the
f requency response of the system - atthe ears of the lis-
tener - will contain a number of humps and troughs,
most of which will probably be quite localised. There-
fore, if one could divide up the acoustic spectrunr into
eight, single-octave chunl<s - which would cover the
range f rom 60Hz to 1 5.31(Hz - and if some provision
were made for adjusting the gain of the preamp,
upwards or downwards, in each of these sections, it
should be possible to make a pretty fair job of organising
a f lat f requency response, as actually presented to the
liste n er.

nothing about them. the other snags are those which
arise f rorn th e natu re of the corrected f requen cy respon-

40

R3a
33k

RV2
l00k

R3b
33k

A2a
33k

RV1
100k

R2b
33k

Rla R1b
33k 33k

lt
Ll ll

il

c1

-+

R 100
330k

R 101
330k

+.t..-
)',/-ro,

" OR SIMII AR
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;

The actual resonantfrequencyof this networkcan be
calculated f rom the equation F:1/(2t) LC, which can be
rearran ged conveniently as L --
H z, C isin farads, and L is'in hen ri
and C for 90 H z as 3.1 H and 1trr
and 'l 00n F and so on. The actua
cuit diagram will give about 1 2 dB lift and cut; more than
this would be unwise.

Paramet r Type
This has s hat of the graphic equaliser

system, but is in its intended scope. ln this
correction to a single point in
passband ( in prinCipli:, more
, and provis e not only for mod-
litude from notch, but also for

lmpedance Matching
ln general, all of these tone control circuits, and most

con e input connec-
tion s will n ery high,
but t highe op amp
dire ion. lf cirtuit is
driven f rom too high an input impedance, the maximum
Iift available will be lowered, and the interaction bet-
u,eenthetrebleand bass controlswillbe increased. lf an'active'filter is driven f rom too high a source impedance
it may be unstable.

ETI DECEMBER 1 983

Filters
All of the RC tone control circuits described above

OUTRJT

I

I

Fig. 17 LC low-pass filter system.

i

I
I
I

I

l
I
;
i,i

he LC s),stem shown in Fig.
in treble filter circuits, and
n Fig. -l7b is the three-
er of the Quad 33 preamp.

is is 
this arranEement at,i,lY,T;

arge v ce required wouldeness o get a good rate of
n, the ork would need to

be high. This is determined by the ratio VCR (where R is
the winding resistance of the choke, and its associated
core losses), which means that L has to be high, so that
the re.quire.d.low f requencies cannot be obtairied simply
by using a big C.

Fig. 1B Sallen and Key active filter circuits: (a) high pass (30

X.1;.rOt 
per octavel (b) low pass (1 kHz) -'t2dB per 

)
41

I

Fig. 16 Parametric tone control response.
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Fig. 19 Bootstrap or H filters: (a) high pass (30 Hz) -20d8
per octave; (b) low pass (nominally 1 kHz, actually 1145
Hz) -2OdB per octave.

Fig. 20 Filter slopes given by treble and bass filters of Figs.
1B and 19.

a f oundation.

points can be scaled up or down by proportional adjust-
ments to the values of the resistors or the capacitors.
One can check the correctness of ones choice f rom the
formula ft: 1/2r,r/Rl R2Cl C2.

As shown, the Sallen and Key circuits of Fig. 18 will
give a
have a
upab
have g

calcu hase shifts caused by
reacti nd active networks.

ln opose to take alookat
audio power amplifiers, to see how these may be
designed, and to try to assess the present state of
development of these, and how much of the my'th has

I
I

rumble filter, but all of the f ilter turn-over frequency
ETI

Sendfor our latestcatalogue and price list.
Thandar Electronics Ltd,
London Road. St. lves,
Hu nti ngdon, Cambridgeshire PE'17 4HJ.
Telephone ( 0480) 64646. Telex3225o.

t
r

4Dthondor
ELECTRONICS LIMITED TING THE BEST WITH]N YOUR

ETI DECEMBER 1 983



I
I

I
I

H€NRY5
RUDIO€L€CTRONKS
G0MPIITEBS. C0mMUillGATI0l{S. TEST E0UIPMEilT. C0MP01lE1{TS

\ rHEnmtl mlrRlx

llAil0800K 3 B0LLS PAPrF r- 
=r€r,:r3 

vAr

e86.91 . vAr lul(posrerclr 05lltiSlioprortl8/l
150 t0 180 tPM. Full 96 CH ASC ll. 40 CPL. 280 0ol5 P/L
Axl0-0nd,rline. 50 Grc[hic Symbols . Bacl Space . Sell
Trst . vu/H0fl lABs . 7 x l0 illatrlr .4.4" lvlde Paper

8idireclional.2201240V AC. SiroApprox 98\?1, 1 Z
SUITABLt F08: TAt{0Y. 88C. 0RlC. }aASC0M. GEMllll
AC0f,tl.liiW BnAlI.0RAG0I" slc 0lc
lYour onquirier inviledl
llntorlacB unil wilh loads C I 5 - Elale m0dell

DIGITAT MUTTIMETERS

2 meg ohm e23.50
XDXISa I6 Eroe l0A CC

AC/0C 20 meo ohm f,29
KD5liCl 2Srange I0A AC/0C20 meg 0hm e33.50
Metex 3000 ! 30 range l0A AC/0C
20 meg ohm 133.24
6010'28range l0AAC,/DC20meqohm 034
7Gt04.A360l0hiohacc0l0obasic e4l
XDEI 5 t l6 mnge l0A 0C 2 meg plus
Hle lesl8r [3S 95
SltAil 2m0E 2l range 2A AC/0C20 meq f,29.95
Eench models
TM355 29 rarqe Lt0 I 0A AC/0c 20 meg
Thandar [86 25
Til356 26 mrg€ LCI) I 0A AC/I)C 20 meq
Thandar lBoplacss TM3liSl g9z.
TM35l 29 ranoe LCD l0A AC/0C 20 me!
Thandar 81m.75
SItAM 25m24 trngel0t! 2A AC/0C 20 mEg t79.95
ALS0 ll{ ST0CK Thurlby, ll|elrix and BBckman
Prolessi0nal seriss incl True flm6. etc

,GHERRY' ADD.OtI KEYPAD

l'
;;J,ii;h"Jil*"'" '' " f,S.g5 ,['f;Xi;1

MUTTIMETERS tux crp ospl

G7081 50 K/Voll ranga doublsr l0A 0c
Total 36 ranoss Spscial 0ll€r 0l2.5ll
HMr 02BZ20K/V l0A 0C 22
ranqe E conl burzer 013,51!
TIll(500 23 ranges mX/V
I 2A 0C plus conl huzzer e23.95
llH56[ 20XlV 22 ran0e poctel Clo.lE
83OA 26 runge 30K/V l0A AC/I)C 0verl0ad
lroleclion elc [23.35

23 ranoe 100(/V Laroe scale l0A

ATl020 l8 range a)(/t/ 0eluxe plus Hle

tcsler Cl 8.S5
YI350TR 1 

g mrae 20KlV !lus Hle tesler el 5 95

craphicdisplay UsuallvC89.95 - f!|9.95

,,,*f,69.95 i,ll JIJ u,,- "

SlGilAt GEl{EBATOBS ezolzif,u At

f UilCTl0il: All sine/square/lriaogle/TTL tb
TGr00 tHz,t0(]KHz eg0m
Tcror rl]z 200 l(l1z ct t3.85
TGI0202HZ2MHZ f,166.75
PUt-St
TG I 05 Var ious lacililies 5 HZ-s M HZ l,g7 -75
AU0l0: Multiband Sine/Square
LAG27 l0 llz lo I ilHZ 490.85
AG202A20flZt0200XllzllisltS450l 083.511
IAG lml ] 0 HZ'lilflZ Low 0islorli0n fl59.85
nt
SEiloz lml(HZl030tttHZllisltTgS0l [59.50
tSGlTl00KH2lolS0ilHZ 179.35

CHTRFY keyboard !1!s
ample r0om to h0use a C0MPLETt SYSTTM and p0wer

s!pply C0mplele w lh Illrnqs l&se l0p delachab el Unrl is
srlver qrev rn col0ur R0busl c0nslr!cli0n Slcp n0 lr0nl
wrlhsrdsventi alr0n deil 10, NASC0M AC0BN TAliGtR llt
0r Vour own syslem Srze I 8 x I 5%" I {1- llrofl s olesl

f27.5O nc lAT IUKC Pt2sol

t Plo t0 MHz 925 95 \:
llLP50 50 ftlliZ wilh carrv cass and

0sctLL0sG0 PEs
F!l sp€crlrcalroi any !odei
on req!esl SA[.iy !osl
xM'Seiles HAlrltGr SC

IHAi0An:'cs Tnl0:
'3', CnoTtcx Y HITACHI

Sll{Gtt ISACI UX C,P130 -:
3030 l5 ilHZ5m|./ 95mm lubr plus componenl
tesler El77 lO
SCI l0l. lt!inralure l0 l'lHZ batterv !0rlable
Posllr€€ tlTl m
r0ptr0nal carry case t6 84 AC adapt0r t6 69
ilicadE tl2 50

HMl03 l5 MHZ 2mV 6r 7 drsplay plus
componenlleslerC/Pt300 tlSl 70
ouat Tsrcr lur c/P E4.ml
Hlrl203/4 0ual m ll!HZ plus c0mponent
lesl€r [303.60
CSl562A [)ual l0 Mtir lLisl C32l 001 8269.50.
3l3l oual l5 Mliz * comp0n0nt terler [276.U)
CSl5651 oual m itIZ All llcrlrlesll-isll40l 351

HM204 0ual m MfiZ ptus c0mpof,ent trrla 
H49-s'

sweep deiay f4l9 75
HilTGi ltual 70 MHZ sre€p delay 9676.q,
Y2l2 [ual m lllHz 899.25.
y2220ualmMHZpluserlralacililies f39t.flr.
U422 [)ual 40 M|II porlable t58G.5O.
y2(BF t)ual Troce 20ilHZ swecp delay f,408 25.
Ul34 t)ual Trac€ l0MHZsloraoe flGlZSlt
aI HtrtcHt. cR0TEcH & Tilo
m0Dfl-s ayall.aBtt
0PTr0r{ar Pn0sE l(lls
il e7 95 xl0s9 45 Xr - xt0[t0.50

HIGH VOTTAGE MEIEB

DIGITAT CAPACIIAfiCE
METER
0 I pl lo 2000 nid LCt] 8 ranors
0M60t3 t52.75

TRAilSISTOB TESTEB
I)lracl rsadrng PilP ltPta elc li
ICt e2r.5 '.,

VABlABI-E POWEB SUPPTIES
{u( c/P lr ml
?P241 0/t2i?4\1 0/ I A 935 00
PP243 3 amp version C59 95
PSt3075 8/t5V
7 amp lwrn neler f24 95

Pf il2mA 2m MHZ hand held Pockel
8 diqil LEt) 177 EO

METImB di0itLEo b€nchZ ran{es 100 MHz f, 102 35
iltTSmSdi0ilLto bench3 ronors 600 MHZf,I 32 25
HtTlmSdigilLiI]3ran0esl6HZ S18285
Tt0'{l I dioil LCI) 40 MliZ Thandar fl 26 5{,
IF2m3di0ilLCI)200MHZThandar e16675

Hu0e slocks ol 8smicon8,

npon6nls. lools, sb. Lar0o mnoo ol

oqulpmont and tolophonsr ln shck
cAtt H 4il0 sEE
t0R Y0unsErr.

ORDIR BY POST OB PHOilE,

@E.E
Ord.rby Po.l ,lh CHEOUES/ACCESS/

ETI DECEMBER 1 983

I

DIGITAL UI-TBASOt'IIC DETECTOB

a Adlustable range from 5 25it
Thrs popular ow cost u trason a c::i::: :
dlreaov usedrndwrderanqaof apo'_
intruder detectors to automatic ohl s, - =s
anddooroper'nqeqLrpmp'! rpdl. .._ _

tndr.alors for ease o' c"rl _g uo _-- 
:

represents outstandine va ue at

t10.95 + v.A.T.

INFRA-BED SYSTEM

tR 1470

Consist ng of separatetransnrtterand receiver
both of which are housed rn attract ve mou ded
cases the system provides an nv sible
modulated beam ove. drstances of up to 50ft,
operalng a relay when the beam s broken
lntended for use rn secur ty systems, but also
ideal for photographrc and measuremeDt
applcatrons, the sys tem isavarlableat

only t25.61 + v.A.T. ;ltr'fjl"
POWEB SUPPI.Y & RETAY UNIT

PS 40r2
Prov,des stab I sed I 2V outpur at 85mA and
:c.ta.s d re:v !1 th 3 anrp conlaats The unrt
a J::,c.ed :o coe,3te[ :ihuo'.c2ul1.esan c:, is
.'- "'.,.1.'1 ai;-a Price€425-VAT

SIREI{ MODULE SL 157

57 " H()BN SPEAKEH HS 588
Th s weathcr prool hor- '3p;.2' prol des
extrerne y hrgh sound oressJ'e e\ els L I 1 0dbs
at 2 metres) when used w in:^. CA I 250 PS
l865orSL 157 Pricet495 VAT

3.P0S. KEY SWTTCH 3901
Srnglepole, 3 pos keysw lchrntendedtoruse
wrih the CA 1 25O Pilce t3 43 + V A T

All modules are supplied with
comprehensive instructions.

Units on demonstration.
Shop hours 9.0O-5.3O p.m
Wed. 9.00-1.00 p.m.
SAE with all enquiries.

Theheatrof anyalarmsystenr sthecontro un t
The CA 1 250 ofl ers every poss b e feature tha I
s lke y to be requ red when construct ng a
systenr whether a h ghly sophrst cateC
Lnstalatron, or srmply controllrng a sngle
magnei c switch on the front door
o Burlt rnelectronrcsrrendnves 2 loud speakers
a Provides exrt and entrance delays together

with fixed alarm t me
a Battery back up wrth tr okle charg ng facr rty
a Operates wlth magnetic swrtches, pressure

pads, ultrasonrc or R unrts
a Ant tamper and panrc tac I ty
a Stabr[sed output vo tage
a 2 operating modes full alarrn/anl tamper

and panic facility
a Screw connections for ease of rnstal ation
a Separate relay contacts f or switching externa

loads
a Test oop facrlity

Price f 19.95 + V.A.T.

i:c.'p eies ree a rd por, e.sLpo y modu e wh ch
s c;p6D e of prov d,rg sounci eve s of I 1 0dbs
at 2 metres tr hen useC \\ th a horn soeaker ln
aodrt on theunlrprov desastab lsed ] 2Voutput
up to I 00.rA A swrlch ng re ay s a so ncluded
sothattheun tmay be usedrnconlunct on wrth
the US 5063 or US 401 2 to form a comp ete
alarm

Price f9.95 + V.A T.

HAROWABE

HW 1250
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t9.50

+ v.A.T.

KIT

This attractLve case is Cesrgned to house the
control unrt CA 1250. together with ihe
appropriate LED ndrcarors and key sw tch
Supp edwrththenecessarlmountrngp arsand
punched front pane the unrt s g ven a
professronal eppearance ov an adhes ve silk
screered rabel Srze 200 by I 80 by 70mm

Surtab e nretal enclosure iorhous ag an rnd v,oL a

ultrasonrc module type US 5063 or LrS 401 2
Supp redwrththenecessarymount ngD a.sard
screwsetc ForUS5063order SC 5063 lor
US40l2orderSC40l2

HARDWABE

HW 5063
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f9.95
+ V.A.T.
Thrs hardware krt provdes the rrecessary
enc osure lor a complete se f contalned alarm
syslem which comprises the US 5063, PS 1 865,
oud speaker type 305 and key swilch 32OO
Attraciively styled, the un t when completed,
prov des an effectrve warn ng systent w thout
rnsta latron problems

UTTBASONIC MODUTE
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AIARM COITITR()L

UTTBASOiIIC M()DUTE
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FINESSE LIGHT
CHASER/S

on and off? Get them to chase
esmerise your friends with the
esign by lan Benton.

light unit last December. Here's

5",f riru,.
o the

average light controiler but pro.
vides many more functions, com-
ing a close second in versatility to
a fully microprocesor controlled

It provides not only
vert/al l-f lash patterns
lable on the simplest
nd the f,crward-

reverse chase patterns that appear

NOTE:
tc1 ts 11064
tc2 ts 4520
rc3 ts 4070
lc4 ts 2716
tc5 ts 741s373
lc6 rs 7805
scBl-8 ARE TtC206D
oB silvilLAR
01,2 ARE BC184L
03-10 ARE 2N302
Dl tS 1N4148
D2,5 ABE 1N4001

on some of the more upmarket
versi
diffe
chas
don.
chase in trvos, chase in fours etc.)
eight flash patterns (all flash, a
short strobe-tvpe f lash, left & right
alternate f lashing, centre & outiide
alternate f lashing), and 20 other
sequences including chasing from
both sides to the centre, etc. and
t\vo test sequences (allon and all
off). ln addition, the unir has both
sound-chase and auto-chase facil-
ities so the lights can be set to
change in time to the music or at a
constant rate determined by a
front-panel mou nted potentio-

meter.
The unit can be used to drive

f
5

watts per channel - any more
than that and the mains f use blows
when all I lights turn on together

R30-35
22k+5V

R1
22k

816-29
- 330RI

R14
15k

815
15k

R1r
l50k

D3Fig. 1 Circuit diagram
of the Finesse.

44

vPP A10

A9 Dl
A8

A5 rc4 D3
A4

D5

D6

A3
A2 07
A1

OE CE

a4

cLK rc2 3;
o1

FST

ddooo

* DENOTES COMPONENTS NOT MOUNTED ON PCB
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lights before it repeats again. The
sequences are selected using a 40-
way (CB rig type) switch. This pro-
duces a BCD output which is
connected to address lines A4-A9
(A10 is not used), and a two digit
seven segment output which
drives a f ront panel display. As the
switch has BCD outputs the ad-
dresses f rom A to F (hex) cannot
be used, which limits the system
to 40 sequences out of the
possible 64.

A2716 (161() EPROM was
chosen as the data storage device.
Although only half the available
memory is used it has an ad-
vantage of cost over the BK (2758)
EPROM which is now not easil-v
obtainable, and of ease of use over
the 2708 which requires in addi-
tion a -5V anC +12V po\\'er
su pp ly.

Bipolar (Schottky) PROMs rrere
considered as thev are completely
non volatile (an EPROM may suf-
fer data loss it gets too close to the
disco UVs w,ithout an opaque
sticl<y label) but these are far more
expensive than the EPROM (f 11
for a SchoLl.l<y PROM compared to
about f2.25 for an EPROM) and
cannot be erased if you mal<e a
mistal<e during programming -you have to throw it away and start
again with a new one. However, it
is possible to use a Schottl<y
PROM with a slight change to the
PCB: see Modifications section.

The circuit also includes an
optional LED display which shows
what should be happening at the
f ront. lt was decided not to
include bulb failure detection as
the prototype drives three bulbs in
parallel and so would only show,a
failure if all three bulbs blew
which is fairly unlil<ely.

The completed circuit is split
into three sections. The t;ansformer,
rectifiers, and reservoir capactor
were mounted separately as they
\vere common to another con-
troller which was mounted in the
same box as the prototype. Note
that no PCB has been given for this

lll

T1
5,0-6V
6VA

section, as it is much cheaper to
mount these components separ-
ately, either using a piece of
Veroboard or point-to-point wir-
ing. Do remember that allthe PSU
components are at mains poten-
tial. The sound chase board was
kept separate to place the micro-
phone behind the froni panel and
keep the ir ires betrr een the speed
control potentiomeier and the
oscillator circuii lc, a rrninrum to
a','oid pickup oi r;'.',,.a:ted signals
CAUSINq SPUI.IOU: C;:CJ: 3U:SES.

The soi':c ::a.e -''(-.:;ea-
ture!auto^la::l e,e a:-:'o
tr hicn e i--r'^;:e. :-r ^ar'l :,-, "d-justa ie.e cc.:'( r : .!: 3
qenuire sou^o-aia)e .'.:' a^
cha:ee= :re,'i'::..' :-.- lai:
insteld o' 1,:;:', a-r''i .^F :L'er'l
accordir'g to the , c tj ^'e C 

I :o;-J
The circuit has a fasl altack anc
fairly slon' decay so rt is qu te
eff ective at picl(ing out d ru nr beats
or cymbals. The circuit includes its
own crystal microphone which is
of sufficiently high quality for this
application as only the general
sound level needs to be detected.
lf you're very fussy, you could use
an electret condenser microphone
if you can find a 1.5V power sup-
ply for its internal J FET amplif ier.
The sound chase and oscillator cir-
cuits are implemented using a
TLO64lC (this is the quad low-
voltage low-power version of the
familiar T1071).

No connection should be
made to the disco sound equip-
ment unless it is done through an
isolating transformer or opto-
isolator as the entire sequencer
circuit is at mains live pdtential.

As an added bonus the circuit
features zero-crossing control of
the triacs - this eliminates radio
frequency interference which is
generated if a triac turns on in the
middle of a half-cycle and also
reduces the crrrrent required to
trigger the triacs as they are only
triggered at the beginning of each
half cycle.

The overall cost of the circuit

PIN 24
tc4

PIN 12

com pares very f avou rably to a
commercial unit and even to some
of the simplest three channel con-
trollers; the major part of the cost
will probably be in the bulbs,
bulbholders and con nectors.

Construction
Be especially careful when

soldering on the PCB as the tracks
are very close together in places
and both mains live and neutral
appear on the same board. Use a
good quality socl<et for the
EPROM as you may need to
remove it; the other lCs can be
soldered directly if you feel confi-
dent enough, otherwise use soc-
kets. Take care to get the tantalum
capacitors the right way round
Ithev snrellterrible when they
c o\i up) as rvell as the lCs and
C CCES,

The actual transitor types used
are 'roi critical, but the PCB is laid
out ioi'the t\ pes specif ied, and
vou rr i i ha', e to r-nake sure that the
right leads go dorr n the right holes.

HOW IT WORKS

P N20
tc5

P N 10

ptN 16 PIN 14
tcz lc3

PIN 8 PIN 7

{

PIN 4
c1

PIN 11

* DENOTES COI\4PONENTS NOT
IVIOUNTED ON PCBs

The audio
crystal mic
lCl a which
with D1,R5
tor which
deca peak with
a del eak sisnal
with thereTore
prqd ing to any
sudd

l91d along with R7,R8,R9,R10,C3
and RV1 form a conventional Schmidt
trigger oscillator with a speed variable
from 0.5H2 to 10H2. Switch SW1
switches between the Sound and Auto
inputs.

lC2 is a four-bit binary counter which
counts the input pulses and steps the
four low-order address lines 6f the
EPROM though the 16 bytes of the
sequence.

sw
lines
The s
the input and ground to maintain com-
patibility with bipolar PROMS which
require a higher pull-down current
which is thus provided through the
switch and not the resistors.

the lamps on.
conven-
rectifier
d three-
utput is
is a de-

coupling capacitor for the EpROM
supply.

Fig. 2 Suggested PSU circuit.
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TO SW2
(+ LEDl 2 R16 29)

=6
: =>

o+mNF6@+

I ruv
ro souruoJ

eoano 
I ov

TO SWl W

rnou esu,(

tc5

NOTE
LED1,2 AND R16 29 (OP"IONAL)
ARE MOUNTED SEPARA-ELY

O\ HEATS \K CO+illECTO R

I OR r0 naY,
OR PI\S

=e0=j0ae-sv
OOOOOOQO
N+O@N@OoAEfiEEiiE

Fig. 3 Overlay diagram for the main board and the sound board (on left).

-@-@F*E-.-{@
.-{@€F

CONN ECTO R
OB PINS

ln particular, note that the pin-out
of the BC1 84 L is different f rom
that of the BC]84. Note also that
lC2 and lC3 face in different direc-
tions. Allthe lCs apart from the
TLO64 and74LS373 are MOS so
require handling carefully - don't
touch the pins more than you have
to and mal<e sure that your solder-
ing iron has an earthed bit. The
T1064 is J FET and 1S373 is bipolar
and you can touch them as much
as you lil<e!

lf your crystal mic is mounted a
hole in the f ront panel, make sure
that you use a plastic-bodied type
as the metal body is connected to
one terminal which will therefore
be at live potential.

The T1064 op-amp must not be
re-placed by aTLOT 4 or TL0B4 even
though these types are cheaper.
fhe 7 4/84 only works down to 6V
whereas the 64 will operate at the
5V supply used by the rest of the
circuit. The EPROM can be the
cheapest type available (try Rapid
Electronics); this will also be the
slowest, but 450ns is still plenty
fast enough as the inputs are
changing no faster than 20Hz and
any access time better than 1 ms is
good enough. If you're using your

46

own PCB design or Veroboard (??)

then don't swap MT1 and MT2 on
the triacs even though it simplifies
PCB layout. These are not inter-
changeable and the circuit won't
work with them connected the
other way round (l tried it!)

A transformer is recommended
for the power supply - even if
you omit the LEDs you would still
need a very hot resistor or hefty
capacitor to provide the 70mA that
the EPROM needs.

The triacs are driven by PNP
emitter followers; while this sim-
plifies board layout (as no base
resistors are required), it confuses
things slightly as the triacs are then
switched on by a zero output f rom
the EPROM. This isn't such a bad
thing as erased EPROMs are full of
FFs (all outputs high) so this means
that an unprogrammed location
turns all the lights off.

The triacs are triggered by a
negative gate pulse. ln this way
less current is required to trigger
them on (5mA as opposed lo
10mA for a positive going gate
pulse). The triggering current is
actually 50mA; this is to ensure
that the triacs turn on fully as
quicl<ly as possible. This is fairly

important as lamps can have a turn
on surge current of up to 10 times
the normal running current and the
triac will only cope with this if it is
fully turned on.

Connections are made to the
main board using "Wafercon" ter-
minals for the mains outputs and
Minicon connectors and ribbon
cable for the switch and LEDs..
These are more reliable than sol-
dering to the PCB as movement
can easily breal< a solder joint.
(Minicon & Wafercons are f rom
MAPLIN).

The seven segment displays
can be either common anode or
cathode..The ci rcuit diagram
shows the common anode variety
with the common display terminal
connected to 5V and the switch
common to 0V. For common cath-
ode displays simply reverse these
two connections.

The CB rig switch (SW2) comes
from Ambit, their catalogue shows
two types along with a connection
diagram. One type produces a
BCD output which is one less than
the number displayed on the 7
segment displays - for this appli-
cation, this is immaterial. The dis-
plays were mounted on a scrap
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PROf ECT: Light Chaser
PARTS LIST

RESISTORS
indicated)
Rl, R2
R3, R1 2
R4
R5
R6

(all %W 5% except as

22k
47k
2M2
2M7
6qk
1 00k
33k
150k %W
1 50k
1sk

oz
l
o
U

40

39

37

36

35

34

32

31

1460

1470

1480

1490

t4A0

14B0

14C0

14D0

14E0

14F0

FF I,'F

00 00

OO EF

FF OO

FF FF

FO OF

FO EF

C3 3C

AA55

FF I"
00 00

FF OO

OO FF

00 FF

OF FO

FI' FO

3C C3

55AA
FFM

txi t0
FF I!
OO FF

FF F'
OF FO

FE OF

3C C3

55 AA

FE 55

;, ..
00 ::
0F i!
EF SO

3C C]

FF' AA

CODE

FF' FI-' FF }-F FF

00 00 00 00 00

OO FF OO FF OO

FI OO FF OO FE

FF OO },'I- FF FF

FO OF FO OF FO

OF FF FO FE OF

C3 3C C3 3C C3

AA55AA55M
55EFA{FF55 FFR16-R29,R47-R54 330R (22 offl

R30-R37 22kxBStL
resi sto r

R39-R46 100R (8 off)
RV1 500k log

CAPACITORS

R7, R8, R9, R38
R10
Rl 1

R13
R14,R15

C1
C2,C3
C4

C5

C6

SEMICONDUCTORS

1500 - 156F FF

30 1560 7F DF

29 1570 7F 5E

2a 1580 7F DF

27 I59o 7F )E
26 15Ao 7F D!'

25 15ts0 IrC F3

24 15co E7 c3

23 15D0 E7 C3

22 15Eo E7 c3
21 15Fo 7E BD

BI- EF DF F7 EF

51 55 54 5A 40

I'7 FD EE EB EF

57 55 45 05 04

E7 FD BF EF FB

CF BF OO F'F OO

81 00 t8 3c 7E

81 00 81 C3 E7

81 00 18 3C 7E

DB E7 E7 DB BD

FE OO FF OO EF

M A-B AF BP EF

FD FE FB EF tsF

AA BA FA F'B FF

FD BF Eb' FB FE

FC OO FF OO dF

OO 18 3C 7E FF

00 81 c3 E7 Fi
00 81 Cl E7 ai
ETEl)8F,,1

3p3F 6V3 tant
lprF 6V3 tant-l0nF Siemens PCB
polyester
22OOqF 1OY
Electrolyti c
10pF 6V3 Tantalum

FB

00

BF

00

FE

EF

FF

EF

EE

7E

E]

Er-

F7

5,

F7 FD FB

BO AO A8

7E DF F7

80 A0 A8

7F DA F7

3F CE F3

E7 C3 81

E7 C3 81

7E tc 18

7E BD DB

PCBs; lightholders; connectors
lC sockets as required: crrstal
phone

piece of veroboard rr hich r,, as
fixed to the front panei, anc :i-e
interwiring betr,r,een the oisciar s

and the switch rras dore L;si,r.:he
310 R resistors and ir^sulari .e.-
sleeves. The switch is,nterrdEC -.o

be PCB mounting but rvas used
mounted on the f ront pane and
connections were made bi'so cl er-
ing wires to the tag,s.

The rectifier diodes and cap-
acitor w'ere mounted on anotlrer
piece of veroboard f ixed next to
the transformer.

Both outputs lrom the sourd-
chase/oscillator board are taken to
an SPDT switch, from which the
( ommon terminal goes to the
clocl< input olt the main PCB. 5V
and 0V power supply wires are
tal<en from the main PCB to the
sound-chase/oscil lator board. Al I
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1600 - 165F t-F

20

1S

't8

17

16

15

14

13

12

11

1660 7E

1670 F0

1680 7F

1690 7F

16A0 0F

l5B0 3F

16C0 3F

16m Fa

_aEa

E]

8F

OD

FD

E1

00

.C

the interPCB connections are
shorvn on the diagram. The use of
D-type socl<ets to connect the
lights to the controller box is not
recommended - you may get a
nice display of pyrotechnics as the
u ires louch [ogethe acs
rvill blow faster than
the circuit and remo (s
frorrr the PCB. Use larger socl<ets
a: the McMurdo types which also
have a retaining clip.

Setting-up

:, L:.i;Ir"C I-dATIONS - FF Table 1 Suggested EPROM contents.

tcl
rc2
rc3
tc4

IC5
tc6

D1
D2,D3,D4,D5
Q1,Q2
Q3-Q1o
SCRl -SCR8
LED1 ,2

LE D3-1 O

,\4ISCELIANEOUS
T1

sw1
SW2

FS1

TLO64
4520
4070
2716 450ns
EPROM
7 4L5373
780s 1A sV
regulator
1 N41 48
1 N4001
BC1 84 L
2N3702 (8 off)
TlC206D (8 off)
Seven segment
tED displays (see
text)
single LEDs to
choice

BD DB

OF F]

EE BF

FE BO

87 c3

0F 03

!l ca

.-

6-0-6 V 6V{
SPDT s* itch
Rig Sr,r itch - see
te\t
131 fuse &

-: :] :. il
a. aC aE !-i
1a ia 7i FF

oF {r7 03 0t
t0 E0 B0 A0

EF DF tsE 7!'

CF 9F 3F 7E

9F tsC 3t, lE

E7 Fts FD F-[

EF DF BF' 7F

B

:E

FC

E]

/t^

FE

FD

a9

EF

Bt-

FD

i;
iC

FB

F3

ct'

Dtr

F8

)i

F7

E]

DT-

EF

F7

holder
to suit

mtcrG

you had a short circuit and now
your probab
PCB left. On
nothing hap
the switch is
all light off). lf there are still no
lights, checl< that there is 5V on

BUYLIN ES 

-
The rig switch is available from Ambit;
the suggested connectors are available
from Maplin (although substitute types
could be used); shop around for the
EPROM and buy the cheapest vou can
find - Rapid should be worth a look; and
the PCB is available from our \err. own
service.
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PRO f ECT : Li ht Chaser

the lCs - pins 24 and.12 on the
EPROM 1 6 and B on the 4520,14
and 7 on the 4070 or 4 and I 1 on
the T1064. lf not suspect a bad
connection or faulty voltage regu-
lator. Checl< also that there is a
50Hz high mark/space ratio
waveform on pins 1B and 20 of the
EPROM - if not check round the
4070.

ng, play a
beat and
SPDT switch

is on 'sound' the lights change with
the beat and that the [ights change
at a constant rate adjustable by
RVl when the SPDT switch is set
to'auto'.

ti me - this considerably lessens
the lil<elihood of receiving a fatal
shock).

Mal<e sure that you don't put
the sequence switch too close to
the microphone otherivise the unit
will respond to the clicks made by
the switch when you change the

sequence, and, as these are quite
loud the unit will take a coup'le of
seconds before it starts sound-
chasing again - this is due to the
slow decay on the soundchase
crrcu rt.

E PROM Programming
Each sequence lasts for 16

bytes, azero corresponds to on
and 1 to off hence EC (hex) :
11 101100 (binary) : lights t,Z
and 5 on, lights 3,4,7 and B off.

The starting address is 16 times
the 1s complement of the output
from the sivitch (see PROM dump
if confused). This is because the
switch is connected between the
address line and 0V with a pull-up
to 5V so that the output of the
sw itch is in', erted. This is to main-
tain compatibility with Schottky
PRO\1S on rr hich the address
Iines can be pulled up to 5V with a
much hiqher r alue/resistor than
dorr n to 0\'.

Modifications
Here is a list oi possible en-

han ce m ents:
1. Using a Schottky (fusible link)
PROM. The type required is

87 5191. A slight modif ication has
to be made to the PCB. Cut the
tracl< that in 1 B to pin
20 on the d connect oin
1B to pin big blob of '

solder wil

the other 1 024 bytes cut the track
between pins 19 and 21 on the
EPROM and connect pin 19 to a
SPDT switch which can connect
pin 19 to either 0V or 5V (don't

375 Watts per channel: (a) Use
heatsi n ks
are using D
instead;-(
EPROM s

lights on at any one time cannot
exceed 3000W (otherwise you'll
blorv the mains fuse). 

ETI

WRONG TIME?
MSF CLOCK is ALWAYS CORRECT - never gains or loses, SELF

SET-
TING at swltch-on,8 digits show Date, Hours, Minutes and
Seconds, auto GMT/BST and leap year, parallel BCD (including
Weekday) output for compuler, receives Rugby 60KHz atomic time
signals, built-in antenna, 1000Km range, RIGHT TIME, 872.70

6OKHZ RUGBY RECEIVER, as in MSF Clock, serial data output
decoding details, Basic lisings, €24.2O.

V.L.F.? EXPLORE 10-150KHz. Receiver 821 .2O.
SPEECH COMPRESSOR, make them hear you, el 6.80.
DISCOUNT €2 when you order 2 kits - ask f or full list
Each fun-to-build kit includes all parts, printed circuit, case, lnslruc-
tions, by-return postage etc, money back assurance, SEND away
NOW.

CAMBRIDGE KITS
45 (TZl Old School Lane, Milton, Cambridge.

PARNDON ELECTRONICS LTD.
Dept 23, 44 Paddock Mead, Harlow. Essex CM18 7RR Tel:0279 32100

RESISTORS: h Watt Carbon Film E24 range t 5% tolerance
Bandoliered and colour coded Full Range 1RO-10M

ll,00perhundredmixed(Minl0pervalue)€t.S0perthousandmixed(Min50pervalue)
Special stock pack 60 values 10 of each €5.50

RECTIFIERS
1 Amp 3 Amp

50V 3p 14p
100V 4p 14p
200V 5p 14p
400V 6p 19p
600V 8p 2Op

1000V 9p 25p

3rrr Dlglt LCD Dt6play: 1 colon.3 decjmal points
plus/minus sign and lo bat indicator

Complete with low p ower 7 106 A/D converter display driver
Driver set €E.95

Dleplay €3.50 Driver f6.50

DIODES: IN4148 il.60perhundred

DIL 8 pln - lop 14 pin - llp. 16p pin l2p. llip pin 19p.20p prn 2lp
SOCKETS 22pn-23o.24pin-25p.28pin 27e4Oeln 42e.

Full Llst Avallable - Send SAE
ALL PRICES INCLUDE V.A.T. & POST & PACKING _ NO EXTRAS
MINORDER UKIIOOOVERSEASf5 CASHWITHORDERPLEASE

Same Dav Despatch

ENTH USIAST S

A-Z

menlton
lhis iournalYl1i,,,n Prompt
'Access'facilties Connectors
Aerosols Discounts
Batteries Electrolytics
Boxes Ferrites
Breadboards Grommets
Computers & Hardware

equipmnt l.Cs.
Capacitors Knobs

BUYING GUIDE
It's amazing what you'llf ind in the
pages of ourcurrent Autumn price
list, be you beginner expert or
professional The list below gives
some idea of the enormous stocks

we carry and our service is just
everything you look for and

is backed by nearly 20 yeafs
of specialised experience
Write, Phone or call for
ourAutumn price list now!

It's FREE!
Good Bargains

Good choice
mail order service
Lamps Switches
Meters Solder tools
Opto €lectrncs Tools
Ouantityprices Transformers
Ouartz crystals Vero products
Rsistors Visa'facilities
Relays Zeners
Semi conductrs

ELECTBOVALUE LTD.28 St Jude's Rd, Englefield Green, Egham, Surrey
lW2O 0HB Phone - (0784) 33603 Telex; 264475:Northern Shop 680
Burnage Lane. Mqnchester (Callers Only) EV (061-432 4945) Computing
shop 7O0 Burriage,Lane M/c. (06'1-431 4866).
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T.V. SOUND TUI{ER PosrrnoNtcs
BUILTANDTESTED
ln the cut-throat world of
consumer electronics, one
of the questions designers
apparently ponder over
is "Will anvone notice lf
re save monev bv chopp-
ing this outT" ln the
domestic TV set, one of the
first casualties seems to be
the sound quality SmalJ speakers
and no tone controls are common
and all this is reallv qurte sad. as the

FOR PROFESSIONAL POWER SUPPLY UNITS

":-

* &

TV companies do their best to transmit the highest qua itv sound 3':_ :- : :::a:_:--: :
compact and independent TV tuner that connects direct to your i -= : : --!: ':- : = 

_

reproduction The unit is mains operated
This TV SOUND TUNEB offers ful UHF coverage wlth 5 p.e se :c::. --- -
alsobeusedinconjunction withVourvideorecorder Dima^s:r: --', . !
E T.l kit version oI above without chassls, case and hard!\:'= 812 95 : -: :

r:s t.onics ieads the freld in providlng an inexpens ve range ol proiessronai
::.:' :at on power supply units to ndustry and the enlhusrast The r features
:-: :e-;crnance being worthy of instruments twlce the r p.rce such as v sua
:l -: :alron of mode ertherconstant current or conslant voitage ilpp e less
-:-'--.,rrlageregulationbetterthanO0loo,oadlegulattonbetteithan00t0o
: ,: : :-:aJ crotected

:3 e n krt they come complete with a step by step guide to prob ent
-.i f,^ piacrng thenr we I within lhe pocket and competence of even

PSU 3O3 (DVS)
'0'30 volt output
* O -3 amp oLrtput continuous
. lntegra 6 range nleter grvilrg
0 3v O-1O0nrA
0'10v O-5OOmA
0-30v 0 3A

Perlormance ight weight toroida
t ra.sfornr e r
DVS Dual Voitage Switched
Des q.ed b\, Pos tron cs this
: :,.: ife.,n t to del ver twce the
:--_i.i :'cin\ ent ona vailable
a:,',e's.Da \ ra ts
- {: E58 90

i ;as::c e74 8o

Frorn kit or bur t and tested you w 1i have a hrghi, conirorab e pcwer source ol
exact ng deslgn engrneering and qua ty

A I prices nc usrve of VAT P&P C2 90 Please a low 21 days de rvery

POSITRONICS
Unit 4, New Enterprise lll, Montgomery Street

Sparkbrook, Birmingham 81 1 I DS
Tel: O21 -35O 2267

f24 95

COI\4PLETE
WITI CASE

p&p,

This easy to
build 3 band
stereo AM/
FM tuner kit
is designed
in coniunction
With P E (JUIV

ACCESSORIES: Stereo/mono ma ns por.ersupo " KrT f10.50
< t with transformer: I10 50 olus i2 00 p&p -i: 1: o&c

Stereo cassette
tape deck trans-
port wrth elecl-
ronlcs
Manu factu rer's
surplus brand
new and operat-
ional scld
without warranty

f 1 1.95
plus f2 50 p&p

Just requl res
mains transform-
er and input/
output sockels
and a volume
control to com
o ete Supplied with ful connection details

SPECI F ICATIONS:
Max output power (BMS): 1 25 W Operating
vo tage (DC): 50 - 80 max Loads: 4-16ohm
Frequency response measured @ 100 watts:
25Hz 2OKHZ Sensltrvrlv for 100w:400mV
@ 47K Typlca T ll D @ 50 watts,4 ohmsi
0 1o6 Dimensrons: 205x90 and 190x36mm

tsu Lr f14.25
-ai i 5 o&o

TTS

.eal for either Hl-Fi or Disco use this speaker
':Jtures an aluminium voice
:o a heav! 70mm diameter
:-"ni",. i'Lo,i"."v i"-, ioi, f 5.95
:: TKHz lmpedance: 8 ohms +f2,2OP&P,

AUDAX 40W Ferro-Fluid Hi-Fi
Tweeter
\ cver on 5kHz
- 22kHz 60mm
i:-are I ohm

21 E HIGH STREET, ACTON. W3 6NG.

\::: Good3 despatched to U K posral add.e$es only
- leos subtect lo avallabrlity Prices co(ect at
: 5 S aid sub)ecl to change without notice
>i:s: ai ow 14 work nq days iiom receipt oi order
': :pEich RTVC Limited reserve the rlsht to up-

=:: :.e r pfoducrs wrtho!t notice All onquiri.s rond
S A E Te ephone or marl orders by ACCESS welcome
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2 TVAY 1O \!ATT
SPEAKER KIT

SPEAKER BABGAINS I
8 5a!s - r -3_:: :_r : -
t!\eara. Ca-: :i: . :_ ::-:,,:
t! re crosso!:- ct-a:_:_t:
and cebr.er i ,ccJ c':
cut - no cuti -a.::- -:i
Frnrsh ch otrc;.a ccia_:l
wood s mulaie : :a i,i , \
8%"x4" PA R io. Oi!LY

f12.50 plus eT 75 p&p

- ':_: r:i:-::,.. PO r)r L I

| 
.,' ... ' - , 82.: a,card, Access, Amelcan Express carcJ 

I

ALL CALLE RS TO 323 EDGV!ARE ROAD,
LONDON W2 Telephoner 01 723 8432
(5 m nures walk lrom Edsy,are Road Tube Stat on
Nowopen 6 davsaweek I 6 Prces nclde VAT

f5.50
+60p D&g

! :.'.';""ol;:!:],','j#Jjl"l;;:"",u"i,-,,1"f'J;,|,"j"o,,",,,", ;

PRACTICAL ELECTBONICS
STEREO CASSETTE
RECORDER KIT
ONLY f31.00 plus f2 75

* NOISE REDUCTION SYSTEM * AUTO
STOP r TAPE COUNTER . St!ITCHABLE
E O. * INDEPENDENT LEVEL CONTROLS
-TWIN V U METEF .WOW& FLUTTER
0 1%. * RECOBD/PLAYBACK I C YIITH
ELECTRONIC SWITCHING . FULLY
VABIABLE RECOBDING BIAS FOR
ACCURATE MATCHING OF ALL TYPES

Kit includes tape transport mechanism, ready p!nched and back
printed quality circuit boardanda I electronicparts ir semiconductors
resistors, capacitors, hardware, top cover, printed scale and mains trans{ormer
You on v supplv solder & hook_up wtte Featured in April P E reprint 50p Free wrth kit

STEREO KIT STEREO CASSETIE
DECK

'8'1 ) For ease of construction and alignment
it incorporates three Mullard modules and an

L. lF System

FEATURES: VHF, l\,lw, LW Bands, nterstal'
ron muting and AFC on VHF Tunlng meter
Two back printed PCB's Ready made chassis
and scale Aerial: AM ferrite rod, FM-75 or
3OO ohms Slabilised power supply with 'C'
core mains transformer All components supp_
lied are to P E strict specification, Frontscale
size |Oy,"x2%" agprox Complete with dia-
gram and instructions

SPECIAL OFFER!
f13.95 +ez sooap

125W HIGH POWER
AMP MODULES
The power amp kit is a module for high
powe. applications' disco units, guitar atrrpiif-
iers, public address systems and even high
power domestlc systems The unit is protecled
agarnst short circurting of the load and is safe
rn an open circuit condition A large safety
margin exists by use of generously rated com-
ponents, result, a high powered rugged unit
The PC board is back prrnted, etched and
.eady to drill for ease of construcr on and the
a uminium chassls rs preformec and ready to
use Supplied wth a parts, c rc! ldagrams
:nd instructions

dUMPIOIT!
Climb aboard the breadboarding
bandwagon with GSC's new WK-1
wire jumper kit - just what Vou,ve
always wanted to make
breadboarding easier and quicker
than ever before. Here, in one
neatly compartmented box, are all
those different lengths of insulated
hook- up wire you need - 25 pieces of
each, in 14 Iengths ranging from 0.1 inch
to 4 inches. What's more, the GSC kit makes
your job even easier by colour-coding all the
different lengths and providing a quarter-
inch length at each end with the insulation stripped
of f and bent through g0o So GSC jumper wires come
ready to plug straight into your quick-test sockets, bus strips or
breadboard system No more fiddiing arouno with \wrre cutters,
strippers or pliers everything you need in one box Take the plunge
right now by frlling rn the GSC coupon.

GSC LUKr Ltd , U" : 1 S- -e H i-clsir at EstarE, Saffron !!a den, Essex CB1 I 3AO
iz.ec-o^.e '1199 2i682 ree; 81747-7
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BUILD A BETTER AMPLIFIER!

How can you own a top class HiFi amplifier, of comparable standard to Naims, Meridians, Ouads etc., for an outlay o, less than €25O?

- Simple! Build it yourself - with a Crimson kit.

It is not necessary to spend a small fortune to obtain true Hifl performar:ce. Crimson Kits offer all the features and sound quality of the most
esoteric amplifiers available and their ease of assembly ensures that they work Iirst time and continue to do so. Not only do Crimson Kits offer
outsta nd ing valu e, but they also to adapt to any u s All t h e P,C. B.'s are ready assem bled a nd teated (they are not "pot-
ted" as we believe disposable m extravagant!) ther tructing a kit is pleasurable in itself and, once built, i^/ill give years
of untroubled service. So, wheth e record player or disc. you can be sure to get the most f rom your system.E.T.l. said,
in their review of the CK1010/1 100: "l can s?y no more than tha'l ior' !250 it is a bargain and one that will become the reference point for kit
ampliiiers from now on." Need we say more?

PRICES
CK1 010 - STEHEO PHE-AMPLIFIER (moving magnet. tape :J:e- :akes power from any cK power

P.S.K.
CK104O - STEREO POWER-AMPLIFIER 40 watts R M S C:are
CK1080 - STEREO POWEH-AMPLIFIEB 80 watts R N4 S Crare
CK1 100 - STEREO POWER-AMPLIFIEB 100 watts R l',i S Ct'a-e
MC2K - Moving coil add on kit for CK1O1O
P.S.K. - power supply lor CK1010 (if not used wittr a CK pcr,er aro
CRlMSONalsosupplypoweramp,preampandelectrcnrcc.ossc,e'-c:!es:o,,.ersuppliesandhardware
receipt of an S.A.E we will be happy to supply fuli detaiis

TO OBOEB Send C W.O or quote your access card nc r ohone orde's ac.eo:e., C-
325 Edgeware Road, London

F-cd rcts are also available from Bradley Marshall Ltd,

TIME CLOCK & TNPUT/OUTPUT PORT
AMAZING FEATURESATAVERY LOW COST FOSSIBLEAPPLICATIONS INCLUDE:
Batery backed up Real Tim Clock with month, Home Control, Electronic Diary with Alarm,

amp or separate p.s u type
€92.OO

€1 21 .OO
El 34.OO
E1 51 .OO

c25.OO
c20.oo

- too much to list here - but on

;l
dav. date. hours. minutes and seconds Programmable Timer, Sophifiicated Burglar
Proqram to control the Clock in on board Alarm, Auto Stopwatch, Sound Effects, Time &
PBOI\4 MEMORY - eves your computers Date Displays, Light Chaer, Disco Control
memory Consle, Auto Telephone Dialer, On/Off Switch
Only ONE LINE in your BASIC Pf,OGRA[4 is Control. Temperature Conlrol, Power lvlonitor
needed to read or write the date and time ing, Automatic Tesing, Robol Control
Eight programmable OUTPUT channells (TTL Counter, Prme$ ConrroL, Sc enti{ic Applicat
compatible)
Eight programmable INPUT channels (TTL
compatible)
EXTENSION for Rampack, Printer etc included

ions. Lab Experiments. Time Bmorder etc

EX
FOR RAM

PRICE nruazrrrrc var-ue
ZXSI TIME CONTROLLER
onlv f3450. TSPECTRUM
TIME CONTROLLER only
E!8.50. lI yo @n buy a similat
product at a loE prie, rc
will match it

BUILT IN
PROGRAMME
IN PROM

K ETC.

MEMORY

Merry
Christmds I EIGHT \\\ ourpursFrom 

I CLOCK
DATE AND TIME

FOR FURTHER INFORMATION
Plea* end me more inlormation on the followinq.

! TimeControllerforZXS1 & Spectrum

Lt Products for the Apple ll Computer

AODBESS

TEL 

-

E C R r_M$' g I"{.""HIilH.5J BJKSI9 K E
PHOENIx wORKS, 500 KING STREET, LONGTON, STOKE-ON-TRENT. STAFFORDSHIRE. ST2 IEZ @ oztz TTOSZO

SILVER.REED
PR]NTER/ TYPE\^]RITER

AS FEATURED OI.I OCTOBERS F-RONI COVM.

R.R.P. L339.25
EX42 SPECIAL PR]CE L245.@

JUST I,OOK I^JI]AT YOU GET!

1. Latest technology daisywheel printer
2. High- quality keyboard
3. Interface option to most micros
4. Automatic correction (16 characters)
5. Post, packing & insurance free
6. Other quality features

l{e also supply other Silver Reed
models
Phone for details of our interface.
Cash refund if returned undamaged
within 14 da.ys.

We also sell software for most of the well
known micro's. Send SAE for /ist, stating

your computer
Cheques/POs to

TAPESOFT
ul-892-1909

55 Morley Road, T\,vickenham, ThIl 2llc.
ETI DECEMBER

DEALER ENOUIRIES WELCOME _ GENEROUS OUANTITY DISCOUNTS AVAILABLE
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REVI EW: ALTAI
CAPACITANCE METER
Do you ever need to check capacitance? Vivian Capel reviews
a rneter that takes the misery out of measurement

Wlinl :if,:fin
out making a ent of cap
seem little the worse for it. After all. if t'ou suspect a
capacitor in acircuit, you just chanqe it, if the fault clears
well and good, if it doesn't ,vou look eiserr here.

Capacitors can be the nrost troubiesonre of the
passiveelements in anycircuit- surpassed onlr' b1 con-
nectors and dry joints as a source for trouble. \'ou mav
even find it we[l worthwhile to check ali nerr capacilors
as a matter of routine - particularly ivhen prototr pine,
when it is important to rule out possible sources of
malf unction at an early stage.

There are many other situations where capacitance
measurement can be very helpf ul, if only it was as quick
and straightforward as measuring resistance. The answer
is to invest in a direct reading capacitance meter. There
are a few nrodels about, although they are not as com-
mon as the bridge. One of the latest to appear is the
ALTAI DM-6013, supplied by Semiconductor Supplies
lnternational Ltd., 128l130 Carshalton Road, Sutton,
Surrey, at a cost of f49.5O plus VAT.

A Closer Look
The lnstrument is housed in a plastic case sized

7x31/cx1% inches, which feels sturdy to handle, not like
some instrument cases. lt can be supported on the
workbench at an angle by means of a pull-down stand at
the back.

It doesn'ttake that close a lookto see thatthe display
is a digital LCD read-out giving half-inch high tigures.
Now I am not over-enthusiastic about LCD displays in
spite of their power economy, as the readability is not
always what it shculd be. I have no grumbles w,ith this
one though, the 3%-digit read-out comes with bold
black figures against a silver-grey background. I found itre i3', wi,
m F, rt you
th :2 dof
this range does permit sonre interesting, erperinrents in
ci rcui t stray-capacity.

The eight individual ranges are selected br inter ock-
ing push-buttons arranged dou n the lefi-hand side oi
lh e instru ment. These advan ce in value in ln c re nr e nts of
ten, from the lowest at 200 pF to the highest 200t11iF.
Resolution is from 0.1 pF at the lolr'est ranqe to l,iLF ai
the highest.

Specified accuracy is 0.5% on all ranges except the
highest for which it is 1 .0%. lf at any tinre ihe accuraci-
ialls outside of those tolerances, the insirurnent can be
,ecalibrated by the user by means of an internal preset
and a capacitor of l<nown value, preferabiy a large value
'rear the maxinrum for the particular range.

The instruction booklet describes how to do this, but

ETI DECEMBER 1983

owing to the inherent stability of the LSI circuitry it
shou ld rarely be necessary. lf much hard use is envisaged
though, it might be prudent to anticipate rer:alibration,
by selecting a suitable capacitor with a low temperature
coefficient and recording its measured value with the
new instrument. This could subsequently be used as the
standard for accuracy checks and recalibration.

Apart f rom the range switches the only other controls
are the on/otf switch and a set-zero knob. This latterwas
the cause of some initial disappointment as I imagined
havi n g to f id d le with it each time a ran ge was chan ged or
a m easurement made. I was relieved to f ind I was wrong,
as th is rvou ld have been as irksome as f ind ing the nu ll on
a bridge. The control has an adjustment range of +20pF
and therefore is significant only on the bottom two
ranges, especiallythe lowest. lts purpose is to cancel the
capacitance of the test leads when making low ca-
pacitance measurements.

The instrument applies a small excitation voltage of
2.8V maximum to the capacitor under test. The bottom
five rangesfunction on afequencyof 800 Hz, butforthe



FEATURE: Review

hi f requency is lowered to B0 Hz (200pF
ra 000pF). Sampling of the capacitanceta half-second, so any variations changeth is rate.
. Polarity of electrolytic and tantalum capacitors must
be observed, this being indicated by the'colour of the
leads and sockets lred and black). li is essential to dis-

natu an an instruction forimm not be used for toolong theaccuracvrrillfar
with

ln Use

ranges.

Lead Testing
A job that I discovered I could do with the test meter

When a connecting lead goes OlC,itis almostalways
near the con nector, because there is more f lexin g the re.
But at which end? Well it's easy enough to tell with the
meter - sim ply check the inter-conductor capacitances
at both ends (ie. centre to screen); the end with the
lower capacitance is the one with the fault near it. ln the
rare event of a break near the midle, this will show up as
approximately equalto the ratio of the two lengths to the
break.

Conclusion
trument wh ob

we use more an ou
wo without it. lt ed
by rmative inst let
that contains much usef ul data including a table listing
the various types of capacitor and their iharacteristics.

ETI
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mONlTOn rn allracfve.ase
rl Wrth ln,oe25.!ch Ca(C7
ed Oueily Keyboard wrth Numcoded Oueily Keyboard wrth

27 Funcnon Keys E25..ch27 Funcnon Keys E25..ch P&Pt
Catt t7Catt t7

. Cased Non W
.Ca(t7 Wrlh oc
rdwrlhNumer ct

hevs €35 lh. P.lr. Carr C7
M_EC 20 brack 8 whrte monrtor Video rr eso
slyle 20 Monrlors e3Ostyre zu Monilors Eoo
INSTFUMENT CASE slanda.d 19' wrdth x t6
deplhr 10 hrgh €5crch Ca(t7
FLOPPY D SK DRIVE I by MEMOFEX Conn*tron
dela, s E75.rch PEP C5
CFEED 75 TELEPRINTER. Very sood con

€25 eech Cariage [7
ELECTROLYTIC CAPACITOR 1 5.000 mld 25V
2Op ea r 0 oll €t ,60
SLOTTED OPTO gWITCH wrth data 5Op 10 otl
e4
INFRA BED OUABTZ I.AMP 23OV 620 WaXs
S.e I3, x jt dia €1.soea 10otlClO,
FERRANTI PHOTOCELL iype MSl 5 _ 5Op ea
'C oll €4
AMPLIFIEB BOAFOcomplelewlh h€atsink&2
.-ipur rransrslorstype 2N5293 12l24Vlnput At
east 5 Watt oulput Circu[ supplied €1 50.
VARIAC 2 amp Er-6q Good condition €12 ea
.3,F td
LED i/re T 1209 Fed with holder - 8p ea 10
.; 70p
C SOCXET I 6 p n - Bp ea 100 oll €6,

OE nEO MOTOR I l71234 Volr tnNr 50HZ 4" dht 5 i' dq I ' tutr til.w .l och POP ta
IO?Oa r2'v qC lnrr il di. , 11" &.p, l"t!.n Ee E E -ch PbP Cl-
OC HOIOn 8-t2 VolE Mch.nacrtr Clmol
Srd Cd 1 l" db cl -chEOTOi 12V OC *h FlLy & eil-co.lductor
E Mrd ll Eh
3YIICHROI{OUS HOIOF 2 Phs 9 vd AC 375Rru Gd r@ ln .d. 30-40 mld c.Nhd
S\J]d ld Rdittr/Plrm etc. tl och.

GEAFEC UCTOF .:aV 5CHZ 4 Walt 1 rpm 2 dra
. 1i 4 cl50xci.

CtHTIUR FA|S 1l I l5V Nry, Ca,E -ch.TaUFFX !15V .i |Jld, C, rch PeP EI
n iSIOaHEFS il b.M lw, .{ 2aO vds

S* 25 5, : 3r Se 3i ^ 2l . 21". El.5o{ch.
3G ":i'l !-:r n-6Eh S.cGVl.65All.60
3c'2! 'X{A S S
Tnl4$oi-x€t12i v* rw S.c lo{-tov 1A

9E k TBrJlSfO{XEn 0 120-2a4v lnryt S€c
i:i 'ry.tA tp -d l0 otl cl
TOaO1OAT TMIJSIOiIEF O 1 l5'230V lryut
S# r3 H '3 5\ tlA cl 50 -d 10 otf Cl2
TOROID L TRllStfollrEn C 120'2aov tryrTOROID L ffiUEF O IT'Z€V IryI
SG 0 r2t , ,:V 10vA r d{q Ercryhd

- 
STEWART or READltllG

.EL 1r0 HyxEil^ffo#?,;S3ffi.BERxs. Rcr rpr.

C.llcE wclcom! 9 Em6 ! pm Mond.y to

Inf erak 1

BUILD YOUR OWN
COMPUTER

Wh ere have all the con struc tors gone ? All the pe ople who so me
years ago would have been bui dtng therr own ow distorl o.
amplrtrers, their own synthesisers, speaker cabtnets digtta
alarm clocks and so on,
From our experience they're st ll here - what they re bui ding
nowisthe"lnterak' computer Thetroubleis,asuppl er rkeusoI
the necessary matena s is in dreadful competition tn the con,
sumer" home computer ntarket - flooded wtth companies
backed by mllons of pounds of venture captal, and al
seem nglyhe -bentonboomorbust sowehavetomakedowith

ow prof e ad,/erts like th s to spread the word
The exc lement of computers now goes on n the board-room
wreng n_os and wheel nqs and deal ngs and mosl y there's ao
exc terent or sense ci pa.icrpat on left ior the poor old user,
,',ro ss.p r -sedasapav,n n thepowergame Severalyears
egc:h.gs\!erediferent theon ycomputers nordinaryhandS
r e.eci.s; h chv,erepa nstaking ybu ltbytherndivtdua con-
si --.:.'- clie n u, th c h ps cost ng i ity pou nds a tim e, wh ch had

. ..:'..'.. spec a yirom the USA When you had built a com-
.-:e {e l-ai icu hadsomethingyoucouldbeproudofrThere
a: -r.e o eas!.e n bur d nq your own computer then than

a., _,! an! rurrber oi todays'plastic'computers And as a
.:i-siou hadlhebenelrtof qa ningilchesbeyondprice the
i-c/-"oy, - lheab,l tylounderslardwhat really goeson tnstde,
: -rast to be ab e to see the e ectrons flow ng down the w res
a'ic lhrcugh the chipsl
Trcse days are not qurte gone you can stil bur d your own rack
:ro card computer - lnterak!

Erar.p e pflces(excluding VAT): 4 MHZ Z80A CPU card e1 0 95
',1a.!31 CT 50 Marn Parts l'1341 (everythng s avalable
seperate y and iu I after sales service in case you make a

"- stakel
.:10 type wiltten pages ol descr plron specrfrcat on, price ists
etc are your- ior lhe ask ng (a 20p stamp and,/or SAE ls a he p
but nol essentia or telephone i you prefer)

Greenbank

Greenbank Electronics (Dept T 1 2E), 92 New Chester Road
New Ferry, Wirral, Nerseyside L62 5AG

Telephone: 051 -645 3391

Oirdlourcd ea och, l0 off EL 746 nyb tlet d
gEy O.Eo -ch. PEP E2 Ich. 1,10 uiE l,. Onr
l0 by lramffiE.
TOXI'{ TOISE FILTER VG2IsFU 2sOVAC I5A
5O/6OHZ W-rth firiE b.rcI6t New EI -chVUMEIEn ScM0-5,.ir.ll r 7/8",&-ch
l0 orl fa.

50ohmo2W.n.

, loD ![ m6.
Muli Cole. RIBBOI{ CAELE l0 Ey, S pt'
ffi, l0 mff- ta. 14 W 719 F |ffi.. l0
ffifl,'l(DMr-t0
ILLUMINATED hOCKEn SwlTCll. 2 Flo 25OV 8
Amp, d.rEc, 50p rch- l0 oal fil
JOYSTICf, SWITCH 4 dir6rim, Ct -ch PCP
t2.
FCEJ(EYSOARO PAD. l9 pufr co@, O-9; A.F
du 3 @tirul. el,E0 rch. lO ofl fl2.
XEYSOAnD R..d SwiictB, Fltr
lo m*c, 0-9: 3 ^ 2l , 2,,h0h, tarch. l0 ofl
EPROM 2716 Sing{o rail, tl 50 dch. 2564 E3
8P€CTnAL FEUAI{CETEt rURt FOT. l0O ohm

ch 10 ofl 0!.
R. Twir G.ne, 20OX G

PAt{EL tttOUXTrrO FUSE HOLDER fs I 1" tuc,
& och. l0 ot .l.Eo,
lElltilo LEE CHASa|S mou]fnxc n EE
HO(DEn d I l ' tue. lb -ch. 10 ott El
l+.C. MAIIIS LEAD. 2 dE H€(h. h.!w dury,
S rch. lO ot 46.
a CORC CUIIY wlRE 6n6rdiry to 2 mrE, 2Opeh-10oflnn
m|CROPHONE/EAnP|ECC tt{6En?S orlrd

l
-

and l-l o

TON, Functions include 1O number
dialing; inletnat Mic-

er and separate handset
direct 1o Brilish Telecom

System BRAND NEW ONLY 825 .s.

VAT.r 1696
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TLy the new prototyping method of building and
testing circuits with the British-made Verobloc kit.
It consists of:

l. Verobloc. 2. A pad of design sheets for planning
the circuits. 3. A component mounting panel for the
larger components, i.e. switches, etc.

You can expand the circuit area by simply
interlocking two or more Veroblocs and, of course,
with normal usage, they can be used time and time
again without damaging contacts or component 1eads.
The glass nylon material is r,irtualll'unbreakable and
able to withstand temperatures from -60oC to -l-l20oC.

So take advantage of our special price of d5 per kit
(including VAT) by completing the coupon belo*; or
telephone (04215) 62829 (24 hours';. This ofTer closes
December 31st, 1983.

OUR NEW CATALOGUE CONTAINING

OVER 150 NEW PRODUCTS IS

AVA!LABLE FROM MID OCTOBER.

BICC Vero Electronics Limited,
Retail Dept., Industrial Estate,
Chandlers Ford, Hampshire,
SO) 3ZR

---E---EIE-I * ish to purchase 

- 

Verobloc kit/s

BrGC lVero

1 ar {5 per kit inclusire of \.\l'for a toral olf 
-! i enclose m1' cheque/postal order or Debit m-v 

- 

-

I ):T:. I
I 

-- 

l'o"rcoo. 

- 

I
IT-TI-----III
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THE 1984
GREENWELD
CAIALOGUE

Nov/ rn the course of prcc!ci a.
the 198,1 GREENWELD cataiccue
w'l be prbl s*ed n t"jo\ e^.tbe' :: s
Bigger, Brighter, Better more
components than ever betore
With each copy there s discount
vouchers, Bargain List, Whole-
sale Discount List Bulk Buyers
List, Order Form and Reply Paid
Envelope Allforlust C1 O0l Order
now for early delivery!

MOTORIZED GEARBOX
These untts are used in a computer-
rzed tank and offerthe exper menteT tn
robotics the opportunity to buy the
e ectro-mechanical parts requrred n
burlding remote controlled vehic es
The un t has 2 x 3V motors linked by a
magnetic clutch thus enab ing turn ng
of the veh cle and a gearbox contained
withrn the b ack ABS hous ng reduc ng
the final dnve speed to approx 50rpm
Data s supplred w th the unlt showrng
vaflous options on dr v nE the motors
etc Suitable u,hee s a so available

Motorized gearbox or ce e5.95
3 D a plast c ,lrth b ack tyre, drilled to
push-f t on sDrnd e 2 ior €1.3O
(l m ted qty,
3 d aa unr rru,n drsc3mnrthick dnl ed
to push-i t of sp nd e 2 for 68p

1 OW AMP PANEL
Neat board 1 15 x 62 mm with
Class B output Uses 2 x2N5293,
2 x BFYSO, BFX29 Supplycan be
ether 36V or 18-0-18V lnput
sensitivity lV for 1OW output
Smali H/S on board: €2.95. Suit-
able transformer, bridge rect,
smoothing and o/p capacitor:
e5.5O. Supplied with circuit/
connexion data

NICAD CHARGER
Versatile u nit f o r charg ing AA, C, D
and PP3 batteries Charge/test
switch, LED indicators at each of
the 5 charging points N4ains
powered 210 x 100 x 50 mm
€7.95
STABILIZED PSU PANEL

Al 99 A versatile stabilized power
supply with both voltage (O-30V)
and current (20mA-2A) f ully vari-
able Many uses inc bench PSU,
Nicad charger, gen purpose test-
ing Panel ready built, tested and
calibrated E7.75. Suitable
transformer and pots €6.OO. Full
data supplied

TTL PANELS
Panels with assorted TTL inc LS
types Big variety 2O chips €1 .OO;
100 chips €4.OO; 1OO0 chips
€30.oo

RIBBON CABLE
Special purchase of multi-
coloured 1 4 way ribbon cable
-4Oplmetre; 50m €18:
100m €32.OO; 250m
€65.OO

ALL PRICES INCLUDE VAT .]!S

PUSH BUTTON BANKS
W47OO An assortment of atchrng aId
iaecendenl sw tches on banks iroDt 2
:: .,a) CPCO to 6PCO A total of at
:-:s: trO su tches for e2 95: IOO
e6 50: :a0 E1 4 OO: 1 000 e45 OO

,THE SENSIBLE 64"

TELESCOPE AERIALS
=s -sa: _ S _:: . nr caovlston g sec
i t- -,::,4-:-^- C.,! 95p

FERRIC CHLORIDE
Ner s... a: :'-:-- ed 500trr9
bags J; l.a-- :: a:: . i ssc',ed I
500nr 3"i::' :- e1 15
Asoabras,E aa :_ _:: a :a" 95p

2N305s SCOOPI
Made in Texas '- ::i.- .: ::s 60p
each; 10 f or g4: :5,.- €9: - :,-,-- E34:
250 for 975; 1Ooul rc. E265

MICROPROCESSOR PANELS
Z9O3 Panel 240 x 165 v,;. aa-:,,F
682'PIA nB50ACrA a.: :' ' 

-
I SO0. LS36/ r 1 55r . - ., , .. ::
p usR s C s plugs,socketselc . s. : :',
sub-m n relay e5.95
Z9O4 oa-el 1d0 \ l bA n. ... :

4099, 723 all rn sockels 1 '1 x BA 201\.
trlacs 45 snrall signai trais Str,s '.,1

R,/C networks 30 x T N4001 suLr rn r
relay Fs Cs etc E4 95

H EATSI N K
Z9O5 FInned black a ly heats nk l:5 \
198 x 23 mrn with 4 x 2N3055 ano 1 \
0R25 5W Fl's Only e2.5O

VEROBLOC €1 off
Our blggest sell ng breadboard o r oiter
at a specral pflce oi €4 1 O

NUTSCREWS WASHERS & BOLTS
Over 2 million in siock, metflc BA se i
tappers etc SAE for llsi -

COMPUTER GAMES
Z9O1 Can you follow tfre fLash n!l lghi/
pu satrng lone sequence of th s fario!s
game?Suppl edasa lu ywork ngPCBw th
speaker (no case) p us Ful .str!ctLons
Onye495
Z9O2Probab ythemostpopu aTeleclrcn c
game on the market based on lhe o d
fash oned penc I and paper battlesh p
game thrs computenzed !ersron has
brought rt bang up to date' We supp y a
ready burlt PCB conlarnifg 76477 sound
effect chrp TMS1000 mcTopTocessor
ch p R s C s etc Offered for rts conrpone rl
va !e on y Lboard may be carcked or
chpped) isony€1 95 nstructronsand
c rcu I 3Op

GiFIEEI\IVVELtrI
4434 Millbrook Road Sc-:-a-::-^- S
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Please send your brochure without any obligation tc
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ETll121841

OF TELEPHONE US

0734 51 5t 5 0R
TE LEX 22758
(24 HB SERVICE)
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54 ::.
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MODULAR
PREAMPLI FI ER

If walls had ears. . . they'd certainly appreciate ETI's audio
building blocks. Barry Porter surueys the ground and comes up
with a few plans.

PH S T 9Jii "r':,:?,T,"" I 3 fl35 i;I perform the same basic func-
tion - to sele
signal source
am plif ier at a
ted to give th
put.

It is evident that no pre-am plif ie r
on the market satisifies evervones
requirements. Some people must
have tone controls while others will
not entertain them at any price.
Some want moving coil cartridge
inputs, others do nct . . . What is
really required is a pre-amplif ierthat
can be constructed to suit indivi-
dual needs - a sort of audio Lego
kit!

After much deliberation it was
decided to design just such a unit,
using a mother board system with
the active circuitry on individual
plug-in boards. This makes it poss-
ible to build a pre-amplifier to vir-
tually any configuration by just
changing the mother board, x'hich
consists primarily of busses and
interconnections betrveen the
boards carrying the signal circuits.

To mal<e tl-ris system as flexibile
as possible, the individual building
blocl<s have been broken dolvn into
the followirrg categories:-
1. Disc amplifier (Moving coil or

magnet)
l. Unbalanced output stage (With

provision for active balance
control)

3, Balanced output stage
-1. Tone Controls
:. Headphone Amplif ier
5. Muting Relay Control-. Poiver Supply
ETI DECEMBER 1 983

The first pre-amplifier to be des-
cribed will use units I ,2,6and7 ,saa
description of these circuits will
be given first, follorved by details of
how to link them together to make a
pre-amplifier that r,vill out-perform
many manufactured units that cost
the proverbial arm and a leg.

It rvill be noticed that all signal
circuitry is based on the use of
operational amplifiers, and as this
may raise a few eybrows, a short ser-
mon in defence of this practice is
called for. ln the eary days of
integrated circuits, there was created
a device l<nown as the 741. Although
this humble chip performed well at
low frequencies, its limitations at
the upper end of the audio spec-
trum rightfully gained ita reputation
for sonic nastiness. Fortunately, pro-
gress and evolution have been quite
active, and about f ive years ago a far
superior device emerged. Called
the 5534, this quickly became the
standard lC of the professional
audio industry, rvhich consumed
ihem in qreat quantlties.5o it is safe

recc.rrd ing
a number

T?:,#;?,.iI
tracked original- so no excuses are
offered for using a few more in the
reproduction chain.

Perhaps comment should be
passed on one or two ot
tices. Following a recent d
with Martin Colloms, th
carried out some tests which

stage and feedback shunting elec-
tolytics should be of non-po[arized

VO\ ITOR

SOURCE

r,;r-sq:E-J

AUX 2

TAPE

RECOFD

),uo,u, t
55

Fig. 1 Block diagrarn of the basic preamplifier.



construction and should be Para-
lleled with a smaller value polycar-
bonate, which helps to flatten the
high frequency impedance curve.'With ihat little [ecture out of the

trol stage and muting circuit. A
switch harl<ed 'Direct' maY be
used to bypass the balance stag,e, so
that if a sou rce with sufficient output

of level control is 1 0kohms, as this is

NOTE
rc'l rs L[4394
tc2 ts 5534
tc3 rs 5534
'81,C1 SEE TEXT
-R9,11,12 13,14 SEE TEXI
AND TABLE 1

due consideration to this.
Nowto the individual circuits that

are [o be used, startingwith the most
critical which, of cou.-rse, is also the
most difficult to design and engineer.

eoualisatior to the RIAA stan-
dard, thi: bei 'q def ined by three
ti me constants: 3180 ps and 75 ps
(correspondine to 50.05 Hz, 500.5
Hz and 2 1T kl'z).

The a'rc u'r'. oi amplification will
depenc uco" ihe output voltage of
the ,. a:"-: i <r 'r LSP, moving- coil
t\ pe: :\ D a, \ requirinq some 20-
lr o3'-tC-r- r;.,r than mOVlnB ma8-
n€t: -ic .''. e :onte idea of the
nt:.''::',.r:. c,':;e':'cblenl . a moving
coi car:r c=e i', :n a '-or-ninal output
o:0.1 rr\ a1 I kilzreouire:amPlifi-
cation bv rlore than 9000 al 20 Az
to qi', e 200 rr\ at lne axrpiitier out-
oLri. The RIAA equali:atior cur" e

ivhich, relatir e to 1 kHz. rises to
+19.27 dB at 20 Hz and droPs to
-19.62 dB at 20 kHz, maY be
obtained in a number of waYs.
Active feedback around a single

amplification. Subjectively, thi:
method proved quite successful,
but it suffers from inferior noise per-
formance and greatly reduced high
frequency overload characteristics.

The circuit to be described maY
be termed a'hybrid', in that it has
part active and part passive net-
works. ln order to l<eep noise to a
minimum when using a moving coil

into two sets of 50 each. BY joining
the connecting leads of each set
together, all 100 transistors are
us"ed. When the circuit is operated

rmpe lil<ely.
Fi the comPlete

disci dTablel gives
the c nges necessary

tridge in use. but as a general rule
should be 100R and2)n for moving
coil cartridges and 471< and 22O Pt
for 

this circuit is

qui . The 1M394 is
set cu rrent, which
causes the inverting input of lC2 to
be at 6.3V. The non-inverting input
is theref ore biased to be at the same
voltage. Feedbacl< is applied to the

c14
22Or

c5
lop

R',l2'

c8
22Ou
16V

NP

+ R18
33Rcr6

100n

c12
22u
r6v

R8
1M0

c4
220!
25V

tL,

;

R13* R14r

caI'100n-tB6
13k7

Fig. 2 Circuit diagram of the disc prearnplifier stage'
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emitter of the 1M394 by R9, which,
together with the 100 ohm shunt
resistor R4, sets the gain of the first
stage. This may be calculated from:

A(dB) = zo tog (t+ffi)

An important consideration at
this point is signa[ overload. This is
measured byapplyinga range of f re-
quencies that have been subjected
to inverse RIAA equalisation, and
is stated as the amount that the
input level can be increased above
its nominal rating before the output
signal is clipped or severely distorted.
As the rated output of the disc
amplifier is 200 mV and clipping
occurs at about 8.0 V, the overload
margin should be:

20 tog (-!) = 32dB

at al I f req uencies. As no equal isation
takes p lace i n th e fi rst stage, care has
to be taken to ensure that high fre-
quency overload does not occur -remember that the 20 kHz input
level rvill be at +19.62 dB - which
means that the rated input level
multiplied by the first stage gain
must nor exceed (19.62+32.O) :
51.62 dB belorv 8.0 V, orabout21.0
m\i. { quick calculation based on
the gain settings given in Table 1

shou s this to be the case, and conse-
quentlr a fuil 32.0 dB overload
margin rr lii be maintained through-
out the audio 5p66rr..

Foi,orr in: the lnput stage, a

+\+\=y+
o16l

+ts
l
o

passrve 75ps
time co .8ps)
andan kcir-
cuit of lC3 gives the 31BOps and
318ps breakpoints. The 36n capa-
citor, C1 1, with R]5+R'16 fix the
first point (36nx(a+.sk+43.83k) :

Hz and 20 tance
may affect h fre-
quency resp otype

PARTS LIST

Disc Amplifier (one channel only)

Resistors tall l oo metal glaze or
metal film)
R1 see text
R2 1k32
R3 7k15
R4,7 100R
R5 5K5
R6 13k7
R8 1MO
R9 see text
R10 3k4
R11, '12, 13,14 see text
R1s 84k5
R1 6 3k83
R17 47k
R18,19 33R

Capacitors

I

F>lo

=

C1

c2

c3,9,13

c4,14,15

C5

c6,10

c7

C8

c1 1

c12

ct6, 17

Semiconductors
tc1
tc2,3
Miscellaneous
sK1
SK2
PCB:

470u 6V3 radial
electrolytic

1 00n 250v
polycarbonate

220u 25V radial
electrolytic

lDpf 16OY 21/zoh

polystyrene
22pl 16OY 21/zolo

polystyrene
22n 63Y 1o/,.

polystyrene
220u 1 6V

non-polarised
electrolytic

36n 63V 1%
polystyrene

22u 16Y
non-polarised
electrolytic

1 00n 1 00V
polyester

1M394
N E55 34

6 way PCB socket
I way PCB socket

Fig 3 Component overlay of the disc amplifier PCB.
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1 st Stage
Gain

41.0 dB
3s.0 dB
31.48 dB
27.O dB
20.0 dB

15.48 dB
12.0 dB
7.96 dB

8k87 412R
Bk87 412R
8k87 41 2 R

8k87 412R
Bk05 806R
8k06 806R
8k06 806R
8k06 806R

R9

11k0
5k6
3k65
2k1 5

887 R

s62 R

301 R

150 R

Rl 1

536R
536 R

536 R

535 R

909 R

909 R

909 R

909R

R12

21 R5
21 R5
21 R5
21 R5
82 R5
82 Rs
82R5
82 R5

R1.lR13

Table 1 Component values for the disc amplifier stage.

f (Hz)
0
5

10
20k
30
40
50

dB
+19.911
+19.868
+19.7 43
+19.27 4
+ 18.593
+17.792
+15.945

f (Hz)
100
200
500
1k
2k
3k
5k

dB
+13.088
+8.219
+2.648
0 (Ref)

- 2.s 89
4.7 40

- 8.21 0

l(Hzl
10k
15k
20k
30k
50k

1 00k

dB

-13.734
-17.157
-19.620
-23.117

27.541
-33.55 6

Table 2 RIAA equalisation characteristics of the disc amplifier.



was still accurate to within 0.5 dB at
100 kHz, which should not cause
undue concern. There is no par-
ticular merit in having equalisation
this precise, but as 

-the 
networl<

deviation, at any frequency, to an
accuracy of 8 decimal places!)

tput Stage
rn corporates

an trol, is placed
im e main level
control. The same circuit is used,

nce facility, as a
utput buff er. As
4, it has been

a limited amount
of imbalance between channels - a
maximum of 10 dB - rvith sufficient
gain to raise the 200 mV input sig-
nals [o the 1.0 V rated output of the
pre-amplifier. The balance control

imbalance between channels at
different positions of the control,
and it will be seen that the calibra-
tions are typically accurate to
within 0.5d8.

by the capacitor, and it avoids the
danger of any DC voltage appear-
ing on the control potentiometer
which would introduce noise when-
ever the control
have recently
tions that all p
such as switch
potentiometers should be provided
with a DC bias voltage, as this helps
to provide clean contacts for im-
proved signal transmission. The
theory behind this may be well
founded, but long experience with
recording studio mixing consoles,
where it is quite common for DC to
appear in all sorts of unwanted
places, has shown that the working
life of components subjected to thia
treatment is drastically reduced, so
they need replacing much earlier
than similar ones that have re-
mained free of DC voltages.

The same stage is also used as a
buffer, with points A

ogether and changed
R6 and C2. R4 should

58

c]8 J-
100n Ts

c15 I22s'!
zsv l+

")"
Fig. 4 Circuit diagram of the unbalanced output stage.

qrJLPq.J\-.J

F > < F6
l d f^
L d=

=\e o

ts++-P-qrJI > ) ) \ ro

=iiF= 5<

fig. 5 Component overlay of the unbalanced output stage pCB. Note that this
board is for stereo operation and therefore carries two complete output
stages.

Control Calibration
2

4
5
8

10

lmbalance
1.81 dB
3.67 dB
5.61 dB
7.69 dB

10.01 db

Table 3 Characteristics of the balance control

Record Output Level
499.5 mV
1.0 v
1.2 V (0 VU)

Gain
7.95 dB

13.99 dB
1s.72 dB

R6
1 kso
4kO2
5k11

R4
1k
1k
1k

c2
1 00u
1 00u
.100u

Table 4 Component values for the tape output buffer.

;I;
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,)

I
I
i
i,
I
b

become 1l< ohm, C2 should be
changed to 100trr 1 6V non-polar-
ized and R6 chosen to give the
required output level according to
Table 4.

The importance of buffering the
tape recorder output, as shown in

Figure 1 , must be stressed. Without
the buffer stage, the recorder input
lvould be connected directly to the
main signal path of the pre-ampli-
fier. There is nothing wrong with
that, provided the recorder is
su'itched on, but some recorder
input circuitry can appear very non-
linear r,vhen it is not powered, and
this could introduce high levels of
distortion into the pre-amplifier.
The buffer stage also presents the
opportunity to introduce gain into
the record chain, and avoids the
dan ge r of a recorde r with a low i n p ut
impedance loading the output of
any other piece of equipmentthat is
connected to the pre-amplif ier.

The output levels given in Table
4 should be suitable for most appli-
cations, but any other gain setting
can be used, calculating R6 from:

R6: 1000(c-1).

Muting Relay Control
Although not absolutely essen-

tial, this simple circuitwill morethan
payfor itself the firsttime you switch
your equipment on in the wrong
sequence and it saves your speal<ers,
eardrums or central nervous system
from instant destruction. The circuit
(Fig. 7) controls a relay which, in its
relaxed state, shorts the main signal
outputs to earth via R4 and R5. This
means that the signal does not nor-
mally pass through the relay con-
tacts, and is therefore unaffected by
their presence. When power is
applied to the pre-amplifier, the
relay remains relaxed until the
voltage on the base of Q1 has risen
to 0.6V rvhen Q1 and Q2 turn on,
open ing the relav contacts that are
shortingthe siqnalto earth. The 560
ohnr resistors are in series rr ith the
output siqnai io prc\ ent ihe output
ampiifier siages fr.om being or er-
stressed br the shoft circuit condi-
tion. \ote thai pou er to the relay is

TO OV
(SEE TEXI

supplied from both rails, so that if
one rail is not present, the output
rvill remain m uted. This eliminates a
situation where, if the negative rail
has failed, a 5534 rvill sometimes
oscillate at a f req uency approaching
that of H eath row Air Traf f ic Control,
causing havoc to tweeter voice
coils, bats and Boeing 747s.

The 6.8 V zener diode ZDl will
normally be connected to earth at a
convenient point but, if headphone
amplifiers are to be f itted, it may be
earthed via the break contacts on
the phones jack socl<et. lnsertion of

e-energise the
in outputs are
y power to the
rs so that theprogr h

theh o
used g
foru d
other ancillaries.

Power Supply
This is based on

types 781 5 and 7915
ly, these should be m
the pre-amplifier with the transfor-

pre-amplif ier case, it is essentialthat
atoroidal mains transformer is used,
as the problems of screening will be
considerably reduced.

Although the power supply
appears simple, one or two tips may
be in order. The 0.1pf capacitors,
C-1,5,8 and 9, should be mounted as
close to the regulators as possible,
and care should be taken to estab-
lish a single earth path from the
transformer centre tap to the OV
output. Contact suppressors shou ld
be connected across the mains
switch as shown. The power 'On'

BALANCE CONTBOL
CALIBRATION

Fig. 6 Balance control connections
and calibration.

Unbalanced Output Stage

Resistors (all 10,'o metal glaze or

B

LEFT CHANNEL

BALANCE CONTROL
1K LINEAR,
DUAL GANGED

B

RIGHT CHANNEL

1M0
1k0
330k
.191 

R

270R
47k
33R

330n 250V
polycarbonate

47Ou 6Y3
non-po!ari sed
electrolytic

100n 250V
polycarbonate

22pt 160Y 21izok

polystyrene
lDpl 160Y 2!2"/,

polystyrene
22u 16Y

non-polarised
electrolytic

220u 25V radial
electrolytic

1 00n 1 00V
polyester

N Ess34

10 way PCB sockets

rmetal film)
R1,5,8,12
R2,9
R3,10
R4,11
R6,13
R7,14
Rl5,16
Capacitors
c1, I

c2,9

c3,7,10,14

c4,11

cs,12

c6,13

c15,16

C17,18

Semiconductors
!c1,2
Miscellaneous
SK1,2
PCB:

LE FT
CHANNEL

NOTE:
01 ts 8c184
02 ts 2N3053
DI,2 ARE 1 N4148
ZDl IS 6V8 ZENER
BLAl IS RS TYPE BELAY
348-61 1 24V 4PCO

)

vUTING RELAY CONTROL

ETI DECEMBER 1983

Fig. 7 Circuit diagram of the muting relay control.
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LED is connected between both
stabilized rails so that it acts as an

inl<s, or
s using
pplied

Construction
The individual 'building block'

circuit boards should be fitfed with
interconnecting sockets which
mate with matching plugs on the
mother board. The contatts of the
recommended connectors are on a
0.1" pitch so that if necessary, Vero
board can be used for the mother
board, an the plug-in
boards as not want to
go to rh f obtaining
proper pr oards.

Suitable cabinets are available
from such suppliers as West Hvde

position type, should
as a 4 pole variety so
tact can be doubled

operation. The potentiometers
should be good quality carbon or
cermet types rvith multi-contact
wipers. lf thev can be obtained, the
special audio controls fronr the
larger Japanese suppliers, such as
Alps, are of ve rv h igh q uality, an d are
not expensi.,'e. lt has already been
su ggested thatthe best value forthe
ler el potentiometer is 10k ohms,
although if this is likel.v to cause
loading problenrs, 25k is accept-
able. lt is u,orth remenrbering that
the Japanese D lar,r, is preferable to

the usual logarithmic law, as it gives
a much smoother control of the out-
put. To avoid the image shiftine with
different settings of the levei-con-
trol, the two sections should be
matched to within 1 d B over most of
their travel. The balance control
should not suffer from this short-

tacts that are suitable for low level

from the chassis. This can prove dif-
ficult if the rear panel is thicker than
about 1 .0 mm, as most available soc-

have sufficient length of
ush to pass through a
as well as the insulating

PARTS LI ST

Power Supply and Muting Circuil

Re si stors
R1

R2
R3
R4, 5

R6,7

Capacitors
C1

c2,3

c4, 5,8,9

c6,7

Semiconductors
rc1
tc2
Q1
Q2
D1,2
ZD1

Miscellaneous
s K1,3
sK2

680R s%
100k 5%
390R1W57"
560R-l% metal glaze

or metal film
1k2 5"/,

100u 25v radial
electrolytic

220u 35V radial
electrolytic

100n 100V
polyester

220u 25V radial
electrolytic

7815
7815
BCl B4
2 N3053
1 N41 48
6V8 400 mW zener

Fig B. Circuit diagram of the power supply.

m\v
U
o.-{+
E}
€F
@r

Fig. 9 Component overlay of the power supply and muting relay control pCB.

60

10 way PCB sockets
6 way PCB sockets

PCB: heatsinks and nuts, bolts, etc to
suite (see text);12V 185R 4 pole
changeover realy, continental series.

NOTE
tc1 ts 7815
lc2 ts 7915

ETI DECEMBER 1 983



washers. One solution is to mount
the connectors onto a piece of
fibreglass ci rcuit broard material and
drill clearance holes in the panel.

The internal construction is
quite straightforward. Vertical
guides should be rnounted on the
mother board to locate and su pport
the individual circuit board, and
care should be taken to ensure that
the signal earth is not connected to
the chassis at any point - for exam-
ple, chassis mounted po\ver supply
capacitors should be checked to
make certain that their cans are not
earthed by their mounting clips.

lndividual screened wires should
be used to connect the rear panel
sockets to the mother board, with
twisted lenghts of 16/02 stranded
wire carrying the DC supplies. lf a
separate power supply unit is used,
a7 pin DIN socl<et should be em-
ployed to connect this to the pre-
amplifier, but be sure to use the
heavy, cast type, as the common
lightweight ones can easily be
plugged together upside-down,
with obvious consequences.

A major problem with home con-

ALL SOCKETS AFE
ISOLATED FBOM

THE CHASSIS

OISC TUNER AUX 1 AUX 2 TAPE

Fig. 10 Suggested circuit to feed the regulated power supply.

O U TPUT

cHASStS
EARTH

INPUT
SELECTOR MONITOB

Fig. 11 A possible earthing arrangement.
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structed equipment is usuallr
caused by'the earthinq techniques
em p loved. There is no secret path to
success - just use the same method
that manufacturers use - its called
trial and errorl There are one or t\vo
rules to
earth fol
ingthe si
plv eart
r'vorking, the best range-
ment is usually fo Figure
'l 1 shows, in very s rm, an
earthing arrangement that was suc-
cessful in the prototype. The most
diff icult job was to prevent the unit
from being extremely sensitive to
external hum fields, such as those
generated by the mains transformer
in a typical power Even-
tually a cure was fo eaking
the rule that the s h con-
nects to the chassis at the input of
the most sensitive circuit. For instan-
ce, the most satisfactory arrang,e-
ment was to con nect the earth at the
output of the disc amplif ier stage to
chassis. This eliminated alltraces of
hum pick-up, but turned the pre-
amplifier into a very good radio

NOTE
BRl IS 1OOV 24 BBIDGE RECTIFIER
F1 lS 500mA FUSE
T1 IS ILP TYPE 12014 (3OVA) TRANSFOBIVIER

receii'er. This u'as cu red by connect-
inq a 1000pf ceramic capacitor be-
n\een the shell of the disc input
sockets and the chassis (and in
doingso,losin restingCB
conversation Naughty
Nora and The lll).

Once construction is complete,
power should be applied to the
mother board rvithout the indivi-
dual iding all is
well, regulator
boar in and thebuss e that the
1 5-0-1 5 V supplies are operating
corrbctly, which means that each
rail should measure between 14.5
and 1 5.5V with respect to earth. The
muting circuit should next be tested

- correct operation ca-
ted by the relay oper t 5
seconds after power i

The remaining c rds
may now be plugged in and the
complete signal path checked. lf the
unit appears to be working correct-
ly, leave it switched on forten to fif-
teen m.inutes, then place a fingertip
on each lC in turn. None should be

-1 5 V. lf these , Pins 2, 3
and 6 shou ld al mately at
0 V, and if this i se, the lC

com pon
small va
can be p
heat is
Shou ld t

chances are that there will be olentv
of this in evidence, so the trial and
error procedure must
until it is elminated. Try
ferent parts of the
signal earth path to the
a short length of thicl<wire. Once the
position that gives minimum hum
has been found, short out the disc
input socl<ets and check that the
hum output has not increased. lf it .
has, continue with the trial and errorf

TO TNPUT slttTcH

TO DIFECT
srwtTcH
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exercise until optimum earthing has
been achieved, then install peima-
nent wiring where necessary.

Once it's working, what tan you

(0.0018%), and
noise on the moving coil inputs.
Signal to noise of the moving coil
stage was better than -Z5cIB (Aweighted, 0.5 mV input, 0.5 V out-
put). The RIAA equalisation curve
was within 0.15 dB between 20 Hz
and 20 kHz, and crosstalkwas better
than -65 dB at 20 kHz and -83 dB
at 1 kHz.

Subjectively, the unit sounds
clean and analytical. H um and noise
never intrude and dynamics are
handled with an ease that leads the
listener to believe that it will never

is all that a good
ld be, in that it is
sou rce material

quality of sound
coming from the speakers.

The second part of this article in next
month's ETI will contain detai/s of the

mother board and the three remaining
modu/es.

BUYTINES

The PCB plugs and sockets are avail-
able from both Maplin and Ambit,
although neither carries a full range so
you might have to buy from both. The
relay is available from Watford Elec-
tronics. Note that no provision has
been made for the use of a relay soc-
ket, so if you prefer to use one you wilt
have to adjust the pads on the pCB.
You could, of course, use any other
four pole relay with a coil operating
voltage of 30V or less by adiusting the
layout and the value of R3. Several dif-
ferent types of heatsink would be suit-
able or if you preier, you could make
your own quite simply. Some of the 1%
tolerance resistances are in the E24
range rrhich is widely available but
others are in the E96 range which is
not. lf all else fails, most of the values

can be produced by placing two E24
values in series, and doing so will
neither compromise the tolerance
figure nor introduce extra noise.
Maplin and Electrovalue supply non-
polarised electrolytics but in axial, not
radial, form, and again you might have to
do a little juggling to get the right values.
We are hoping to make a complete kit of
parts for this proiect available, but rvere
unable to make the arrangements in time
for details to appear in this issue. Mean-
lvhile, if any one out there can supply the
1% resistors and non-polarised capaci-
tors, let us knolv and lve,ll give you a

Note that the FCBs for this project rvill
NOT be available through our PCB
service.

THEATRE & BAND
LIGHTI NG

12xlKLESSTHANE2OO!

The days of hiring yourelectronics are over.
You know we manufactu re a range of power
packs, desks, lanterns, stands, etc. NOW
WE ARE PLEASED TO INTRODUCE THE
APD SERIES OF MODULAR DIMMERS.
lncorporating technology that allows the
control of lnductive as well as resistive
loads, you build a system exact to your
requirements, and save a fortune in pro-
cess. So where is the sense in hiring????

Contact our sa/es f or f ree inf or:

The Sales Manager
MJL SYSTEMS LTD

45 Worfley Road
W. Croydon CRO 3EB

Surrey, U.K.
Tel: 01-689 4198

(Mon-Fri 9-5pm)

FRUSTRATED EXPORT ORDER BRAND NEW
& BOXED. EPSON FXsO PR!NTERS€35O.OO

+ VAT (carriage e12 rnt)
G ed mode pSU 5 volts 1O amp 22Oyoltin x37z,,weight 1 kilo €25 p/p €3.M vac21/q"x21/2"x3%',with builtin IEC mains
plug €3.5O p/p €1.5O.
PRESTEL monitors 6" green phosphor screen digit keyboard
printer port, cassette port, keyboard port (for full eriy keyboard)
Brand new and boxed €1 75 + VAT,
At the time o, going to press we are atte mpting to modify these u n its into a com-
puter terminal with built in modem please phone for details

DISC DRIVE BONANZA
TEAC FD-55F % Height DSD 80 track/

40 track selectable at our new low price €199 + VAT
PAPST 3" Box Fan 220 volts 50hz require

1 uf capacitor €7.95 p/p C1.00
J ust arrived f ullqwerty keyboard plus n umeric pad completelycased
(x equipment) believed to be RS232 €16.95 (callers only)
25 WAY'D'Types, plugs €1 .85, sockets Et.85 (solder tart) p&p
3Op Telephone for bulk prices.
Brand New Vero Card racks 3u 24 slot?.12 OO (callers only)
Twin 5" Cabinets with power supply !4OOO + VAT (providing a
disc drive is purchased from us, rf drives purchased elsewhere
c5o 00 + vAT)
9" Green Phosphor Monitors Brand New and Cased Composite
Video lnput 18mhz band width f 80 * VAT each (carriage cost)
Brand New 13" Colour monitor fully cased. Full warianty 54O x
236 pixel. RGB TTL lnput plus apple tnput C22O + VAT
(carriage at cost).
BNC Lead Bonanza coax lead with BNC plug at one end,2 metres
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The Complete Printed Circuit Workshop

COMPUTING AND ELECTRONICS
Projec[_development materia ls

COMPUTER ADD-ON/
INTERFACE
PROTOTYP!NG
SYSTEMTop quality glass fibre with 1 oz Cufoil

Will reproduce tracks down to 01 inch
Positive & Negative Resist Systems for high
quality PCB production Economic packs at very
competltive prices direct from the innovators & manufacturers.
Full range of complementary chemicals and process equipment available

PHOTO RESIST KI'I
Complete kit containing artwork PCB, and all necessary processComplete krt contarnrng artwork
materials Order ref HBl2 f24.50

ARTWORK LIGHT TABLES &
UV EXPOSURE UNITS
Low cost, purpose designed units
enabling high standards of design and
reproduction to be achieved.

UV EXPOSURE UNIT AND
ARTBOX titt,"t
A portable ready made unit containing two 8 watt UV tubes giving a
6" x 9" exposure area which may also be used as a light box with the UV
filter supplied Order ref UV2 f64.50
DIY UV EXPOSURE UNIT
Perfect results eveMime, Kit contains: Lamp, Holder & Shade together
with full instructions for DIY Unit which offers PCB, Precision Photo,
Label & Panel manufacture Order ref UVl f27.5O

FOTOTOOL KlT
Containing artwork, film and al I the necessary process materials requ i red
for professional quality labels and panels CAN ALSO BE USED TO
PHODUCE PRECISION PCB PHOTOMASTERS Order ref H83 f23.fi)

O PICTURE DIGITISER O + OTHER EXCITING &
OKEYPAD TNTERESTINGPROJECTS
. MODEL CONTROLLER
REALISE THE REAL WORLD POTENTIAL OF YOUR MICRO

Simple programmes are included to get you started but of course the
more experienced programmer can have hours of fun writing complex
programmes. Please state computer when ordering.

. LIGHT PEN OWEATHER STATION

f24.@
Order ref HBi2000 "EASY ADD-ONS" BOOK
+ DECODER KIT

Order ref H8/2001 "EASY ADD-ONS" BOOK ONLY f3.oo
Order ref HBl2002 DECODER KIT ONLY t22.OO
Order ref H8/2003 DECODER PCB ONLY fa.oo

CIRCUIT ARTWORK AIDS
ensive stock ranoes to suit -----?-t1:includino dru lrj-nsfers '- )V

BBC MICRO INTERFACE
to interface the acor th turtle type
supplied in kit form, trol outputs
providing a useful in te numerous
ns. Order ref HB 203

E]
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HOBBYBOARD CATALOGUE
Newly Published Full Catalogue price f1.50 (refundable with
1 st order over fl 0)

a division ol
XEtAtI ETGIXEERiHG Ltd
Hookstone Park
Harrogate, l{, Yorks

--- includlng dry transfers,
printed acetate and crepe Precision track
tapes, pads, DIL/MICROLOGIC PATTEHNS ETC
lncludes etch resistant symbols & tapes

DIRECT ETCH KIT
COPY DIRECT FROM MAGAZINE or OWN
DESIGN Simple system - Complete kit
containing PCB, Pattern Transfer & Etch
Resist Sheets, Tray & Etchant, Copper
Cleanlng Block, Gloves & f u ll instructions
Order ref HB/1 fl5.5O

PCB HARDWARE
* CASES & BOXES

* PCB MOUNTING & AIDS
* CONNECTORS & PINS

* TERMINALS
* DIL SOCKETS

il

17 exciting electronic projects to build and run your own micro.

FOTOTOOL - DAYLIGHT
PHOTOGRAP}IIC PCB
LABEL & PANEL MAKING
SYSTEM
Daylight handling - UV exposable.
Fototool provides highly professional
photographic masters - either positive or
negative - for hlgh quality PCB
reproduction - Fototool fllms exhibit
superb resolution, stability and high

complete P,C.B. workshop
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TECH TIPS
Latching Switches
Clive Pantrey,
Farnborough.
Ttris circuit allows individual,
momentar ush to make
switchest inaganged,
latching m c or low level
audio signals.

When a switch is pressed the
common reset line of all the latches
sees a momentary ground, through
Cl and its associated diode, this
resets the previous selection and
allows the selected outPut to
latch.

A number of different devices
could be connected tothe latch out-
puts to provide various t.vPes of
switches, bi-lateral stvitches are
shown on the circuit. Further stages
can be added to the bank as re-
quired, by connecting to points A
and B.

Linear to Log
Convertor
D. R. Fowness
Wolverhampton
This logarithmic utilises
the inherent anti c trans-
conductance of t or func-
tion, and works around a feedbacl<
circuit that balances the inPut
current.

The input amplifier, lCl, ensures
that the collector current of Q1 is

equal to the input current. The
reference current will be equal to
the collector current of Q2. Transis-
tors Ql and Q2 should be a
matched pair, and be mounted in
thermal contact.

The voltage at the non-inverting
input of lC2 will be:

\/ \/
" beQ2 'beQl

but
vb"qr :o+ - r.s (i)

and
Vb"ez :5a,

so that the voltage al lC2
inverting input will be:

64

+ "'(+)
where

la: input current
| : reference currentI
| : reverse saturation current
o

T : tem perature

l< : Boltzman's constant

q: charge on an electron

At room temperature, I(T/q is
approximately 0.26 mV.'[he scaling factor of amplifier lC2

REFERENCE
CU RRENT

(ie the gain) is given by (R1+R2)/Rl.
The scaling factor is equal to the
n u m ber of output volts correspond-
ing to one decade change of the
ratio. R1 is the thermistor which
should be chosen to compensate
for any change in temperature and
so maintain a constant gain.

The output voltage will be
given by

r81jRiax026ro8(+)

Note that all the logarithms are in
base e, and not base 1 0!

R1
(sEE rEXT)

"* (J:)

LOG OUTPUT

NOTE;
IC1,2 ARE 1F411
01,2 ABE TIP31A MUST BE IITATCHED
TH1 IS 52OB @ROOM TEI\4P THERMISTOR

NOTE
tc1,2 ARE 4011
Dl4 ABE IN916

TO FURTHEB SITCH
SECTIONS IF

REOUI RED
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PIN 14
tc1,2,3
PIN 7

NOTE
tc1 ts 4016
tc2 ts 4016
tc3 ts 4011
01,2 ARE ANY MEDIUM GAIN
SMALL SIGNAL NPN TRANSISOR
e g gC'109 dc

c1
0.1u

12V RELAY
(NORMALLY

OPEN
CONTACTSI

BI.METALLIC
GUAGE

TEMPERATURE
SENSOR

switches f itted to the cars are fitted
in a threaded hole in the side of the
radiator which means that most
scrap yards are unwillingto separate
the two. For this reason I have
designed a circuit to switch on the
fan using the existing temperature
sensor for the temperature guage.

The voltage regulator on the car
usually works by interupting the
supply so as to provide an average
levelof about 10V. Because of this, a
fair bit of smoothing is required in
order fan switching on
and of gulator. A zenner
diode 0V supply for the
op-amp and the reference voltage.

uF, but lfind this usefulas otherwise
in winter the fan may not run for
weeks on end.

SEND RETURN SrtD q--D\

EATURE

Deluxe AB Box
Marcus Valentine,
Stafford.
This ,tudio line signal routing device
\r'as desiqned for one of those

have more controloverthem collec-
tively. lt has two modes: single and
dual.

ln the single mode, depression
of the footswitch noislessly re-
routes the signal path from going
through chain A, to chain B, a chain
being either a straight jacl< to jack
lead, an eff ect, or a series of
effects.

ln the dual mode, the signal is re-
routed through chain A followed by
chain B, and on depression of the
footswitch (here's the clever bit) is
re-routed to chain B followed by
chain A.

The two LEDs indicate the chain
selected in the single mode, and in
the dual mode the first chain.

The flip-f lop builtaround N 1 and
N2 ensures thatthe bilateral switches
used change state cleanly and
quickly, and more importantly, at
the same time.

Current consumption, which is
set mainly by the LEDs, is low
enough to allow a PP3 to be used as
power. The LEDs were considered
essential for ease of use.

The device can be conveniently
constructed in an aluminium box
measuring 10x10x4 cm, with the
input socl<et arranged so that the
input plug connects the negative
supply.

By usingvarious combinations of
sockets,the device can be utilised in
many more audio signal rerouting
applications, eg, by usingtheA and B
return stockets and output only,
(with a dummy plug inserted into
the input socket to provide power)
the box can be used as a single
selector.

NOTE
tc1 ts 741
01 ts 2N3053
ZD1 IS lOV ZENER
D1,2 ARE 1N4M1

Car Fan Control
J. N. Swanson,
Sheffield.
lf, lit.e me, you own an old carwith a
conventional fan, driven from the
engine, a worthwhile improvement
can be obtained byfittingan electric
fan in its place. These can readily be
bought for about f5 from a scrap
yard. The advantages gained are
better fuel consumption and lower
engine noise particularly at high
rEVS.

A problem arises in f inding a suit-
able switch to operate the fan atthe
required temperature. Most of the
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UFFIEB LAYER
CERAMIC DISC

22O\F,25Y 15p

POTYSTYRENE
160V

5% OF SETTEN
1opE i5pE,
22pF,27pF,
33pF,39pF

lOopE 1sOpF
180pE 22OpF,
27OpF,33OpF,
39OpE lop

2 2nF 3 3.F l3p

SILVENEO MICA

PLEASE PHONE

POTYESTEN
c2ao

TYPE IRAD AT)
250V

22nF 33.F

IOO.F 7p
150nF.2o0.F

1op
330nF,47onF

l3p
68OnF l8p
1 pF 22p
I 5!F 39p
2 2yF 39p

SIEMENS
POLY C

5% 250V 7 5MM
1.F ln5 2.2
3n3 4n7,6n87p
8n2 1On l2n
15.,18o 22n
27n, 33n 39.

56n, 68i 82n,
roon l50n lOp

SIEMENS
POLY-C

5% t00v 7 sMM
lOOn, l2on
lson 1lp
1AOn,22On

250VAC

SUPPRESSORS
rOnF 2Bp
l5nF Z2nF 35p

22AnF 55p

1000vDc
PTASTIC

26p
29p
31p

45P
79p

1.25

BEAOS
.1,35V 14p
22t35V 14p
l3r35v l4p
17 35V l4p
18,35V l4p
0/35V 14p
.216V 14p
.2 35V 14p
3 35V 18p
.7{6V 18p
.7 35V zop
.4t25 2Op
.8r35V 21p
Crl6V 1Ap
0/35V 27p
5rr6v 22p
5t25\ 32p
2/6 3V 269
2t161 29p
I lOV 3Op
7,6 3V 30p

CAPACITORS
IN STOCK:

PLS PHONE

ffi
606V909V
12 a12V
15 C 15 95p

06 06v 295
0 12 0 -2v

295
o15,0rav
020, c20v

295

r7rr,{:ftf,'rrtE
PBICES PEB

METFE

SPEAKER

l6D

18p

31p

56p

SCBEENED

:t ]1p

'2C.. 80p

50!EG58A 25p
75C UHF 29o
,a! vHF 28p

RISBON

8 way 25p
l0 wat 25p
16 way 39p
20 way 48p
24wal 6Zp
l0 way 75p
32 way 82p
40 way a8p

ffiI

30vA
6'6,9-9V

495

50va
0i2.0r2v

525

375 r 17 38!
419 / 17 49i
VO Board 1 9;
DpBoa.d 39(

D CONNECTOFS

9 wav 80p
15wav 1 03
25way 1 60
37 way 2 50

9 way 99p
15 way 1 75
25way Z05
37 way 3 30

A.gl.d PCB
2awMate 245

385

4 75

735
F7r5!8\4

7 75

VESOBOXES

Vr 3:2il 55p
V2 120:80 \

l5mm 90p
v3t80 ilo.5s I 5A 17p 10

2A 17p 10

5A 10
6A 10
r0A 1015A 10
204 10

1 PtUG
FUSES

2.rp 59
9.-c 5s

t an9 59t
'3 a-o 59t

FUSEHOLDEFS
2Crn 36r

. 36t

MH
l2 168r Hz 95r
i00r Hz 2-11
:00KHr 2 6!
' OoMH? 2 8S
2 aOMNz 2 24
2 C97r52MBz

34!
3 2768MHz I 4S
4 ,oMB: 1 43
4 19a394MHz

199
z a336l9MBz

99p
a 00N1az 1 50
6 CCMsr I 39
5 9375Mi23 50
€ la.Jfz 1 49
'a Ja'r:z 1 75-a aa\.-: i 79
2: a:1'-r 1 99
: a::1-r I 69:= t:r,-: I 69

-fi-'=.rrr

525

1S(aie lronl 2 05
C240 Bils

No 50 lsma l)
85p

No 5r (Med.)8sp
No 52 iLse ) 85p

SOLDER 1259ms
lSswg 2.95
22swg 3 10

IM

2N918 33p
2N929 36p
2N929A 45p
2N930 zop
2NS30A 30p
2Nll31 24p
2Nll32 25p
2N1302 45p
2Nl3O3 65p
2Nl3O4 6Op
2N1306 65p
2N1308 65p
2Nr7l1 35p
2Nr889 50p
2Nr890 50p
2N1893 49p
2N2060 7_14

2N2219 27p
2N2219A 28p
2N2224 22p

2N2223A 4.15

2N2411 3.60
2N2483 25p
2N2444 26p
2N2646 45p
2N2647 98p
2N2714 12F
2N2848 60p
2N2890 1.10
2N2€9r 2.2A
2N2492 3 00
2N29O4A 27p
2N2905 28p

2N2907 25p
2N29O7A 26p
2N2920 g 25
2N2923 25p
2N2921 15p
2N2925 15p
2N2926 1Op
2N30lO 75p
2N30lr 650
2N30r9 50p
2N3053 21p
2N3O54 56p
2N3055 6Op
2N3055RCA 95p
2N3055ts 1 20
2N3107 46p
2N3109 4Ap
2N3232 1.50
2N3250 36p
2N3251 36p
2N3439 gap
2N3440 80p
2N3441 1_25
2N3442 1.35
2N3444 1.70
2N3445 4 80
2N3446 6 09
2N3447 S 72
2N3448 6.56
2N35r2 1.06
2N3553 2.65
2N3563 2Op
2N1564 2So
2N3565 2Op
2N3566 5Oo
2NJ567 55p
2N3568 50p
2N3569 5Op
2N3570 6 95
2N357r 5 73
2N3572 4.95
2N3584 216
2N3585 2.99
2N3632 9.88
2N363a 55p
2N36JEA 70o
2N3639 65p
2Nl64l 69p
?N1642 50p
2N3643 30p
2N3644 56p
2N3645 66p
2N3646 2Bp
2N3662 15p
2N3663 16D
2Nl7O2 10p
2N170: t0!
2Nl 704 lop
2N3705 1OD
2N3706 lop
2N37O7 10p
2N37OB 10p
2N3709 1Op
2N3710 10p
2N37ll 1Op
2N3712 200
2\3713 1 38

2N44O0 I 5p
2N44Or 27o
2N.402 3Op
2N4401 30o
2N4409 36p
2N44 i0 42p
2N44r6 1.50
2N4427 79p
2N4440 12 5A
2N48rO 80p
2N48r I 55p
2N4488 99p
2N489a 1.29
2N4901 1.69
2N4902 1.85
2N4903 1.98
2N4904 2 l5
2N4905 2.75
2N4906 2.99
2N49C7 3.20
2N4908 3 15
2N4909 2 90
2N49r0 1 95
2N49r 3 2 59
2N!914 2 69
2N491 5 2 95
2N49 I 6 4AD
2N49r 7 47p
2N4918 65p
2N491 I 75o
2N4920 asp
2N492 r 55p
2N4922 690
2N4923 99D

2N4926 i;;
2N492 7 95p
2N4928 1 59
2N4964 27p
2N4965 25o
2N4966 25e
2N4967 25o
2N4968 25o
2Nl969 3tp
2N50r0 12 7s
2N50 1 13 a5
2N5030 44F
2lJ503l 48p
2N50J6 1 60
2N5039 1 90
2N5086 36p
:N504) 39p
2N5Oae 37p
2N508q 37p
:N5 I 72 t5D
2N5 I )5 5ap
2N5l 79 39p
2N5l 80 43p
2N5r83 1 00
2N5r84 I 1o
2N5r88 I 15
2N5189 1.OO
2N5 I 90 68p
2N5l9l 70p
2N5l9l 90p
2N5194 79p
2N5195 99o

3N200 6 93
3N201 298
3N2 r r 3.35
ISNEA 89p
40J60 60p
4016 I 67D
40362 6rpd0363 2_95
40364 3.25
40372 1 80
40373 2 60
40374 2 84
40406 I 39

40408 1 59
40409 1 50
404rc 1.80
404 r r 2_a5
40! I 2 gop
404?2 2 95
404674 1 29
40sr 3 I 75
40537 S6p
40594 99p
40595 990
40600 2 5a
40601 2 36
40602 I 68
40603 I 09
40604 LAs
40608 2 44
4063 I 2 12
!06J5 1.35
40637 2 0o
40643 I 80
40673 7Op
40422 1 80
4087 r 79p
40412 79p
ACr25 49D
AC I 26 32p
AC ] 2' 32D
ACI 28 35p
AC I 32 6Ap
AC I 5l 51p
AC I 52 4ao
AC I 53 55p
AC I 53K 64D

AC I 76K 37p
AC I 87 25p
ACl87K 28p
AC I 8a 25p
ac T B8K 40p
ACY] / I 50
ACY2O 75p
ACY2r 75p
ACY22 75p
ACY28 75p

ADr36 6 7s

ADr50 2A0
AOl6l 39p
AO I 62 39p

BC I 74A
8C r 748
8Cr /5
BCr 77
BC I 774
BC r 778
BCr78
BC r 78A
BC r 788
BC]79
ec r 79A
BC r 798
BC I 7!C
8Ct82
BC I 82A
BC r S28
BC r A2L
BC I 8?LA
BC ] 82LB
BCI83
BC r 83A
BC I 838
BC r 83C
BC r 831
BC ] 83LA
BC I E3LB
ac I 83LC
BCrSr
8C I 848
BC I 84C
BC r 841
BC r 8418
EC ] 84LC
BC]86
BC]87
tsc 204
ac205
8C ?06
BC2O7
8C208
4c209
BC21 2
BC2 r 2A
BC2r 28
BC2I2L
BC2]2LA
nc2 r 2LB
BC2]]
BC2r3A
BCzl3B
EC? ] 3C
BC2 ] 3L
BC2]313
BC2 r3La
BC2r4
ac2 I 4B
BC2 r 4C
BC2 ] 4L
BC2 ] 418
BC2 r 4LC
4c237
BC237A
6C2378
BC2t 7C
8C238
BC 238A
BC2laB

z5p
26p

l5p
lop
z5p
25p

Op
2p
3p
Op
3p

2p
3p

3p
3p

2p
3p
0p
3p

9p
9p

3p

2p
3p

2p

8C54aA 139
8C5488 14p
3C548C i5p
8C549 13p
Et5498 14p
BC549C 150
8C550 l5E
BC5sCC 25p
BC5568 15p
8C557 150
BC557A 16p
AC 5578 1 6p
8C558 14p
8C5saA lsp
8C5588 16o
BC 559 1 5p
8C5598 16D
BC55qC 17D
BC 560 32D
8C 560 25F
B( 56Ot 25p
8C650 45p
BC€5i 460
BC\ 70 16p
BC\ -t l6D
Bt \ 72 19p
Bt\7/ 34o
BCY 78 22p
BCY 79 22p
BCY87 6 60
8CY88 4 90
BCY89 4 to
BDr 15 58p
8Dlr6 250
BDl2l 95p
BOi2i M .rdr

22A
EDl3l 44p
BD ]:2 44D

^BP ll! ?!p
BDll 3TD
8D I 38 37p
8D I 39 38D
BO ! 40 388
tso r42 2 40
EDr53 1 25
BDr55 1 20
BDr 57 54p
60 5a s5p
BDr60 lao
BDr8r 175
BDtS2 2 50
BDl83 270
BDraT I 09
BD20r I 30
8D202 I 39
8D201 1 44
8O220 t.o0
BO2: ) 95p
4D223 t.O0
80224 95p
8D232 1tl
BD2ll 7Op
80234 72o
BD23 I 98p
8D238 98o

EUtM!il

DIL SPST

6 wav B2t
I wly 90r

TOGGLE IMINI)
SPST 49r
SPDT 59I
DPOT 69a
DPOT C OFF 79r
4PDT 2_71

PUSH BUTTON

18p

2ap

KEY SWITCH

keys) 3 95

FOOTSWTTCH

SPDT 1 85
DPDT 2 7'

5i:
2a2.:a,.

55.

64wA*8
Srr. !h. 2 25

64wA+B
Angled 2 95

64wA,C
Slrargh( 2 95

64wA+C
A.s Ed 3 35

lDc
CONNECTOAS

10 wav Agp
rO wav 1 29
20 way 1 45
26 tra! ', 75
34sa! 1 99

50 *:.. 2.5

2a*. -93
3: nr 2 {

a,,: - :;-2a

, \,-_cs

5op

!; " lqp

DIN CHASSIS
soc(ETs

?p" 9p

5 p'n 24Oo 16p

DIN LINE
SOCKETS

2p" lop

180 0

5 pr. 15p

PHONO PLUGS
Merar zop

630mA
17p 10!

SOOmA
17p l0p

I 64 17p 10p
24 t7p 10o
3 r5A 17p 10p

54 17p 10o
6 3A l7p lop

av,v

167 0

43 1455
LA90 S. pe

10 35
La70 S. pe

CKIOOLS
c8042 'srde
:lrter !0 02
C73 4% S,de
:!rtler 9 28

lsnipol 7 52

OE-SOLDEBING

il100 Hgh

;ffi
rc601 tcD

1KV OC
750v AC

34 50

MINI TESTER

t000 oPV

terct 5 55

MICROTEST 8O

)ry lOoOv
\C/DC, 5 ADC

,M 19 00
soR 20,000
)PV l0O0v DC
oOOvAC,0 18
o lOM 32 O0

3*-=+-*a'zl
*A q,aet

at

OIL SOCKETS

I 8p 25p
14 9p 35p
16 1Op 40p
l8 16p 50p
20 zop
22 22p
24 24p 7Op
28 zgp 79p
40 

-3-oj i!!
ZEBO INSEFTION

roRcE otL
SOCK€TS

24pn 4-25
1O pin 5.25

\\ o)l:lillYdlll

I

CRADEONE
GLASS PC8

SINGLE SIOED

150p
420 i 195mm

1.95
424 t 245nn
_ 2.95

FERFIC
CHLOBIOE
PELTETS

over 1-hre 1.69

OALO ETCH
BESISI PEN

Nlbr PO

ETCH FESIST
TSANSFERS

PHOIO
SENSITIVE PCB

IOO i 160 2.10
lOO / 224 2.SO
2O3 t 111 2.4O
233 , 22A s-20

100 : 160 2.20
100 ( 200 2.80
2O3 t 114 2.9O
233 | 220 5-9o

500 m 2.95

Itrrrir
0,1'' COPPER

CIAD
24x37 83p
25:5 99p
375x37599p
375 r 5 1.14

UHF P1269
TYPES

500

BNC 50!
'uO 1 10

coax tTv)

' uS 25p

CANNON TYPE
AUOIO PLUGS

(3 PtN XrR)

/ale 1 50
235

JACK PLUGS

12p

12p

35p

tac( socKETs

. Srereo 25p

l5p

15p

15p

15p

ElS
16p
2oP
25p

&TTEFY
CONNECTORS

27p

33p

33p

TRANSISTOF
SOCKETS

TOrS (BCr09l
3op

IO5 IBFY5OI
35p

TO3 (2N3055)
40p

KEYNECTOE

El 95

IEC MAINS

6op

DOM€STIC

195

a2p

E*I

2N3824 1 70
2N3826 7ap
2N3827 7Ap
2N3854 44p
2N3855 3Op
2N3855A 40p
2N3856 45D
2N3858 31p
2N38584 37p
2N3A59A 31p
2N3860 3rp
2N3866 90p
2N38774 35o
2N39O0 25p
2N3902 3 31
2N3903 13p
2N3904 13p
2N1905 13p
2NJ906 13p
2N3924 a 30
2N3945 85p
2N3962 3Op
2N3964 1 42
2N403O 75p
2N403r 65p
2N4O32 69D
2N4036 630
2N403 7 49p
2N4058 rop
2N4O59 17p
2N4060 12p
2N4O6l lop
2N4062 1Op
2N4064 t.15
2N4069 1.00
2N441 64 1 .AO
2N422a 75p
2N4221 95p
2N4222 97p
2N4223 97p
2N4224 9Ap
2N42J4 45p
2N4236 45p
2N4237 1 21
2N423e 95p
2N4239 95p
2N4240 3 00
2N4244 t5p
2N4249 17e
2N4250 17p
2N4258 75p
2N4266 45o
2N421a 4ap
2N4284 32o
2N4285 35o
2N4288 22o
2N4289 l5p
2N4290 45p
2N4291 45p
2N4292 45p
2N4294 45p
2N4297 2_50
2N4302 39p
2N4303 40p
2N4304 41p

2N54r5 l.t0
2N54t 6 I 54
2N5441 16p
2N5448 19p
2N5a49 21o
:N5450 23p
2N5451 25D
2N5457 29D
2N5458 29g
2N5459 29o
:il:,199 1?p

2N548? 8oo
2N5484 40p
2Ns48c 29D
2N5490 | 37
2N5492 I 56
2N5494 1 37
2N5496 1.59
2N5543 12.00
2N555r 37p
2N5640 45p
2N5654 35E
2N57a6 8Op
2N58 I I 21p
2N5884 5 95
2N5886 5 95
2N6027 30p
2N6010 6 50
2N6031 6 95
2N6082 1 1 99
2N6083 I 7.95
2N6099 1.20
2N6r0t 1 30
2N6t09 1 15
2N6r r I 1.00
2N6t2r 57F
2N6122 59o
2N6 1 2J 65p
2N6124 59o
2N6125 65!
2N6r 26 75p
2N6129 79p
2N6130 93p
2N6131 98p
2N6l l2 83p
2N6133 1.14
2N6t 34 I 36
2N62r 2 3.21
2N6253 1.45
2N6254 1 55
ISC I 096 95p
2SC I i06 95p
2SCt307 1 60
2SC I 923 4Op
2SC2078 1 70
2SJ49 3.50
2St50 3 15
2SJ82 4 29
2SKr14 3 50
3SK 35 3 75
2SK226 4 29
2Nr39 3 30
lNr40 I 07
3Nt43 2 a5
lNr5: 3oo
3Nr53 247
3Nr51 256

BCr r64 37p
BCI I 7 lgp
BCr 18 lgp
BCI l9 3Sp
BCr2r 82D
EC I 23 B2D
EC I 25 37o
BC I l2 39o
BC I l4 36p
BC I 35 45p
BC I 16 45p
8C13/ 39p
8C I 38 55p
8C I 40 29p
BCr4r 37o
BCr 42 29p
BC I 4l 3Oo
BCl47 1Op
BCl47A 1OD
BCl47B 10p
AC l47C 2OD
BCl4a lOp
eCr48A 129
BCr48B l3p
BCl48C 13p
BCr49 1Op
8Cr49B 12p
BC l49C 1 30
EC r 52 35p

BC I 54 27o
BCl57 1lp
BC I 57A 12p
ECl578 13p
BCl58 10p
BC158A 12p
EC I 588 l30
BCl59 llp
8C I 59A 12e
BCt59B t3p
BCl59a 18o
BC I 60 42o
BCl61 48p
BCl6) 10p
BCr674 10p
BCl678 l3p
BCl68 10p
BCl688 l0p
BCI 68C l0p
BCI 69 lop
BCr 698 10p
ACr 69C 10p
8Cr 70 l5p
8C I 70A 17p
BC I 708 11p
BCr70C 1BD
BCrTt 129
BCrTrA t50
8Cl 7rE l5D
ac r 72 12a
BCI/2A rso
BCr728 r5p
8Cl l2C r6p
BCr13 ttp
BCr736 l6p
BCi rlc r6D
BC -i 21p

BC?6rA 34p
BC26lB 35p
BC26lC 36p
8C262 31p
AC262A 32p
BC262B 33p
BC262C 34p
8C263 3Op
8C2638 31p
Ba26lC 32p
BC 264 40p
BC264A 42p
8C266 35D
BC266A 360
8C2668 37p
BC 100 45F
BC l0l 44p
BC3O2 43p
8C303 47p
8C304 46p
8C307 13p
BC30/A t4p
BC307B l5p
8C308 12p
Ba l08a I 3D
BCJo8B 14D
8C309 l4p
BC3094 15p
4C3098 I 6p
BC309C 17p
BC3l 7 1 5p
8C3r8 15p
BC32O 25o
BC32) 25g
BCl27 l4p
BC32A 14p
BC:37 1 5p
8C338 l5p
4C341 20D
8C350 2Oa
8C382 30p
BC382L 3Oo
BC 183 30p

Bc3B4 io;
BCl84L lop

BC 408 2ap
8C409 3Op
0C4r 3 25a
BCc r 4 ZSe
BC4 5 30p
Bc4r b 30p
8a4l I 30p
8C440 32p
8Cd4 33p
ECI6C 32p
Ba46l 33o
sc{rs 29F
3CJ-9 :0p
q! i." 40p

8C5463 15p
BC54i I 3p

BC54lE t4p
Aa54a 12o

BD 537
8D538
8D539
BD 5J9C
8O540
BO540C
8D675
80676
8D677
8D678
BOTr l
BD7I2
BDX]4
BDX]8
8DX32
80x668
0Dt 678
BDY 54
BDY55
BDY 56
BOY57
BDY58
BDY62
8DY92
BF]I5
BF] I9

BFI23
gF12)
9Fr53

BF] 57
BFI 58
sFt 59
BF] 60
BF]6I
BF]03
8F166
8F167
BF]70
aFl /3

BF] 78

aFr80
EF]8]
BFiE2
BF]83
BF184
BF] 85
8Fr 94
8F195
BF]96

8Fr98
8Fr99
8F 200
BF 224J
B! 22 5J

BF24 '

!F2458

8op
BoD
8op
I 10
a5p

r.20
72p

78p
a3p
132
1.32
130
159
3.47
5.9s
5.95
I 70
t 7s
1AO
525
615
2.34
3.7 5
35p

100

fop
aop
39p
25P
5ap
2ap
58p
55p
58p
5op
57p
29p
79p
25p

25p
3op
35p
35p
36p
36p
38p
36p
37p
12p
12p
12p
12p
15p
l5p

32p
35p
38p
38F
35F
39p
3op

s2r
39p

CASES

235
R28\5\2

275
A3 9\5x2%"

315
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{r)r'l tlr llt^t/i\ ItillItl] rIlFJr
TED'AI.ADI'IilS' GAVE OT OOUN'IEBAf,D EI,ICTBOXIC EQI'IDIDM

DIST DBryES
F 30 25 mb hard
d S etc'

oo
.00

ORE 44Ar'40OoA/B 10 mb 5+5 all configurations trom
c995.o0. Call sales office tor details

r@
The UKs F|RSTfree o
rccess data base. Get i

of stock items and order via your computer
and credit'card On line now,3OO baud

e\
orisinaily made for the tamous DEc'i8;3tiI* ,,",
system costing thousands ot pounds Made to run 24
hours per day the PSU is tuny screened and will deliver a
massive +5v DC at 'l7 amps, +l 5v DC at 1 amp and -15v
DC at 5.amps Th€.com.blele.unit is rully enclosed.with .

E AtP IAITS rIITEBS
Cure those unnerving hang ups and data glitches
caused by mains interlerence Malchbox size - Up to 5
amq 24O v load As recommended by the ZX81 new&
letter. Suppression Devices SDsA C5 95.

runruYaurr auP [q rrrurrr9! rrrP swrrufl, ruwE, a[u nuil
LEOs mounted on Ali lront panel, rear cable entries, etc

or
an.

dim.
19'k. 16"d. 10.5"h.€rtrt. Carriase E insurance C9.5O. ./

I

Minlalure 24O v equlpment fan complete with
finoer ouerd. e9.95.
rtatlfl Ii -rmaR nim 3" r 3" r 2 S" comMct

DIStr DBNTES
UnbelievaHe value the DRE 71oO 8" tloppy disk

tormals giving utely SHUGART, BASF,
SIEMENS elc. user manual and tull 90

day wsrranty. .@ + Cariage and insurence ei O.OO.

Optional acc€ssories Full techn'rcal manual e2O.OO alone. el O.50 with drive. Relund
of diflerence on ddve purchasa DC and AC Ft er rcnn€ctor and cable kit C8.45. 50
way IDC coflnector e5 50 50 vray nbbon cab*e 83.20 per metre

SEailtleEactg tlclos
SAFT VR2C l.2v 'C' size nicads. 18
c€lls in ex equipment pack Good
condition .- easily split to single cells.
lr.tt + Cl.9O post and packing.

ior D€teils
of other lans Ex Stock
sl & Packing on all raN e1.q

VIDEO Uomrons
Made bylhe Co.
continuous u
G unit is total an

-attractive brushed aluminium case with ON-
OFF, BRIGHTNESS and CONTRAST
controls mount€d to one side. Much
altention was given to construction and
reliability of lhis unil with teatures such aq
internal tnnsformer isolated regulated DC.SUPEI 

OEAI? TO - SAPER STEIU!' The FABULOUS 25CPS TEC Starwriter

suppry, ail componenrs mounreo on Iwo
fibre glass PCB boards - which hinge out tor
eas€ of service, many internal controls lor
linearity etc The monitor accepts standard
75 ohm composite video signal via SO239
sockot on rear panel Bandwidth of the unit
is estimeled around 20 Mhz and will display
most high def graphics and 1 32 x 24 lines.
Unils are secondhand and may have screen
burns However where burns 6xist they ara
only apparent when monitor is switched otf.
Although
tested pr
approx 1

Supplied C
operation. 0lr8]r,@ ravt E9.t0 Call

Co

ht
AI

ndc
unit
ina

condition.
,lltfE !t.@ ttut E'.ro cttt a ttt.
14" COLOUB superb chassis monitor made

working, Dim. 14" x 13" x 13".
,]lal Errt.n )aat 89.t0 carz

'DATA UODEUS'
Joln tho commirnicatlono solution with our
rangs ot EX TELECOM deta modems, Mada to

I9**ri!g9nl9peq and desisned to operate

sPECtAt frioDEt 0FFE3
EXTELE .2 wire, European 20O b6ud datamodems. 4o.oo,we hav€a I ofguarant€ed

rur .- rr- Er uqy, vr{I- are
CCITT tone spec With RS232 i/o levels via
a 25 way'D' skt Units are sold in a tested
and wo*ing condillon wlth data Pemission
may bo roqulrsd ls connactlon to PO lin€e
tODEf, 13A compect aaynq sam€ size as
telophono base. Up to 3OO bau4 tull duplex
over 2 wlroa, but cell modo onv G75.OO
IODEI 2BlC Fullv ll*d rn t6 :m M,d

on paners erc., un
hioh6sl siandard
PTESTEL or
eta i/o via 25 way

MODEU 2A Eariy version ol modem 2BlC 300 baud full duplex, send-rec€ive,
auto answer. RS232 i/o. With dala but untested. End ot line cl€arance.
OnlyEtt 00. Supplied complele with data Carriage E lns. C9.50

aoync, ANSWEF & CALL modeq auto answer,
auio 3wltchlng id6al netwo*s etc, Just 2 wire
conn€ction io commo llne. G85.OO
f,ODEil 2Gl Compacl unit ror use with
PFESTEL or tull duplex 2 wire llnk 75 baud
transmlt - 1 2OO bsrrd rec€iva Auto answer
cl30.@
TOOEU 2O2 sme s2Ol but 75 baud
roc€lve 1 20O baud trsnsmlt Ct 3O.@

S" WIilCHESTE? price
facture/s markings, iully guirinteed,
so+tr.rt 1 00+lt rt
TTL74 igantic purchase of an
"acrosg range ol 74 TTL series
l.C.'s en ofler 1O0+ mixed
"mostly TTL" grab bags at a price which two
or three chips in the bag would nnormally
cost to buy. Fully guaranteed all l.C.'s f uli

Spec 1 00+16,10 2OO+ E, 2.rO 3OO+ 4., 9.fi .

b6ud ln tull dupler mod6 ovsr 4 wlr€ circuit or
half duplex mode ov6r 2 wlrgB gl 3O.@
loerleoe I 3A e4.5O. 2BlC & 20 e9.5O.

DATA PU
1 2OO bau
duplex ov
data i/o vi
tesl etc 2
with data

For more information or details ol other types
\ ot ex stock modems contact sales otfice.\

sof

31OO 1 9 i,lb. Dlsk driye €i99,@ PliU unlt Era5@
CDl'l (X) controller & BIOS €t15.00 PSU extenslon cable E9.9lt
Full tech Manual E20.n
Special SUBSYSTEM prices. 1 x 3100 disk + PSU * Controller ETn00
or 2 x 3l OO disks * 2 PSU + Controller Et2g5@
All prices t VAT and carriage. 90 day guarantee. Data on request.

c,.tllilo 0Ec
USENS

Brand new and boxed
RSX 11M 3.2 Documentation kits, rill 3
l€et of youJ bookshelf! Under haff price
only EI2O,N @fi.c6.50 0 val on manuaks-
OEC MSV1 1-OD 32k x 1 6 bit BAM Ertt ,
We are alweys keen to buy all typ€s ol
usod orsurplus DEC equipnrent ,/

ffi Allprbesquot€daretorU.K Mainhn4peidcashwilh trdorin PoundsStirlingBt!Jg4I. Minimumord€rvelu€€z0,MinimmC.e<ft.
Cardordre,r?|0,00 Minimum BONAFloEaccouniordeslrom Govemmentd-epts,scioolq Uni\efiiiti€sartd€6ilablisr'€dcompanies

and packing noi indicaied ploas€ ADD cop + VAT Waiehouse op€n MoDFri g3O - 53O. Sat 1Ol 5 - 5-3
t to chanoe pricss .ndr p€cltlcstlono wtthout notbe. Trad€. Bulk and ErDdt €fiq|rF*'s Ht{corrE
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LIGHTSAVER
uld be of universal applicability,
get switched on and off a

es.

I ncandescent lamps almost
I invariablv'blow' when thev are
I first switched on. The reason

for this is that the cold resistance
of the filament is very much lorver
than the hot resistance, rr ith the
result that a very large current can
flow at switch on rvh-ile the f ila-

ineer'
not to
long). t
dome
is sort r

only so long before sucumbing.
There is a way of reducing the

stress on the filament, however,
and this is by implementing zero-
crossing switching. In this, the
initial current into the filament

Looking at Fig. 1, we can see
the effects of this. ln the worst
case, the light switch might close
at or just before point B or B', with
the result that the filament will

dtoit
e voltage will
the peak
th is worst-

case example is rather better than
the normal possible worst case of
the f ilament having 339 volts
applied to it when it is cold.

However, most of the time, the
switch-on will occur somew'here
between B and A'or B'and A, rvith
the result that no current will f lorr'
until A' or A. The lamp will then be
subject to an extra warm-up
period of A' to X' or A to X before
commencing the first full half-
cycle at zero volts.

Construction And Testing
Firstly, and most importantly,

we must point out that this circuit
deals with mains voltages and
should be treated witliall due

ETI DECEMBER 1 983

NOTE:
01,2 ARE 8C108
scB1,2 ARE C106D

Fig. 1 (top) Switching waveforms
tor'zero-crossing' switching.

Fig.2 (above) diagram of the
Iightsaver.

HOW IT WOR
Up to about 80V, R1 and R2 cause
there to be less than 0.4V between the
base and emitter of Q1. This is too
small to switch the transistor on, so the
current flowing through R3 is directed
to SCR1.

Above 80V or so, Q1 conducts and
the gate of the thyristor is held low.
This prevents it from switching on; if
the lamp switch is flicked on at this
moment, the circuit will wait for the
mains voltage to fall again before
switching the SCR on.

It was considered that the easiest
yay ing operation during
the n cycle was to duplicate
the c her way round; hence
R4-6, Q2 and SCR2.

R1 and R2 must be selected so that
the voltage across R2 never exceeds
the maximum Vrso of the transistor,
and the value of R3 must be sufficiently
high for it to be able to cope with the
power it will dissipate when e1 is con-
ducting and the resistor is effectively
clamped across the mains.

kr
it
a box
in
e als

specified are not designed to take
a mechanicai pull f rom the leads,
so v the cable
or f! e unit to be
f irm e other
m eans.

\\'ith regard to assembling the
PCB itself, note that the centie
leads of the SCRs should be cut;
the metal tab should be secured



PROf ECT: Lightsaver

@F

LOAD/NEUTRAL

SllJITCH/LIVE

polarities of the mains waveform.
With some dimmers the bulb
controlled by the Lightsaver may
not come on for one of either the

s (possibly even
probably be

ited range of
available from

PARTS LIST
RE SI STO RS
R'1,4 22Ok,1/2V,,/
R2,5 1k0,%W
R3,6 47Ok,1hW

SEMICONDUCTORS
Q1,2 BC1B2 L
SCR1,2 C106D or similar

(400v 3A)

MISCELLAN EOUS
PCB; PCB mounting screw connector/
two way (suitable for mains voltage);
M3.5 (or similar size) short bolts &
nuts; case to choice.

BUYLIN ES
lf you have trouble finding any of the
parts for this circuit, maybe you should
take out a subscription to Hobby
Electronics, or, worse, Computing Today.

lf you want to check the action
of the lightsaver, then you can use
the circuit shown in Fig. 4, in which
a dimmer is used to pick out those
sections of the waveform in which
the be operat-
ing. d to the
Ligh on for very
low tings of the
dimmer and should have approx-
imately the same brightness as the
other bulb (if the two wattages are
the same).

Some f lickering in the transition
regions between on and off as the
dimmer is varied is normal, and is
due to (inevitable) discrepancies
in the turn-on point for the two

Fig. .l Method of verity-
ing circuit action.

BEAUTY
AND THE

BEAST

0nly f199.95
f229.94 inc.VAT.
Carriage f 7.00.

EX STOCK

Also green screen and

amber metal cased
monitors at
LOW. LOW PRICES.

E=::::

=l- 
DEPLAY DrsrRrBurffi

35 GROSVENOB ROAD, TwICKENHATYI, rvllDDx 0r-891 1923/1513Telex 295093

ENFIELD HOUSE
SWARDESTON
NORWICH
NORFOLK

-I_.-

DIGITI CIRCUIT DESIGW. Electronics a]lms )il to draw yff circuiE
diagrm on screen using standard symbols for logic gates, transisEors,
resistors, capacitors, diacs, triacs, diodes, etc, etc... Synbols can b€
rotaled, wiring interconnected or crossed over as required. onc€ cmpleEe
the cmrpuEer will 'porer up you circuit - high voltage lev€ls Ewn red,
1ow 1ev€]s twn green. Circuits can be de-activated, mdifieC and
re-acEivated mtil they fMccim as required, all Fithmt toEhing a

soldering iror! Part cdpleEed circuits may be s€ved for fuNre mrk md
displays can b€ senL co Lhe prinler. A1l ctrpon€nts are fully interaclive
i.e. Ehey can change the state of secrions previously activaEed in the
sequnce - ev€n oscillators can b€ seen oscillaring. Harning is given oi
short-circuits. (57 defined graphics are employed)ffiry

r "z vpp (v) t5c Vpp (H\

JI-JL'/L
12 vpp (H\ s6o ypp (6)
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fOfAT EIIEROY DISCHARSE
ETEGIPOIUC tGilrftoil

AS OOOD AS IT SOUID BE ?
f ts it EASY TO START in the cold and the damp? Total Energy

Discharge will give the most po\ilerful spark and maintain full output

f roral ENERGY DISCHARGE is a unique system and rhe mosr
powerf ul on the market - 3 % times the power of inductive systems -

3 % times the energy and 3 times the duration of ordinary capacitive
systems. These are the facts:
Performance at only 6 volts (max. supply 16 volts)
SPABK POWEH 140W, SPARK ENEBGY
SPARK DURATION 

- 
500;.rS, STORED ENERGY

LOADED OUTPUT VOLTAGE
S0pFload 3€lkv, 50pF - 50Ok 

- 
26kV

We challenge any manufacturer to publish bener per{ormance
figures. Before you buy any other make, ask lor the facts, its
probably only an inductive system But if an inductive system is

. what you really wan1, we'llstill give you a gooc dea

* All ELECTRONIZE electronic ignitionc feeturc:
EASY FITTING, STANOARD/ELECTRONIC CHANGEOVER
SWITCH, STATIC TIMING LIGHT and OESIGNEO lN
RELIABILITY (14 years axperience and a 3 year guarantee).

* tru Xtf FORM it provides a top pedornance sy$em at less than half
the price of comparable ready bullt un;ts The kit includes:pre-drilled
fibreglass PCB, pre-wound and varnished f errite transf ormer, high
quality 2uF discharge capacitor, cas€, easy to lollow instructions,
solder and everfthing needed to build and rlt to your car, All you
need is a soldering iron and a few basic toois

Mosl NEW CARS already have electronic rgnr:ion Update YOUR CAR

even with a near flat banery

arcrng
stays
perfor

electrical load. The timing
contact condition doesn't aftect the
plug gaps can be used, even wet or

can be fired with this system.

E1ECTROTIIZE
ETECTROTIIC CAR ATAR],I

HOW SAFE IS YOUR CAR ?
More and more cars are stolen each week and even a steering lock
seems little help. But a car thief will avoid a car that will cause him
trouble and attract attention. lf your car has a good alarm system-
well there are plenty of other cars to choose from.

LOOK AT THE PROTECTION AN ELECTRONIZE ALARM
CAN GIVE.

* MINIATURE KEY PLUG A miniature jack plug attaches to your key
ring and is coded to your particular alarm

f mzs tND|vtDUAL coMBtNATtoNS The key ptug contains two
'l o/o tolerance resistors, both must be the correct value and together
give 2025 different combinations.

* ATTRACTS MAXIMUM ATTENTTON This alarm system not onty
intermittently sounds the horn, but also flashes the headlight and
prevents the engine being started.

*. 60 SE IOD Once triggered the alarm will sound' for 60 celled by the key plug, before resetting
ready

* gO Se The system is armed by pressing a small
button on a dashboard mounted control panel. This starts a 30
second delay period during which the owner can open and close
doors without triggering the alarm.

* tO SECOTO ENTRY DELAY When a door is opened a t0 second
delay operates to allow the owner to disarm the system with the
coded key plug. Latching circuits are used and once triggered the
alarm can only-be cancell6d by the key plug.

f le.o. FUNCTTON |ND|CATOR An LED is inctuded in the
dashboard unit and indicates the systems operating state. The LED
lights continu the system is armed and in the exit delay
condition. A f dicates that the alarm has been triggered
and is in the e dition.

f eccessony Loop - BoNNET/Boor swtrcH . tcNtloN
TRIGGER three separate circuits and will trigger the
alarm imm less of entry and exit delays.

f SAfefV I he system cannot be armed by accident
when the engine is running and the car is in motion.

* LOW SUPPLY CURRENT CMOS tC',s and low power operationat
amplifiers achieve a normal operating current of only 2.5 mA.

f tru Xtf FORM lt provides a high level of protection at a really low
cost The kit includes everything needed, the case, fibreglass pCB,
random selection resistors to set the code and full set of components
etc. ln fact everything down to the last washer plus easy to follow
instructions

fill in the coupon and send to

TOTAL ENERGY DISCHARGE (6 or 12 volr negative earth)

! ete.ase send more information
EtECfROI{llE DESIOil Dept D . Masnus Rd . Witnecote ,Tamworth . B?7 sBy. tel 0827 2B1ooo

IIIII IIIIII I I I I I I II I.III III IIII I IIIIIII-IIII

TWIN OUTPUT for cars and motor cycles with dual ignition

I Assembled ready ro fit
I D.l.Y, parts kit

E ,*,n, Assembled ready ro fit
[_l Twin, D.l.Y. parts kit

INDUCTIVE DISCHARGE (12vott onty)

T Assembled ready to fit

Prices lnclude VAT

t2v10 t19.95
f1r,s f14.95

t36nG f29.95
t2*& t22.95

f1r.* f12.75

f1-OO PP(UK)perUnit D

CAR ALABM (t2vott nesativeeanh)

f-l Assembled ready to fit (Al wires and f 37.95

E D.l.Y parts kit connectors incl.) f24.95
I enclose cheque/postal order OR debit myAccess/Visa card
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SERVICE SHEET
Enquiries
We receive a very large number of enquiries.
Would prospective enquirers please note the
following points:
O We undertake to do our best to answer en-
(uiries relating to diffic-uities with ETI projects,
in particular non working projects, difficulties
in obtaining components, and errors that you
think we may have made. We do not have the
resources to adapt or design projects for
readers (other than for publication), nor can
we predict the outcome if our projects are used
beyond
a Whe rently been (on-
structed ol work, we will
need a aviour and some
sensible test readings and drawings of
oscillograms if appropriate With a bit of luck,
by taking these measurements you'll discover
what's wrong yourself. Please do not sencl us
any hardware (except as a gift!);
O Other than through our letters page
Read/Write, we will not reply to encl- ''e.
relating to other types oi article rn ETI \\ e -=:
make some exceptions tvhere the e"c- ' :

electronics as a whole:
o We will not reply to queries that are not ac-
companied by an SAE'cir interrationa repll'
coupon) We are not able to answer enquiries
over the telephone. \\'e trV to answer prompt
ly, but we receive so nrany enquiries that this
cannot be guarantee<l
a Be briei and lo th" puint in your enqu.ries
Mur h .t' we enjoy rr'ading yuur opinions on
world affairs, the state of the electronics in-
dustry, and so on, it doesn't help our already
overloaded enquiries service to have to plough
through several pages to find exactly what in-
formation you want

Subscriptions
The prices of ETI subscriptions are as iollor,vs:
UK:
Overseas:

f13.15
f 16.95 Surface Mail
136 95 Air Mail

Send your order and money to: ETI Subscrip-
tions Department, 5 l 3 London Road, Thornton
Heath, Surrey CR,l 6AR (cheques should be
rnade 1;ayable to ASP Ltd) Note that vve run
special offers on subscriptions fronr lirre to
time (thouSh usually only for UK srrbscriptions,
sorry)

ETI shoLrld be available through nc\vs.r!l,ents,
and ii re.rdcrs have dirficulty in obtaining
i5suL'>. \\e Ll li(e lo ht'.rr .rboLrt it

Backnumbers
Below lve list the lracknttmbers th.rt are
available from our backnutrbers department
Please note that this list will be out of date if
VoU tlsP ,ttl O d , t,l)y ()l tlr- nr,te,,tzine.
backnunrb.r- (o-l Ll.ll) r( K or or.r'e,l: h)
surface nrail) and are available ironl: ETI

Backnumbers Department, 513 London R<lad,

Thornton Heath, Surrey CR'+ 6AR (cheques

i sted,
toco-
s) rve

ll:'J,:
\ our requc.l \ \l.llc \\ h.rt lrtit le
you re(lurre I ()nrl\P'rr in uh't h il

appeared (th 980 and l98l u'as
published in , and the irrdex for
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1982 appeared in December 1982) Send your
request to ETI Photocopies, Argus Specialist
Publications Ltd, 141 Charing Cross Road, Lon'
don WC2H 0EE (cheques should be made out
to ASP Ltd).
November ZB .lune 81

November 29 November Bl
April B0 December 81

September BO ltarch 82
October BO May 82
Novernber E0 June 82
December BO luly 82

Januarl 8 {ugusl 82
I ebruarr 6. September 82
March 8l October 82
Aori, B, Der'ember d2
\iar 8' lebruarv 83

Write For ETI
ooi 1E.-or ne\1 contributors to

.-r .',e :la\ a conrcetrt \e page
a a- .: c'c,ec: or vou rrould

--: r-'- ::C3 a .'et rrOUld n

la-a:: :- -e:ae': :- -! -j a j Ca:Cl- ptron Ol
\ O-r- il'orlase :aC !a fEi 3lCr:O \Ol, iO Sa\
\\ netner OT nO'. \\ e re lie:E:,€a: 3'C : \ e \ OU

ali rne ho'i"e dera i- Do^ t 'o':e: , - i P -:
i'our telehone numberi

We don't bother lvith the buteaucracl tor
Tech Tips - all you do is to send y'our idea,
stating clearly iI you want an a norvledge-
ment of receipt. lf possible, please t1,pe your
explanation of why the circuit is different, what
it does and how it works, on a separate sheet
from the circuit diagram; both sheets should
carry your name, address and the circuit title.
We'll let you know (within a month or so) if we
want to use your Tech Tip.

Trouble With Advertisers
So far as we know, all our advertisers lvork
hard to provide a good service our readers.
Horvever, problems can occu and in this
event you should:
I \\ r,tc to the >unplier. 5tJlin8, )our (ofil

unsatisi.tctor\/ or incomplete fulfilrnent of an
order) and give full details ofthe order you sent
and rvhen you sent it
2. l..ee1' d .(,lr\ ol all corre.pondenre.
J. t he'ck ro:r bank stdlement 1o see ;l thc
che t
4. I e yirom
the il u r'le
aga o ery, or
tele a about

nt.
t the above procedure and still do
atisf.ictory response from the sup-

rrlier. thrn o,ea.e droo us a I not
able to hc 1' 61 c,r y. be.au lh(
dispute is betir een ,vou and th tlt a

letter lrorn us can sometimes the
matter sorted o write to us

until you har able stePs
yourself 1o sort

We are a m der Protec-
tion schenre, and this means that, subject to
certain conditions
or into liquidation
que and sLrpplyin
have paid, then it
obtain compensation From tirne to time, we
Lrrblrrh detr l. ot 'he 'r l'eme ne.lr our
cllssiiied "d'. and 1ou -l'uu.d ook there ior
further details

OOPS!
We have in the past published small correc-
tions to projects on the letters page, and major
corrections separately. From now on correc-
tions will appear on this page, and will be
repeated for several months (just to increase
our embarrassment) lf a correction is too large
to fit on here, we will publish it just once, but
will note the fact that a correction does exist,
and that copies of it can be obtained from us
provided you send in an SAE. But please - re-
quest copies only if you really do need them; if
this service is abused, we may be forced to
withdr-aw it

Programmable Power Supply (lanuary 1983)
Lascar Electronics have now moved to
Module House, White Parish, Salisbury,
Wiltshire SP5 2Sj

Flash Sequencer (July '83)
Q1 should be BClB4L; Q2-5 should be
BC1 82L
Telescope (August 1 983)
We had a shower of annotation falling off our
diagramsl On Fig. 1, C19 (below lC14) was not
labelled nor was Q2 (above R] 1), and there
\\ere two C23s - one should be lC22 and it
doesn't matter which ln Fig. 5, lC12 was not
labelled. u nfcrtunatel;', there \\,as a
mistake rn the correction (blush!): C14 is the
224 tant on the -: V line
Craphic Equaliser (August .t983)

D2 an D3 are shorr n the rvrong way round
in the olter supply c rcuit diagram on page
20.
Universal EPROM Programmer (August
1 983)
Quite a iew si lies herel On the circuit
rJiagram (page 46), C6 is l00u and C9 is
100n, not the other n,ay r d as given.
Some, bars were omitted t note three of
Table I on page ,18: it should have read
"CEIPCN\ t27 series) is equivalent to PD/PCM
(not PD/PCM) ( ." The pe
sentence of the graph on
shoulcl read ". RVl for a
oi +25 V at /C .'' On the
lC7 is betveen SKl, lC6 i

SKI and Cl0, ICI I is betrnreen R7 and RtO,
R3 is belrveen R2 and Q2, and Q7 is
betr'veen Q6 and QB. A link is missing
betrn,een IC7 and SK l, and rhe unidentiiied
pins at thc right hand encj ol SK3 are the
- 5V line Finally, C10 appears tn,icc in the
irart: li.t bul only thc rir.t entr\ i> ( orrecl.
and the second DIL socket should, of course,
be 8, nol 80, rvay,
280 Controller Computer (August 1983)
On the overlay, SWI is the rectangle beside
lCs 5 and 6, C6 should be shorvn between
lCs 3 and 7. and a link through has been
missed to the right of pin lB, lC1 1

Typewriter Interface (October 1983)
There are two errors in Table I on page 24:
location 3C should contain E7 and location
3F should contaln 5F
Car Alarm (October 1983)
ln the senriconductors section of the oarts
list, Q1, 2,5, and 7 should be BC212L, Q3
should be BCl82L, and Q4,6 should be
IlP3l or BDl3l There rvas also another
(inconsequential) silly but we bet vou'r e
.rlready spotted that one!
Tech Tips (October 1983)
Ramped Pulse Cenerator For Stepper- \1otor:

pin 1 of lC2 should be groLrnded, the
R,rrnp Up rnd Ramp Do\\ 1 i,rr)J'- d( ( c;)
negative, not positive, go ng pu :es anc iC-
should be a 40'l I rather than a -i001.

ETI DECEMBER 1 983



READE R'S SE RVICES

o-rd-eitF-or-,,--rr 
E r r r r r r rrrr rr r r r rr - -tl

513 London noua. ! Binder Order Form I
England' I fo' ETI Binders,513 London Road, Thornton Heath, Sur- Ito Electronic_. Todar ! rer CR_l 6AR, England. r

I lnternationai. I en< ostal Order- lnterra- I
! tional Money Order* for the appropria e fee- n';ace o-: to i p,ea=e senci me...... .binder(s) for ETl. I-tI ASP Ltd. I I encose a cheque+/Postal Order*, lnternationai Uoney II Please debit mv Access*/Barclavcard= accoJni n .ricer- ! 9'-o-"j-^r.',rl:ry*l::^:jj112.!:'-?:1:,^::^:yired, mad6 i

\ uErEtE o) qPPr vyr rq

it"ur" indicaie subicription requirec and fee I Ei#[ ]f#;f{' 
YouR NAME AND ADDRESS /N I

enclosed 
uKfl 

I "'":"L/1rttt'tL) 
!UK&Repof lreland: UKfl3.1S ; Name..........

Overseas surface mail: f-16.95 i ^ . If36.esll iAddress I
I 'Ji.'"nr1:lffriPtion includes ' i !
I r ouR NAME AND ADDRESS I . I

I out to ASP Ltd (* please delete as appropriate). 
it_
Isignature I Total money enclosed f..................(* delete as appropriate) Dt EACE /-/1^,tD, cr. \/^t tD xt.^r. 

^ 
f,,^ , ^^^-.-"','^', I

I Month .......... Year I Month................Year Article

I

I

I tN BLOCK CAPTTALS

; Name

; Address..

I
I
I p^lTs!,t\9,LyDE PosrAL coDE AS APPRO?R\ATE

ir f'''' i ;',::y:!: :'1i'!''-=': ! z y':: y': :":,:ry:''':' -lrrrrr r ^r rder Form 
lrr-tl

Ircler torm
I l9: tl ies Department, 145 Charing Cross I
' lnornt H 0EE, England. II Pl"rr" tn tf,e'f"-tiol"in[-photocopies: iI

I I enclose cheque*; Postal Orcjer- International Money I I

i 9.._d:1.^,p-,f:.u:j,."of rr 50permasazin"i,i"?"a.'ii;;l i i ;;.ior; ;h;;;";ip;;iri ";jiiir,)l;i;;;;i ,on", !
! 

out to ASP Ltd (- delete as appropriatel. t order to the value of rr.i0 p",. pnoio.t-ov rra"r"a,';;;a I
I Total money enclosed f................... I out to ASP Ltd (* delete as appropriate)' I
I q resr coMpLETE yoL'R ,\,{,\4E AND ADDRESS iN I total money enclosed f .................. II gtocx 1AP|TALS t pLEASE coMpLETE yotJR NAMF AND ADDRrss l,rr I. 6LI)LK LATI I,1.L)

I ! 
PLEASE COMPLETE YOUR NAME AND ADDRESS /N I

1 Name...... i BLocK CAP|TALS I
Name.......... I

I,A.ddress I
I
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ETI PCB SERVICE
The best way to get a really professional finish to your project is to use a professionally made PCB -look no further, here they are!

ln order to ensure that you get the correct board, you must quote the reference number when
ordering - if you don't, you may get sent the wrong board. The code can also be used to identify the
year and month that a particular project was outlined in: the first two numbers are the year, the third is
the month and the number after the hyphen indicat, s the particular project.

Note that these are all the boards that are available - if it isn't listed, we don't have it.
Our terms are strictly cash with order - we do not accept official orders. How€ver, we can provide

a pro-forma invoice for you to raise a cheque against, but we must stress that the goods will not be
dispatched until we receive payment.

1979 fl E/8112-4 Component Tester ..........1.49 E E/S33-3 ZX81 User Graphics ........0.93
Z E1794-1 Guitar Effects Unit ..........2.64 E E/833-4 Logic Probe ......................2.17

;;ii;;:::::::::::::l?:# E [13ii-3",li,3ll ifit ;;;ffi ::::i:8i
............................2.72 I E/835_6 Stage Lighring
PWM ................3.06 Autofade ..............5.38

contro,er 4 51 - r??i,.];i:?: 
:::::::.1........... . .0.,,

1eB, = Ets26-4 MosFEr ^;; ffi;i;.::.3:93 - "?iilJ,',,,i ::::::::I. . ......3.1s

E f/gtt-t LED Tacho ..........................4.13 a El826-5 Logic Lock ........................3.05 -t E1836-4 lmmersible Heater ............2.00

tr E/st1-2 Multi-Oprion siren............3.20 A EB26-6 Digital PwM ....................3.34 ! E/83G5 Atom Keypad ....................4.50

,l ElS12-1 Universal Timer..................3.31 l) E1826-7 Optical Sensor..................1.74 Z E1837-1 Flash Sequencer................2.32

Z ElS12-2 lR Alarm (4 boards) ..........6.64 J E1826-9 Oscilloscope al ElB37-2 Trigger Unit Main Board ..2.32

! E/812-5Pulse Cenerator ................3.57 (4 boards) ..........11'60 I E/837-3 Trigger Unit Transmitter ..1.44

f] E/Sl3-1 Engineer'e Stethoscope ....2.55 a E1827-7 TV Eargraph Main .....,......4.55 Z ElB37-4 Switched Mode PSU ......14.00

a E1014-2 Drum Machine (2 boards) Z E1827-3 TV Bargraph Channel ......2.28 fl E/838-1 Graphic Equaliser ............7.91

tr ilil; e;ii;; N;i; il;;;:.....i:i3 Z i',\tri:! #iJ}lff il;;i;; :::: :: ::::::1 33 tr "?,'.t'""Ti': ::l* 2 ss

E E/816-8 Waa-Phase ........................1.53 E E/828-1 Playmate (3 boards) ........7.20 E E/838.3 Universal EPROM prog....8.38

E E/S16-9 Alien Attack......................3.48 a) E1828-4 Kitchen Sca|es..................1.84 E E/839-1 NiCad Charger/Regen ......3.28

Z E1817-1 System A-lnput E E1828-5 Sound Track ......................4.25 E E/839-2 Digger ................................2.96
(MM or MC) ................................2.65 Z E1829-1 Auto Volume Control ......1.84 E E/839-3 54K DRAM ......................12.24

la EB17-2 System A - Preamp ........5.17 Z E1829-2 Dual Log

Z E1817-3 Smart Eattery Charger ......1.97 E E/8210-1 Messag

E E/818-3 Hand Clap Synth ..............3.97 (2 boards) .......

fl E/818-5 Watchdow Home il E18211-4 Pulse G
Security (2 boards) ....................s.31 ia Eft212-1 ELCB ...

E E/819-1 Mains Audio Link I E18212-2 Servo I

(3 boards) ...........7.35 (2 boards) .......

f] E/819-4 Laboratory PSU ................4.53 J E18212-4 Spectrac

E E/8110-1 En|argerTimer................3.40 r ./8311_6Lightpen......,..4.00
t18311-7 LogicClip ..2.18

l.:.:::::::..:..::.::::::l:33 eTsrtt'sr'rCi",a'(rr-r-Ht . .'. .zta
able PSU ..........3.01) tr El83',l2'1 Lightsaver .' . .' . . 1.61

rd ....................j1.16 tl E18312-2 A-to-D Board . . . . 11.16

,dure ..3.r5 E, il111ir'ffi:ll":l'.i'l) :3:!3
Prices quoted are valid until December 1983 Ll E18312'4zxAtarm " " " ' s'zs

How to order: indicate the boards required by Signed

ticking the boxes and send this page, together
with your payment, to: ETI PCB Service, Argus Name
Specialist Publications Ltd, 145 Charing Cross
Road, London WC2H OEE. Make cheques
payable to ETI PCB Service. Payment in sterling
only please. Prices subject to change without

Address
only please. Prices subject to change ry[IgUI
notice PTEASE ALLOW

28 DAYS FOR
DELIVERY

Total for boards
Add 45p p&p
Total enclosed

045
f
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I

!gnition \

come.flij"shout.

TX 1002
Electronic lgnition

a lnd!ctrve drscharqe a
Extended dwel circult stores
qreater energy tn cO l a Three
I)OS t On Chanqeo!er swttch a
Contdclless or contacl
breaker trillgered a C rp-to
co or ren)ote nroUfttnq a Ruggecl
.ire ca\l casp a Contact,ass ddaotors

) , Lclr roeo fo|nalor tV o,4 & 6.\,t n.tpr
,' vclr ulns O Easv to r>r, td a For oetar ! ol

\pl ,c'FS trtleo uv co.rtact pss t,roqe.. iln0
Inrn, rca SprrrteDet)to,r,0922: 6' t33ij 9

AT-4O Electronic Car Atarm

T)(20,0.2
Electronic Ignition
a Two separate systems rn one unitl
a Seactive Discharge OR lnductive
Discharge, with three posttionulscnarge, wrln lhree posrtlon
chanqeove. Sw,lch a G,ves ntqhest
poss b e spa.\ enerqv O Cl p-16.co I

or remote mountine O Ruqqeo oie-cast
case a Contaclless o, conEct breaxer
trig
incl
veh by
con
Ser

AT-8O Etectronic Car Security System
O Guards doors, boot, bonnet from unauthoflsed entry a Armedt
drsa,med fror outside veh,c,e by naqret . \ey {ob pas;d r-'s
Sensor Oad adhered to nsrdc ol
wrndscree. a lndividua iV
programmable code a 30 seco.d
delav-to arm a Flashes headl ohrs
and so.,ndS horn interr ttenliV- fo.
6C seconds wh:. act ! aied O

c rcLiltry

allr*dlll-

\ sx looo
t Electronic tgnition

a -..- :: ,. I scharge a Extended
:.t- - - 'sro (5qrealpr ene.qv 1
:: a -_ ee pos t on chanqeovdr
-.', " - a oarer tpd.l D-to .orl irtting
a Frs!'t(, assemble easv to irt a
C:^tact breaker tlggered nclLrdes
DOr rrCe StrppreSStOn CtrCtilt

6l#d*

O GLrards doors. boo
O Armed/rJrsarmed rr

deiav to arm: 7 secol
be wired to exleilor k

SPECIAL OFFER
,,FREE" MAGIDICE KIT WITH
ALL ORDERS OVER €40 OO

SPARKHITE (A Drv s or ol Sta.i (rrr Lie ,82 Bath Sireet Wa sal WS j 3DE Enoland Te

sorncjs horn intermrrtenily tor tjo seconds when
actrvated a Securily loop protects
accessofles O Low consrmoton
C MOS crrcLrtrv

ULTRASONIC tntruder Detector
a SLrpp enrenrarV to AT 40 & AT-80 O Wiltwork in
conl!nclton wlth any door switch tnp!t or voltage
sensrng a aln a Dctects atrempted break in and
rloventent within nt & triggers
a ar rr a lncludes rc trans?lcers
a Crystal controll ous sensttrvitv

control allows freedom from false
alarnrs a Low current consrrnption

VOYAGER Car Drive Computer
le chrp
h auto-
cluded
a

MAGIDICE Etectronic Dice
O Tr qgs1s6 by war rg rdld ove, dr y .d1do
O Bleeps & 'lashps dr,; .g 4 spc trr sptaled
seconds then f ashes to conserve ba nsumpti
crrcrr try

IIIIIIII'III IIIIIIIIIII
109221 614791

r
I

NE

I

KIT ULiJ PH l-E NE!\ PH (;E

5X IUUU

sx 2000
TX r 002
TX 2A02

AT 40
Al 80

I]LTRASONIC
VOYAGER
MAGIDICF

Js-
22 95
32 9s

rri 95

i 18 S5

12205
t3295
l's ss
l:a gs

ir795
r6495 I 64 -q5
t9{ i695

NAME ETtl12
ADDRESS

I ENCLOSE CHEOUE(S)/POSTAL ORDERS FOR
f --- KIT REF

CHEOUE No

PRICES INC

IE

VAT POSTA(;E & PACKINC

IIEI
-.:-: tloHONf \OLIRURDERWilH

IIIIIIIIII

7,liii

flITflII]HiUTf,$IIflW]

PRICES REDUCED
ON SUPER SAVE

D.I.Y. KITS
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PCB FOIT PATTERNS

The Lightsaver

16 Channel A to D Board

Note that we have reproduced here

only the underside pattern of the
double sided board. The upper side
pattern consists only of links, and it
should be possible to produce this
from reference to the overlay
diagram, Fig. 3 on page 21. At a

pinch, you could even use fine wire
links as shown in the picture of our
prototype on the cover. Just to
keep everyone happy though, we
will try and f ind space for the other
foil pattern in a f uture issue.
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FREE CAREER BOOKLET
Train for success, for a
betteriob, bettei pay

Enjoy all the advantages of an !CS
Diploma Course, training you ready for a
new, higher paid, more exciting career.

Learn in your own home, in your own
time, at your own pace, through ICS home
study, used by over 8 million already!

Look at the wide range of opportunities
awaiting you. Whatever your interest or
skill, there's an ICS Diploma Course
there for you to use.

Send for your FREE CAREER BOOKLET
today-at no cost or obligation at all.

FOR HI-FI & ELECTRON/CS ENTHUS/ASIS

CONCEPT ELECTRON ICS LTD
51 Tollington Road, London N7 6pB

Mail order only

ith
nd
on
nt,

"T

professional re.k mnrnrin6.,hinat P6nel 5126 Rear Box prlce
WHlinch) WHD AL
19x5 17x45x1O 2754
19x4 17 x35x10 2524
19x35 17x3x10 24Og
19x3 17x25x10 2409
19x25 17x2x1O 2294'19x6 17x55x12 2869
19x5 17x45x12 2754'19x4 17 x35x12 2524
19x35 17x3x12 24Og
17x35 155x3xg 2179
17x25 155x2xg 2064
17\4 155x35x122524
17x3 155x25x12 2409
Please add e2 50 D/o Der item

STEE L
23 54
21 24
20 09

18 94
24 69
23 54
21 24
20 09
17 79

21 24
20 09

de of black anodised alumi quality
many other purposes * Top access
ont mounting plate * Heevy minium
ed with two professional ha ptastic

The low cost steel version is also available. The size and features as well as the front
panel is the same as the al uminiu m cabi nets except the rear box is ma nufactu red from
steel painted in black

CONTROL MODULES

fY-7 Electronic touch switch
€2.9O Kit e4.5O Ass.

TY-1 1 Lrght activated switch
e2.20 Kit E3.5O Ass.

ry-18 Sound activated switch
(C ap switch) €4.5O Kit e5.95 Ass.
TY-38 Sound activated switch
(voice-switch) €5.50 Klt €7.50 Ass.
ry-41 lnfra-red remote control
(Receiver and transmitte0

Gl7.2O Klt €21 .95 AEs.

HI.FI AMPLIFIEB MODULES

fA-323A 30W + 30W stereo amplifier
el 8.95 Kli €23.95 Ass,

TA-820 6OW + 60W stero amplifier
€27.50 Klt 833.50 Ass.

TA-920 70W +70W stereo amplitier
e35.5O Kit €42.50 Ass.

Professional rack mounting cabinet

ELECTRICAT
ENGINEERING

w&
SERVIC!NG
RUNNING YOUR
OWN BUSINESS

I r.ru." i
! ooo,"r. itil"i
I 'o onie GDqru*o,l iL r --:jtllj*l-i

A[DPV
hilermoriles
Part type
41 I 6 20Ons
41 64 200ns
21 14 200ns Low power
2114450nsLowpower
61 1 6/201 5
6116150nsLowpower
2708 450ns
2716450ns5volt
271 6 45Ons three ra I

2732 45ot^s lntel type
2532 450ns Texas type
27 6425ans
27 1 28 3aOns
Z8OA.CPU C2 99
6522 PtA t3 70

1 off 25.99 1OO up
125 115 110
420 395 385
115 100 90
9s 8s 80

s35 300 285
490 440 420
325 295 280
245 235 225
575 500 465
345 305 295
385 345 330
420 375 3 60

1 4 00 12 5A 1200
z80A-Pto r2 99 Z8OA-CTC t2 99
7805 reg 50 7812 (eg 50

Prns 8
Low profile lC sockets:

14 16 t8 20 22 24 2A 40
Texas solder-tail;

Pencel2 13 14 16 18 22 24 27 38
of t-sectored f oppy discs per 10 in plastic library case:

5 inc SSSD C17.00 5 inch SSDD C19.25 5 inch DSDD C2t OO
5 inch DSOD C26 35

8 nch SSSD C1 I 25 8 inch SSDD 823 65 8 inch DSDD C2S SO

74LS series TTL, large stocks at low prices with Dly discounts
starting at a mix of just 25 pieces Wrile or'phone for list

Please add 50p post & packing to orders under Cl 5 and VAT to
tota I

Trade accounts operated. 'phone or write Ior details
Happy Memories (ETl), Gladestry, Kington,

Herefordshire. HR5 3NY. Tel: (O54 422) 61 8 or 628

eaqy.
tocomplain

abolt

TheAdvertisi
lf an adutrtisement is

ASA Ltd Brook HouseTorrrngton Place London WCIE 7HN

Ca conrp 563 drunr
p olter XY plots up to 31'
by 1 20ttl
lnrfracL late cond t on
E35O + carr age
5 Vo t 5 Anlp Reg lModu e
The periect basrs for
your cuslonr power s!p'
ply ONLY t2.5Op plus
50p p&p
12 d splay scope Neat
ljnrt but no dala hence
pn y E49.OOp p us Cg 50
p8p
DBE 400OA 5M by,te hard
drsc dnves brand new
boxed 8599.

cEilTBOtTCS:n
UilC PRIilTERS

prorsional rast ROPPY DISC DBIVES
compact lire-p,inter 80
columns, 120 char/w Fanlasric MEMOREX
Pa.allel i/f, Ouality at a 550 8' di$s mounted in
silly prac€, Venicsl ,o@l atlractive cas with
unil To inc op€rations porer supply and fan
nranua ONLY €1 29 OO Shugan slandard 50 way
Carriage (Engl8ndl inter(ace Space for
f'17 50 Trch runual second drive 8149 OO

1230 p€g6l€10.@ rcarr lg 50)

MAWSON ASSOCIATES
121 Lcnnard Rd, Beckenham. Kenr BR3 lOP

wE at-so 8uY coitPlJTERs 01-778 $m cdksBcoft br rD@,nrmenr
AND CoMPUTER P€nIPHEFAIS s,'h ilffi soldmrliq bul nol g'td
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ANNTEY ETECTRO

190 Bedminster Down Road
Bedminste? Dosn, Bristol

lel: ElT2 &EEl
Open: Mon-Sat 9arn€.I pn Wed g-Ehm

41 Winwick St., Warrington
Te!.54174mrcs Open: Mon-Fri 9.30-6

(closed Tues) Sat 9.3O-5
Components, aerials & burglar alarm

speciallsts

MYCA ELECTRONICS
2 VICTORIA PL, SEACOMBE FERRY.

WALLASEY, 144 6NR.
Tel: 051 6il8 8E{7

Open Mon-Sat 10am-5.30pm
Mail 0det pilce list ilp rcfundable

SEE YOU R BUSIN ESS GROW.
SIMPLY FILL IN THE COUPON

BELOW AND SEND TO;

1 45 cHARTNG ifSJ-JBoAD, LoN DoN wc2

MONTHLY IN
ELECTRONICS TODAY _
YOUR OWN 'WHERE TO

BUY IT'GUIDE

PROGRESSIVE RADIO
93 Dale Street. Tet Ost 236 O9g2

47 Whitechapel, Tet 051 236 S4B9
Liverpool 2

THE ELECff,OflICS SPECIALISTS'

Open: Tues-Sat 9.30-5.30

'* A nrw compan, salling ehctronic cohI0n!nts

* Mail ordar atrd w.ll-rouli srpr.harl!t-
* Iast stocls .Id v!ry Gomletitiv. Fri!!s

NOW OPEN IN NEWCASTLE
FOR fHE BEST IN ELECTRONIC COMP

STOCKISTS OF
TRANSISTORS, RESISTORS, CAPACITORS.

lC DIODES, ELECTRONIC BOOKS Etc
REPAIRS UNDERTAKEN

ACE MAILTRON!X LTD.
3A Commercial Street.

Batley. Tel: (09241 M1129
Open: Mon-Fr garr 5 30pm (Sat lpm)

Betar and who esaie

PIease include my business details in the next available issue of ELECTRONICS TODAY
INTERNATIONAL: 17.50 per insertion. Call us for Series discounts.

01-437 1002.

45 Castle Arcade, Cardiff
TEL: O222 41905

Open: Mon-Sat 9-5.30

trwummT
103 Coventry St., Kiddermanster

Components, computers, car radios,
C.B.'s, amateur radio

Spares & Repairs
o'"'' Tll,'#i;* !. r

BUSINESS NAME

ADDRESS:

TEL. NO.:

OPENING HOURS:

CONTACT: (FOR OFFICE USE ONLY)

L _ _ ____]
ETI DECEMBER 1983 7s



Lineage:
35p per word (minimum '1 5 words)
Semi Display: (minimum 2 cms)
C10.00 per single column centimetre
Ring for information on series bookings/discounts
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and
conditions printed on the advertisement rate card (available on

E
Y'54r

01-437 1002
EXT 212
Send your requirements to:
Debbie Miller
ASP Ltd.,
145 Charing Cross Road,
London WC2H 0EFrequest)

IMED ENTRY EXIT

approved. Ledon lnstruments
Ltd, Gladstone Boad, Folkstone,
Kent. (0303) 57555.

MICRO-COMPUTER repairs.
ZX Spectrum, VIC 20, C64 Pets,
Commodore computers, prin-
ters and floppy disk. Phone
Slough (0753) 48785. Monday
to Saturday.

YOU WANT POWER? _ WE

0677 22063.

The Owl Series
ELECTRONIC TECHNICAL

A-Z OATA BOOKS
TVT(A-Z) Transistor equivalent book
with short form lechnical data covenng
kanrslors wrth prefix A-Z Over 3OO
pages e5 20
TVT(2 N) Transistor eq urvalent bookwith
short lorm lechnical data covering tran-
sistorswithprefrxes2N 2SA 2SB 2SD
2SK,3N etc Over 400 pages E5.50
THT Thyflstor data and equrvaient book
coveflng thynstors, tetrodes, tngger
diodes triacs UJTS and PUTS 496
pages 520 scale drawrngs Eg gO
DDV/1 Part 1. European d,ode data and
equrvalent book.500 pages. €8.50

torsC-Z Overl100pages €11 OO
DAT 3 Part three ol above covering tran-
srstors 2N21 2N6735 750 pages
€8 60
DAT 4 Part four of above coveilng tran-
srstors 2SA 2SB 2SC 2SD 2SJ 2SK
3N, 3SJ. 35K. 4000 Over 1 2O0 pages
El I .50
LIN 1 Lrnearoperatronalanrplrtrers data
and comparison tables for rnlegrated op
amps and conparators Over 4OO
pages €7 OO
LIN 2 Linearvoltage stabrlrzers data and
conrpanson tables lor integraled adiust-
able and non-adtustable voltage regu-
lators Over 350 paqes e7 OO
TTL digital data and equivalent book
rncludrng J40 con.ection drawings
Over 5OO pages €8.OO

All ptices tnclude poslage
Please allow 1 4 days for reply or delivety

TECHNICAL BOOK
SERVICES LTD

PO Box 79 Mardenhead BerksSL62EG

PARAPHYSICS JOURNAL
(Russian translation); psycho-
tronics, kirlianography, heli-
phonic music, telekinetics.
Computer software. S A.E
4 x 9", Paralab, Downton,
Wiltshire

FUTURE
TECH S
(ETl) 'l Hol ey

Southa
CBIV 64 Computer E19A
wrth cassette 8 2 blank tapes E242
VIC 20 starter pack ei 39
Cassette alcne €44.90, tapes €l ea
Specirum16KE99.95, 48K e129.95
Also Aiari Texas, accessories soItware

Cheque/PO with order
Send large SAE lor lists (23p stamp)

Add Cl PSPlor brders under l5O
All prices include VAT

BARGAIN PRICE electronic
and computer components, ZX
Spectrum and cassette acces-
sories, low cost electronic
goods - digital watches etc.
SAE for detailed price lists.
Ness Micro Systems, l CO
Drakies Avenue, lnverness
IV2 3SD

MINATURE TRANSMITTER,
professional with hypersensi-
tive pick-up with hi-fi quality
reception on domestic VHF/
FM air band radio. Using sub-
miniature components tor
exceptional transhr ission
stability and range, tunable 7O-
1 5O MHz, size 2 in x1/z in, com-
plete kit, includes all com-
ponents, ultra-sensitive mic-
rophone, illustrated plans etc,
only C9.95 post paid, send
cash/cheque/PO to MOD-
ULEX P.O. Box 102, Dartford,
Kent DA1 2PW.

PRI NTED CIRCUITS Make your
own simply, cheaply and quicklyl
Golden Fotolac light-sensitive
laquer - now greatly improved
and very much faster. Aerosol
cans with full instructions, e2.50.
Developer 35p. Ferric Chloride
60p. Clear acetate sheet for
master 15p. Copper-clad fib-
reglass board, approx. 1mm
thick C2.00 sq. ft. Post/packing
75p. White House Electronics,
Castle Drive, Praa Sands, Pen-
zance, Cornwall.

DIGITAL WATCH REPLACE.
MENT parts, batteries, displays,
backlights etc. Also reports pub-
lications, charts. S.a.e for f ull list
Profords Conersdrive, Holmer-
green Bucks. HP15 6SGD

MENDASCOPE LTD
Repair & recalibrate

Oscl//oscopes
All makes - all models

Otter House, Weston UndeMood
Olney, Bucks MK46 sJS
Bedlotd lo234l 712445
For lhe complele service

nLfnrn Ftiitt
tt!!r
MAINS BATT

MoDEL gOOOE

_ONLY-

ELECTRONIC ORGAN KEY.
BOARDS and other parts being
cleared out as special offer.
Elvins Electronic Musical
lnstruments, 4OA Dalston Lane,
London E8. O1-986 8455.

SURPLUS - ExEquipment
12O watt (60 + 60) power-
amplifiers. . . case, controls *
sockets, smoothing, glass/
PCB + heatsinking. Boxes *
data E10. KIA-8, LS29-9D2.

ET! April '72 - December'82.
ELEKTOR December '74 -
January'82. Sigma 4, G.P.A.27
for sale. Highest offer secures.
Tel: O1-958 7482.

GREAT WORKSHOP CLEAR.
ANCE! Transistors, T.T.L., Full
spec ex-equipment valves,
resistors. Bargains. SAE for list.
G. M. Shields, 4 Bain Street,
Lochgelly, Fife KY5 9LA.

oscrLLoscoPE 05300.
Gould price C3OO ono. Heatkits
ET34QO price C2OO ono.Tel: M r
Sinclair O1-607 6945.

ETI DECEMBER 1 983

PLEASE SENO FOR CATALOG
FROM

SIMPSONS ELECTBONIC ALARMS
70 PAIOAY AOAD LIVEAPOOL Lt 2iZ

. ITFADE suPPlrEDl
o51 -260-03 0 0

BURGLAR AI.ARM EOUIP-
MENT: As used inthetrade.JN
Security Centre, 176 Syden-
ham Road, London SE26 sJZ.
01-778-1111. Showrooms
open six days.

HAVE YOU
BURGLAR ALARM

EQUIPMENT TO SELL?
PHONE

ASP 01 -437 10,02

80

FFEE BOOKLET
on

BURGLAR ALARMS
with

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY

o51-523 8440-
AD ELECTRONICS

2lTWARBRECKMOOB W
AINTREE, LIVERPOOL U) OHU t-

LOIIIIEST DIYOIJNT PRrcES
HIGHEST OIJA L TT Y KIU IPM E N T
FREE DIY DESIGN GUIDE
FULLY ILLUSTRATED
MICROCHIP CIRCUITRY
AUrcK DESPATCH SERVICE
FII-L INSTRIrcTPNS



AMAZING ELECTRONIC

CONVERT any TV into large
screen oscilloscope. External
unit plugs into aerial socket of
TV. Circuit & plans E3 or S.AE
details. J. Bobker, 29 Chadder-
ton Drive, Unsworth, Bury.
Lancs.

TO SEE YOUR BUS/NESS GROLV,
SIMPLY FILL IN THECOUPON BELOW

AERIAL AMPLI FIERS improve
weak television reception.
Price C6.70. S.A.E. for leaflets.
Electronic Mailorder, Rams-
bottom, Lancashire, BLO 9AGH.

TRANSPARENT flexibte key-
board covers allow operation 6f
computers in dirty environ-
ments. Datails from: DBM Pro-
ducts. Box 6. Melton Mowbray,
Leics. (0664 6841 5 after 4pm).

BUBGI-AR Alarm Equipment.
Please visit our 2,000 sq. ft.
showrooms or write or phone for
your f ree catalogue. C W.A.S.
Ltd.. 100 Rooley Avenue, Brad-
ford BD6 1DB Telephone
0274 308920

BUMPEf, BOX OF BITS
WOWIWe've got so many componen ts ln
stock, we ca n t possi bly lrst lhem ail - So
buya box ln it you'll f tnd resrstors, capacr'
lors drsplays, swrtches Danels wrth tran'
srstors, diodes, lC's etc,colls pois and
so on All modern parls - guaranteed al
least 1 O0O items, minimu m werg ht 1 0lbs
ONLY CB 50 inc 48 page catalogue 5Op

ELECTRONICS WORLD
1 e Dews Road, Sslisbury,

Wilts SP2 7SN

TURN YOUR SURPLUS tran-
sistors, lC's etc into cash. Con-
tact Coles Harding & Co., 103
South Brink, Wisbech, Cambs.
Tel: 0945 584188. lmmediate
settlement.

FOR ALL YOUR
NEEDS WHETHER

BUYING OR SELLING
PHONE

ASP 01 -437 1o,o2

! I ELEU I Ft(rNtult t L,UAY tN I EHNATIONAL I ;t!
I 

-- 
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! Rates of charge: 35p per word per issue (minimum of 15 words). I! -.-_-:- --:- -_--'""' I1 and postto ElectronicsTodaylntemational, Classifi rd Dept.,l45CharingCrossRoad, LondonWC2 1It
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YOU ARE NEVER FAR
FROM A

PARTRIDGE
COMMUNITY
BROADCAST

MIXER
55 Fleet Road, Benfleet

Essex SS7 5J N
Dial 03745 3381 or

O37 45 3256 for details

35 Grosvenor Boad,
Twickenham. Middlesex
TEL,01 891 1923/1513 Telex

Printed Circuit Boards
to your specif ication
f rom artwork through to
finished board

OUICK DELIVERY .
COMPETITIVE PRICES

THE SCIENTIFIC
WIRE COHPAXY

81 I Forest Fo!d. tlidq E l 7
o1-531-t568

ENAMELLED COPtr== rr' i-
SWG l lb 3:.: jrz 2ozq-94 3.63 :]3 ' .o 88p35-39 382 z,1. '.26 93p42-43 5.20 ^..a' 2 23 1 .60
44-47 8 55 5 i_1 3 49 27548 1596 93S 638 369

SILVER.PLATED COPPEF WIHE
14-30 909 5 2C 293 1 97

TINNEO COPPEF \I'iRE
14-30 397 241 1 39 094

Prices include PEP and VAT. Orderc under
t2 add 20p Dealer hquiies welcome

ELECTRON ICS TODAY I NTER NATIONAL
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E.T.l. -
ADVERTISERS INDEX

Ambitlnternational ... .......12
Audio Electronics ..... ..€
BiccVero ...53
Bimsales . ...35
B K Electronics.. ........6
BlackStar ...35
B.N.R&E.S .......81
BradleyMarshall ....8
Cambridge Kits.. .......tt8
Comtech Electronics .....16
Concept Electronics .....78
Cricklewood Electronics... .ffi,67
CrimsonElektrik ...50
Crofton Electronics ......7O
Display Electronics ......68
ElectronizeDesign. ......71
Electrovalue.... .......48
Flight Electronics .......25
Glanmire .. ..50
Greenbank. . .. . .. .53
Greenweld . . .53
G.S.C. ...29,49
Happy Memories ...78
lcs . . ......78
lLP.. ...26,36
Kelan Engineering .......63
LB EIectronics.. .......62
Magenta Electronics .....35
Maplin ....OBC
MawsonAssocs ....78
Microtanic. .......26
Midwich .. . .18
MJLSystems.... .......62
Pantechnic . . .18
Parndon Electronics .....48
Positronics. .......49
Powertran .!FC,I0,|BC
Rapid Electronics ........7
Riscomp ....43
R.T.V.C. ....49
Sparkrite ....75
Spectre .....7O
Stewartsof Reading .....52
Tapesoft ....50
Technomatic.... ......4,5
Thandar. ....42
T K EIectronics.. .......14

MAIL ORDER PROTECTION SCHEtrE

lrom Mail this
by Post in thi!
nsider you thc
become upt'

provided:

1. You have not received the goods or had your monoy
raturned; and

2. You write to the publisher ol thir publlcation explain-
ing the position not earlier than 28 days lrom thc day
you sent your order and not lalerthan 2 monthr lrom
thrt dsy.

Plcrcc do not wait until the last moment to inlorm us'
When you writ€, we will tellyou how to make your claim
md whet evidence of payment is required'

We guaranteo to megt claims lrom readers made in
lccordance with the above proceduro 8! Soon a8
pocrible aftor the advertiser has bean declared bankrupt
or insolvent to a limit ol f,1 ,800 per annum for any one
advertiser, so allected, and up to C5,400 p.a. in respect ol
ell insolvent advertisers. Claims rnay be paid lor higher
rmounls, or when the above procedures hEvo not boon
oornplied with, at the discretion ol this publication, but
u€ do not guarantee to do so in view ol the need to rel
rcme limit lo this commitment and to learn qdckly ol
rcade/s difliculties.

This guarantee covers only advance peymont cent in
direct respong€ t9 an advertisement in this mEgazino
(not, ,or example. peym€nts made in r€spon3g to c8ta'
loguas, etc, received as a result ol answering such

advertisements):

CIASSIFIED ADYERTISETENTS ANE EXCLUDEO.

Please
mention
E.T.l.

when replying
to all

adv6rts

A SA Ltd . Erook H.x rse,Tonrryton Hace, Lorxron IttClE 7l+{



Low-price
robots from
POWERTRAN
- hyd raulically powered
- m i c ro process o r co ntrol I ed

The.UK-designed and manufactured range of Genesis
general purpose robots provides a first-rate-introduction to
robotics for both education and industry. With prices from as
low as t425, even the home enthusiast cin aspiie to his or her

axes are capable of simultaneous operation
with positionalcontrol being provided by
means of a closed-loop feedbac*< /

own robot. :x3

Each robot in the Genesis'
range has a self-contained
hydraulic power source -
operated from single phase 2zl0
or 12Ov ACorfrom a12vDC
supply. Up to 6 independent
axes are capable of simulta

system based on a dedicated
microprocessor. Movement seqr.rences
can be programmed by means of a
hand-held controller or the systems
can be interfaced with an
external computer via a
standard
RS232C link.

form, The latter provides not onty
extra economy but also {
valuable additional GENESIS S101

Weight 29k9, lifting
capacity 1.5k9
4-axis model (kjt form)

GENESIS P101
Weight 34k9, lifting capacity
1 .8kg
6-axis model (kit form) 8675
6-axis complete system
(kit forml E945
6-axis complete system
(ready built) 81,650

GEitESTS
s1 01

GEl{ESIS
P1 01

ll3illl8,i?,?&"., \i-
GEilESIS
P102

S-axis model (kit form) 8475
5-axrs complete system
(kit form) 8737
5-axis complete systemg425 (ready built) 81,450

GENESIS P1O2
Weight 36k9, lift ing capacity 2kg
6-axis system(kitform) e1 175.00
6-axis system
(ready built) e1950.00
Powertran Codex
mrcrocomputer
self-assembly kit e295.00ready-built E395.00

I::=E

HEBOT II
Weight 1.8k9
complete kit with assembly
instructions 885
lnterface board kit 810

MICROGRASP
Weight B.7kg, lifting capacity
1 009
Robot kit with power
supply e 145.00

Universal computer interface
board kit G48.50
23 way edge connector 82.50
AXB'1 peripheral/BAM pack
splitter board e3.00

HEBOT II
Turtle-type



More data, more citcttiis, more
randn in
a look
ductor

Heathkit section uith descriptions and

fascinating neza items spread through the rest
ofthe catalogue.

As alalays, the MaPlin catalogue is
tremendous zsalue for monq) and nous has
pices on the Page!

Pick up a coqy at anY branch of
W.H.Smith or in one of our shops fot j*st
f,I.35 or send f I .65 including postdge to our
Rayleigh ad.dress. On sale from lst l{ozt 1983

Choose from our huge
range of value- for-
money projects. Proiects
Iike our Modem, Mosfet
Stereo Amplifier, Home
Security System, Fre-
quency Counter and
Home Computer add-
on kits. Fulfconstruction details in oui Project Books and brief

ozens of fascinating new
Keyboard for the ZX
all shifts, single- keY

9 on sale I lth November
1983. Order As XA09K. Price 70P.

Post this coupon now for your copy of the 1984 catalogue.
Price E1.35 + 3Op post and packing. lf you live outside the
U.K send 12.20 ot 11 lnternational Beply Coupons.
lenclosefl .65.

Name,....

Address.........

Openi-ng on 1st \ovember 1983. our new
south coast store is at *6--18 Bevois Valley
Road, Southampton Tel: 0703 25831). You
will find our full range of components,
projects and computers on sale. \We are within
easy reach ofrhe citl'cenue rvith good parking
close by Call in and see us soon.

lRfiltRlPl!fln EE?r?"r%
Mail Order: P.O. ssex SSO uthend
(0702) 552911 a 1 King St rsmith,
London w6. Tel I Oxtord hester.
Tel: 061-236-0281 O Lynton Square, Perry Barr, Birmingham.
Tel : 021 - 356 7292 a 282-284 London Road, Westcliff - on - Sea
Essex. Tel: 0702 554000 a '46-48 Bevois Valley Road,
Southampton. Tel: 0703 25831.
'Opens 1a Ail shops closed MondaYs.
All prices d carriage. Please add 50p handling
charge to total value (except catalogue).


