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SAVE ON THE
PRICE OF YOUR
COLOUR PRINTS!
with the Practical Electronics
Colour Print Service

While prices go up elsewhere,
Practical Electronics makes a
bargain offer in its Colour Print
Service. Now you can have as
many films printed as you like,
including Giant Superprints, at
only 12p a print. There is no
developing charge and just 25p
towards postage and packing.

At this new price, the
magazine Colour Print Service,
already used by hundreds of
thousands of readers, is as fast
and efficient as ever. Here's all
you have to do to enjoy its
advantages.

Send any make of colour print
film, including disc film, inside
the envelope enclosed with this
issue. Or fill in the coupon below
and send with your colour print
film in a strong envelope to:
Practical Electronics Colour
Print Service, FREEPOST,
READING RG1 1BR. No stamp
is required.
SEND NO MONEY

We are so confident in the
reliability of our service and the
quality of our prints (each one
date -stamped with the month
and year of developing) that you
don't pay until you've seen them.
LUXURY COLOUR PRINTS

You will be amazed at the
beautiful colours and sheen
finish of these prints. They have
elegant rounded corners and are
borderless to give you maximum
picture area. And with the Giant
Superprints, you get 30 per cent
more picture area than the
standard enprints at no extra
cost!
Offer excludes Black & White. transparency, sub -miniature. C22& Agfa CNS film.
Superprints can only be produced from 1Codacolour II, C4I anisette, cartridge and disc
Sim not half frame. Prices correct al [fine of going to press.

I
1. Ise

this label if
you have no
envelope, or pass
it to a friend.
It Ls used to
pack your
prints.

UNBEATABLE VALUE
All you pay for the Colour

Print Service is 12p for each good
print received plus 25p towards
postage and packing. The most
you would pay us for processing
and printing a 24 -exposure film
for example is 13.13. Compare
that with the price you would pay
in the shops.
FREE ALBUM PAGES

With each film we process,
you receive an album page
voucher. Collect and return three
vouchers, and you receive a set
of FREE album pages to fit into
our specially designed album for
any size of print up to 4in. by 6in.
HOW YOU BENEFIT

You benefit in three ways.
Firstly, you pay nothing for the
actual processing-only for
prints and postage and packing.
Secondly, you enjoy a personal
service with every care taken
over each individual order. And
thirdly, you pay only for what you
get- with no credit vouchers as
with many other companies. An
invoice comes with your prints,
so it is a straight business
transaction.
48 HOURS IN -LAB SERVICE

Your films will be processed
within 48 hours of receipt, but
please allow for postal delays.

The price of this offer is
limited to the U.K.
 C41 Process cassette and cartridge

film only.

FILMS AT
REDUCED
PRICES
Always keep your
camera action -
ready. Order
replacement films
at our specially reduced
prices: 110/24,126/24
or 35/24 at £1.23 a roll,
or three for £3; disc/15,
£1.30 each (no quantity
discount).

Ifyou have any queries,
contact our Customer Service on Reading (0734)597332.

I
To: Practical Electronics Colour Print Service
FREEPOST, Reading RG I IBR

 Please print my film Superprint size 
Standard Enprint size 

If film is being ordered  Please send me
of 110/24 of 126/24 of 35/24 of disc/ I5 

 Tick box(es) as required.

From: Practical Electronics Colour Print Service
FREEPOST, READING RG1 IBR

Mr/Ms

Address

Postcode
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CONSTRUCTIONAL PROJECTS
555/741 TESTER by Stephen Ibbs 22
Function tester for two well known devices
SOFT ERROR DETECTION AND CORRECTION BOARD by A. Trebar 32
A more reliable memory system for your computer
GUITAR ACTIVE TONE CONTROL by A. Scragg 39
Frovides crisper sound and larger tonal range
GROUND COMMUNICATION SYSTEM by R. A. Penfold 42
A battery operated transceiver for subterranean communications
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SPEAKERS
811. 0 3W. 2' 2 25". 2-5".
3'
0 3W, 2 5' 4011. 6411 or
8011

80p

80p

DIODES
AA119
AA1 29
AA930
BA100
BAX 13
8Y100
BY126
BY127
CR033
OAS
0547
0A70
0A79
0581
OAB5
0590
0,491
0A95
0A200
08702
15914
15916
154001/2
1 54003
1N4004/5
1N4006/
1411148
155401
150404
INS406
155406
1544
15921
6A/1000
65/4000
6A'800V

15
20
15
15
20
24
12
12

250
40

1

1

2
1

40
50
65

BRIDGE
RECT1RERS
(plastic case)
1A/50V 18
1A/100V 20
1A/400V 26
1A/600V 34
2A/50V 30
2A/200V 40
25/4001/ 46
7A/6005 65
6A/100V 8.3
6A/400V 95
6A/600V 125
10A/200V 215
10A/600V 298
255/2005 240
255/6000 395
BY164

56VMI8 SO

ZENERS
Range 7V/ to
39V 400mW

each
Range 3V3 to
33V 1 3W

111p each

OPTO
LEDS price includes Clips

TI1.209 Red 3mrn 10
T1L211 Green 3rTirn 14
TIL212 Yellow 14
TIL220 7 Red 12
0 7 Tel, Gm, Amber 14
Rectangular LEDs with
two part clip. R G & 'I 29
Rectangl Stackable
LEDS 18
Triangular LEDs R5G 18
02' FlaShing LED Red 56
0 2' Bi colour LEDs
Red/Green 65
Green/Yellow 95
02' To colour LEDs
Red/Green/Yellow 99
0 I" Red High Bright 59
L0271 Infra Fled (emit) 46
TIL32 Infra Red (emit) 52
SFH205 (detector) 118
TIL 781 detector) 54
TIL38 45
TIL81 82
TIL100 90

7 Segment Display*
TIL321 5- C.An
TIL322 5' Cth
OL704 r C Cth
01707 7 C Anod

50357 or 500
VARICAPS 3' Greer C
MVAM2 165 1 r Red Green
68102 30 Barpraph 10 sog Red
BB10513 40 Bargraph NSM39 14
66106 40

115
115
99
SI/

120
140
150
225
500

05 UOUIO
CRYSTAL
DISPLAYS
3; clop 495
4 digs 530
6 digit 625

BP0 25
BPW21
IL74
ILD74
11074
TIL1 1 1

OCP71
C1RP1 2

755777
4533
Pin diode
Schmitt
Fnonver

195
295
45
99

185
65

120
78
45

135
610

620

OPTO
SWITCH

11039 170
Slotted similar
to RS 186

VOLTAGE REGULATORS
1A 10720 Plasbc Casing

 ve Ve
5V 7805 40p 7905 45p

12V 7812 40p 7912 45p
15V 7815 40p 7915 45p
18V 7818 40p 7918 45p
74V '824
100mA 1-092 Plas:.c!asing
5V '8105 30p 791_05 60p
6V 78167 30p
8V 78187 30p

12V 78112 30p 791_12 60p
15V '8L15 30p 79115 60p

ICL7660 248 LM31 7K 320
78505 5V/SA 550 LM317P 99
781112 12V/5A 580 LM323K 500
78HG 45 to LM337T 175
 24V SA 599 LM723 35
79116 225V 10 TBA6258 75

24V 5A 686 RC4194 375
LM309K 120 RC4195 160

O IL
SOCKETS

Low Wire
profile wrap

8 pin Be 25p
14 pin 10p 35p
16 pin 10p 42p
18 pin 18p 52p
20 pin 20p 60p
22 pin 22p 65p
24 pin 25p 70P
28 pin 28p 80p
40 pin 30p 99p
ZW DR. SOCKET
16 way 475p
24 way 575p
28 way 850p
40 way 975p

ULTIMUM
WATFORD'S most versatile MICRO
EXPANSION SYSTEM. Interfaces
with: APPLE, ATOM, DRAGON, PET,
RESEARCH MACHINE, SPECTRUM,
SUPERBOARD, VIDEO GENIE, ZX81,
etc. As published in P.E. starting
from Nov., 1982.

Send SAE for details.

SCR's
Thyristors
08A 100V 32
5A/360V 38
5A/400V 40

8A:300V 60
8A/600V 95
12A/100V 78
125/4005 95
12A/8005 188
BT106 150
81-116 180
C106D 38
TIC44 24
TIC45 29
TIC47 35
2550E4 38
254444 130

FERRIC CHLORIDE
TRIACS Crystals ill
3A/100V 48 1969 Odor
3A/400V 56
35/8000 85
8A/100V 60
8A/400V 69

DALO ETCH RESIST
Pen plus spare tip 1009

ALUMBOXES
4 . 24.7 85
4.21.2r 103
4.4.24' 120
5.4x7 105
5.23"11' 90
5.2.1.2r 130
5x4r11* 99
5 .4, 2;' 120
6.4r7 120
6.4.3' 150
7,r5r3" 180
6.6.3' 210
10.48.3' 240
10.7.3' 275
12r5.3' 260
12 .8 . 3' 296

5A/B000 115 COPPER CLAD BOARDS17A/100V 78 Fibre Single- Double

12A/BOOV 135
165/1001/ 103
16A/400V 105
16518000 220
254./ 400V 185
25A/800V 295
25A.10060

480
30A/400V 525
T28000 120

Glass sided sided
6'. 6" 100p 125p
6".17 175p 225p

SRBP
9 5'.8 5'

110p

SOLDERCON
PINS

100 75p
50C 370p

VEROBOARDS 0 1
Clad Plain

2i  34" 85p -
7;  5- 100p -
34  31" 100p -
34 5' 115p 95p
31.17" 390p 276p
44.18' 495p -
Pitt of 100 p.ns 55p
Spot Face Cutler 150p
Pin Insertion Tool

185p

VD' Board 180
'DIP Board 374
Vero Strip 144

PROTO-DECs
Veroblock 405
S Dec 350
Eurobreadboard 520
Eitmboard I 696
Superstnp SS2 E13

SWITCHES
SLIDE 250V
IA DPDT
lA DPDT C/OFF
,A DP onion/o,

PUSH BUTTON
Spring loaded
Latch;ng cx
Momentary 6A
SPOT cover
DPDT r'nyer

14
15
40

99
145

MINIATURE
Non Lobbing
Push to make 15p
Push break 25p

TOGGLE 2A 250V
SPOT 33
DPDT 44
4 pole on off 54
SUB -MIN
TOGGLE 2 sow
SP changeover 60
SPOT on off 54
SPOT cion 86
SPOT Biased 105
DPDT 6 tags 75
DPDT C/OFF 88
OPOT on/on/on 186
DPOT Biased 148
3 pole cover 205

ROTARY: (Adlustalsle Stop Type)
1 pole/2 to 12 way. 2p12 to 6 way. 3 pole/
2 to 4 way, 4 pole/2 to 3 way 45p

ROTARY, Mains 250V AC, 4 Amp 549

OIL SWITCHES: ISPST) 4 way 66p.
6 way 80p; 8 way 87p; 10 way 100p.
ISPDT1 4 way 190p.

DN, PLUGS IHeeders)
Pins Solder IDC
14 38p 95p
16 42p 100p
24 88p 138p
40 195p 218p

RIBBON CABLE
(price par foot.

Ways Grey Colour
10 15p 28p
16 25p
20 30p
26 40p
34 80p

4?1

70p
6 100p

40p
SOp
65p
85p
90p
135p

IDC CONNECTORS (Speed block rypel
PCB Male Female
with larch Header

2 rows Sul Angle Socket
Pins 8111

10 way 90p 99p 85p
16 way 130p 1509 1109
20 way 145p 166p 125p
26 way 175p 200p 150p
34 way 205p 236p 169p
40 way 220p 250p 190p
50 way 235p 270p 200p

Female
Card -Edge
Connector

120p
195p
240p
320p
340p
420p
470p

EURO FEMALE
CONNECTORS SOCK F TS

Str! Angle
DIN 41617 31 way 170p -
DIN 41612 2.32 way 275p 3209
DIN 41612 2.3.32 way 295p 340p
DIN 41612 3.32 way 360p 385p

MALE
PLUGS
Sot Angle

1759
220p 285p
240p 300p
2609 395p

AMPHENOL PLUG

24 way IEEE
36 way Centronics

IDC Solder
475p 450p
525p 485p

'D' CONNECTORS
Pins 9 15

way way
25 37

way way
MALE
Solder 80p 110p 1609 240p
Angle 1509 210p 250p 355p
Strait 170p 160p 220p 310p

FEMALE
Solder 105p 160p 200o 338p
Angle 165p 215p 290p 440p
Strad 175p 200p 300e 420p
COVERS 80p 75p 75p 90p

IOC 25 way Plg 385p, Ski 450p

TRANSFORMERS Imains Prim 210 2400
3-03V. 6-0-6V 100mA. 941-90 75rnA.
12-0.12V 75mA, 15-0-15V 75mA 98p
6VAr 2x6V- 5A. 2x9V- 4A 2.12V-0 3.A:
2.15V- 255 2209
12VA: 7x41/5 1 3A. 2x6V1 2.17V- SA
2x15V- 4A 295p 135p p&p
24VA: 6V-1 5A 61/-1 SA: 9V-1 2A 9V-1 7A,
12V -IA 17V1A, 15.8A 15. SA, 20V -6A
20V- 6A 330p 1600 P&P
50VA: 2 ..6V -4A; 2 ,f9V.2 SA: 7.129.28. 2. 15V
1 5A, 2  20V1 25:2 4251/.2A. 2 '30008A

46691600 P&P'
100VA: 2 r 12V -4A, 1  15V3A. 1,20V-2 5A

2  30V 1 5A, 2  40V-, 25A; 2  50V -1A
920p I60p p&p

ASTEC UHF MODULATORS
6MH: Standard 325p
8MHz Wideband 450p

DIAC
ST2 2

VERO WIRING PEN and Spool 350p
Spare Wae Spool) 75p; Combs Bp ea
Wire Wrapping Stakes 188 250p

COMPUTER CORNER
 SEIKOSHA GP100A - Unihammer Printer, nor-

rnal & double width characters, dot resolution
graphics 10" Tractor feed, parallel interface stan-
dard. FREE 500 Sheets £175

 SEIKOSHA GP 250X Printer £230
 SEIKOSHA GP -700 The 7 colour graphic printer
at the price of a standard Dot matrix printer. A unique
4 hammer method enables text & high res graphics
to be drawn in 7 basic colours or 30 shades. 7 x 8
matrix. Up to 106 char. per line at 50 CPS. Variable
line spacing to 1/120". Tractor or Friction feed. Cen-
tronix interface standard.

 ORIC-L 48K now available. £99

 SOFTY - 2. The complete Microprocessor devel-
opment system. Accepts any 24 pin 5V
EPROM. £189

 ZENITH 12" Hi-RES, Green Monitor 40;80 col-
umn select switch, value for money. £75

 MICROVITEC 14 r-olour monitor. RGB input.
Lead incl. £249

 TEX EPROM ERASER. E rases up to 32 ICs in 15-
30 min £33

 TEX EPROM ERASER with the Solid -State 30
minute Electronic Timer £43

 SOUD STATE 30 minute Electronic TIMER
for above UV Erasors £14

 Spare 'UV lamp bulbs £8

 POWER SUPPLY Regulated, Variable from .-5V
to +15V 4A. Fully Cased £39

 MULTIRAIL PSU KIT. Output: 5V/5A; +12V;
+25V; -5V, 12V @ 1A. £40

 4 x 4 matrix keypad (reed switch assembly) £4

 C12 COMPUTER Grade BASF Cassettes in
Library Cases 40p

 81" & 9i" Fan fold paper (1000 sheets £7 (150p)
 Teleprinter Roll (no VAT) £3.50

(P&P on some of the above items is extra)
Call in at our shop for demonstration of any of the
above items Be satisfied before you buy.

NEW NEW NEW
BROTHER 8300 DAISEY

WHEEL PRINTER/
TYPEWRITER

Provides very high quality
type in any six interchange-
able styles including Italics,
Script and 4 conventional
typefaces. It is therefore
ideal for business use. It

connects directly to a BBC
Micro via standard centron-
ics interface or can be used
as a stand alone typewriter.
As typewriter, it has a built
in timing function to mea-
sure the operator's speed
making it ideal for teaching
or invoicing jobs correctly.
Friction feed; 11 CPS; 12"
max width; 5 different col-
our ribbons. Only: £399.

 EPSON FX80 10"
160cps, Tractor/Fric-
tion, Bi-directional,
logic seeking, 9 x 11

matrix, Hi-res bit im-
age, normal, italic &
elite char. Super &
subscript Proportion-
al spacing. Underlining.

£395 (£7 carr.)

ANTEX
Soldering
Irons
Cl5W 495
G5I7W 495
G18W 520
0525W 525 Just phone
Spare bits es your order
Elements 225 through, we
Iron stands 175 do the rest.
Hear Shunt 30 0923-50234

SS.
Sock.
Bockats
01"
20 way
689
32 way
95p

CRYSTALS
32 768K11: 100

235
200KH: 268
455611: 370
'MHz 275
1 OCOM 275

28M14, 392
1 5MHz 420
1 6MH: 395
1 8MHz 395
1 843261 200
2 OMHz 225
7 4576M 200
2 5MHz 225
2 5625CM 220
3 2768M 150
357954M 98
3 6864M 300
4 OMHz 150
4 032MH: 290
4 194304M 200
4 4336195 100
4606511, 200
4 190MH: 200
5 OMH: 160
5 185MH: 300
5 24288M 390
6 OMHz 140
6 144511: 150
6 55365Hr 200
7 OMH: 150
7 168MHz 250
7 68MH: 200
8 OMH: 150
806333M 395
8 867237M 175
9 WWI: 200
9375511, 350
10 OMH: 175
10 5MH: 250
10 7MHz 150
10 2455: 200
'2 OMH: 175
12 528M H: 300
1431818M 170
14 74565 175
1476$55, 250
15 OMH: 200
16 OMHz 200
18055. 180
184320 150
19 968511, 150
20 OMH: 200
24055, 170
24 930511: 325
29 695MHz 150
2667055, 325
27 12505: 295
27145M 190
27 64805, 300
38 66687M 175
48 0M11: 175
55 5511: 400
1 00MH: 295

160MHz 300
14585Hr 225

EDGE CONNECTORS
156'

2.10 wa, - 135p
2.15 way - 140p
2.18 way 1806 146p
2.22 way 1990 200p
2.23 way 170, 190p
2.25 way 225p 280p
2.28 way 2109 -
2.30 wiry 246p -
2.36 way 296p -
2.40 way 315o -

43 way 395p -
2 75 way 550p -

JUMPER LEADS Ribbon Cable Assembly
D,L Plug ,Headers,
Single Ended Lead 24" long
Length 14pin 16pin 24 pin 40 pin
24' 146p 1115p 240p 325p
Double Ended Leads

6" 185p 205p 300p 465p
17' 198p 215p 315p 490p
24' 210p 235p 345p 5401,
36' 230p 250p 375p 59Lp

IOC FEMALE RECEPTACLE Jurnpe, Leads 36"
20pin 26pIn 34p,n 40pin

1 end 160p 2009 260p 300p
2 ends 290p 370p 480p 525p

BBC MICROCOMPUTER &
ACCESSORIES

Model A £299; Model B £399 (incl. VAT). We stock the
full range of BBC Micro peripherals, Hardware & Soft-
ware like, Disc Drives (Top quality Cumana & Mitsu-
bishi), Diskettes, Printers, Printer Paper, Interface Cable,
Dust Covers. Cassette Recorder & Cassettes. Monitors,
Connectors (Ready rnade Cables, Plugs & Sockets(, Plot
ter (Graphic Tablet) EPROM Programmer, Lightpen Kit.
Joysticks, Sideways ROM Board, EPROM Eraser,
Machinecode ROM, The highly sophisticated Watford's
16K BEEB DFS, WORDWISE, BEEBCALC, Software (Edu-
cational Application & Games), BOOKS, etc. etc. Please
send SAE fur our descriptive leaflet.

 CS50A - TEAC Cased with own Power
Supply, S/S, 40 track, 5i", 100K £170

 CD50A - TEAC Twin Cased with own
PSU, S/S, 40 track, 54", 200K £330

 CS50E - TEAC Single Cased with own
PSU, S/S, 80 track, 524", 200K £250

 CD5OE - TEAC Twin Cased with own
PSU, SiS, 80 track, 51", 400K £475

 SINGLE MITSUBISHI Slim line - Cased
with own PSU, DS/DD, 1 Megabytes
(400K with BBC) £275

 TWIN MITSUBISHI Slim line - Cased
with own PSU, DS/DD, 2 Megabytes535

(800K with BBC)
 Single Drive Cable for BBC Micro £8
 Twin Drive Cable for BBC Micro £12

5 year warranty on VERBATIM Diskettes
 10 Verbatim Diskettes, 5k". S/S £20
 10 Verbatim Diskettes, 5", D/S £30

(2 year warranty on WABASH Diskettes)
 10 WABASH Diskettes, 5:4", S/S £15
 10 WABASH Diskettes, 51", D/S £25

WATFORD ELECTRONICS
Tel. (0923) 40588 Telex. 895609



Remember our low-cost mobile robot?

Technical
Training in
Radio,
Television and
Electronics
ICS have helped thousands of ambitious people to
move up into higher paid, more secure jobs in the
field of electronics -- now it can be your turn.
Whether you are a newcomer to the field or already
working in the industry, ICS can provide you with
the specialised training so essential to success.

Personal Tuition and Guaranteed Success

The expert and personal guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful is the key to our outstanding record in
the technical training field. You study at the time
and pace that suits you best and in your own
home. In the words of one of our many successful
students: "Since starting my course, my salary has
trebled and I am expecting a further increase when
my course is completed''.

CITY AND GUILDS CERTIFICATES
Excellent job prospects await those who hold one
of these recognised certificates. ICS can coach
you for:
Basic Electronic Engineering (CEtG/ICS)
Radio Amateurs
CERTIFICATE COURSES
TV Et Audio Servicing
TV, Radio and Audio Engineering
Radio Et Amplifier Construction
Electronic Engineering*
Computer Electronics*
Industrial Electronics*
Radio Frequency Electronics*
Electrical Engineering*
Electrical Contracting Et. Installation
Clualsfy for IET Associate Membership

?ci

CACCI
Approved by CACC

ICS
Div National Education

Corporation Member of ABU_

POST OR PHONE TODAY FOR FREE BOOKLET

i Please send me your FREE School of Electronics Prospectus ISubject of interest

II Name I
IAddress I
I

)1ICS

I
L.273

! ICS Scitiool of Electronics 01 6229911 I160 Stewart' Road (All Hours)
London SIM &Li VP

. Mill INN MI ON 11111.1 MI MI MI 11.11 MI MI MI NI NJ

2E61-11ER iTliERTILIPITLE
 Compact and rugged

mobile robot, 5} x 5 x 2"
with two DC motor drive.

 Can be driven direct
from the BBC micro and,
using the special inter-

* faces available, from
ZX81 and Spectrum (can
be adapted for use with
other micros).

 Touch sensors register
collisions so the robot
can take avoiding action.

 Specially -written soft-
ware includes learning

h4
program. Currently
available for ZX81/Spec-
trum and BBC (others to
follow).

 Computer -controlled, re-
tractable pen lets
ZEAKER trace its path.
Logo software now
available for Spectrum.

 LEDs and two-tone horn under computer control.
 2 meter umbilical cable linking the robot to its control

station/power supply. Requires 4 x 1.2 volt Nicad C -cells
(not included in price).

 Available as a kit or assembled, at prices unmatched by any
other turtle! Includes umbilical cable, control station and
manual. (All software, and interfaces for ZX81/Spectrum
extra).

EOLilE POECITIES Eo. Ltd.
BEAUFORT RD., OFF RICHMOND RD., EAST TWICKENHAM TW1 2PH

ORIC AND SINCLAIR COMPUTERS

Om 148K computer (147 (LIM). Onc I

16K n/a (n/a). Sinclair Spectrum 48K
L113 (( 133 ). Spectrum 16K L86.91
(L107). 32K memory upgrade kit for 16K
Spectrum (Issue 2 only) L26.09 (L28).
Fuller master unit for the Spectrum includ-
ing speech synthesizer. sound synthesizer,
amplifier and ioystick ports L47.78 ((56).
ZX microdrive n/a (n/a). ZX rs232 n/a
(n/a). Keyboards with space bars for the
ZX81 and the Spectrum 06 ((41). ZX
primer L34.74 (L50). S printer rolls
L10.43 ((16). ZX8 I (43.43 (LS2). Z X8 I
16K ram packs 126.04 ((2.1). New luxury
spectrum computers 48K with full sized
typewriter keyboards complete with nor-
mal space bar enclosed in a larger plastic
cue which also houses the power supply
and the computer pcb 1138.20 (L174).

COMMODORE COMPUTERS
Commodore 64 L299 ((309). Special offer
package V,c 20 - cassette recorder basic
course  4 games LI21 (L 149). Convertor to
allow the use of most ordinary mono cassette
recorders with the V,c 20 and the Commo-
dore 64 built L8 (L9), kit C6 ((7). Commo-
dore cassette recorder L36-50 (L44). We
stock most accessories

OTHER COMPUTERS
Colour Genie L168 (1178). BBC Model B
L424 (L440). Texas T I 99/4A L139
(L169). Atari 800 L347 ((300). Atari 400
16K with basic £173 (L21S).

PRINTERS

New Epson RX80 L279 (L309). The Epson
MX8OFT/3 has been replaced by the almost
identical CTI CP80 L251 (L271) and the very
similar Star DP5I0 L251 (L271). Epson FX80
L378 (L408). Epson MX 100/3 4425 (I465).
New Star DPS I S IS" carriage printer L346
(L386). Seikosha GPIOOA (199 (L219). Oki
Microline80 L207 (L227). Ok, Microline82A
L360 ((400). Oki Microline 84 L730. 01.
Microline 92 L470. The Silver Reed. the latest
miracle. a combined daisy wheel printer and
electric typewriter for only £385 (L425). Juki
6100 proportional daisy wheel printer L364
(L404). MCP 40 colour printer LI39 ((159).
Star STX 80 thermal printer L139 ((I59).
We can supply interfaces to run all the above
from Sharp Computers.

SWANLEY ELECTRONICS
Dept PE, 32 Goldsel Rd., Swanley, Kent 6R8 8EZ, England.

Please allow 7 days for delivery
UK prices are shown first UK customers must odd postage ((I on Sinclair products, (3.30 on other
computers and disc drives and 1.50 CM other printers) and the 15% VAT. The bracketed prices
ore European export prices and include insured airmail postage to all the countries of Europe
including Norway, Sweden, Finland, Denmark. Spoon and Italy No VAT should be added to export
prices We are the leading computer export specialist Official UK credit orders welcome from

government laboratories and educational establishments.
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Stepy-step
fully

illustrated
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with circuit descriptions.
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AT -80

NOW AVAILABLE IN KIT FORM

Electronic Car Security System
 Arms doors boot bonnet and has security loop to protect

fog/spot lamps radio, tape. C8 equipment
 Programmable personal code entry system
 Armed and disarmed from outside vehicle using a special

magnetic key fob against a windscreen sensor pad adhered to
the inside of the screen  Fits all 12V neg earth vehicles

 Over 250 components to assemble

ME MIN

S X 1 000
Electronic Ignition

 Inductive Discharge
 Extended coil energy

storage circuit
 Contact breaker driven
 Three position changeover switch
 Over 65 components to assemble
 Patented clip -to -coil fitting
 Fits all 12v neg earth vehicles

SX2000
Electronic Ignition

 The brandleading system
on the market today

 Unique Reactive Discharge
 Combined Inductive and

Capacitive Discharge
 Contact breaker driven
 Three position changeover switch
 Over 130 components to assemble
 Patented clip to -coil fitting
 Fits all 12v neg earth vehicles

SPECIAL OFFER
"FREE" MAGIDICE KIT WITH
ALL ORDERS OVER £4500

VOYAGER Car Drive Computer
 A most sophisticated acc ?.ssory  Utilises a single chip mask
programmed microprocessor incorporating a unique programme
designed by EDA Sparkrite Ltd  Affords 12 functions centred
on Fuel Speed Distance and Time  Visual and Audible alarms
warning of Excess Speed. Frost/Ice. Lights -left -on  Facility to
operate LOG and TRIP functions independently or synchronously
 Large 10mm high 400f fluorescent display with auto
intensity  Unique speed and fuel transducers giving a
programmed accuracy of 4 or - 1%  Large LOG & TRIP
memories 2 000 miles 180 gallons 100 hours  Full Imperial
and Metric calibrations  Over 300 components to assemble
A real challenge for the electronics enthusiast,

TX1002
Electronic Ignition

.mun.tiess Dr contact tnygered
 i.Ltended coil energy storage circuit
 Inductive Discharge  Three position
changeover switch  Distributor
tnggerhead adaptors included  Die cast
weatherproof case  Clip -to -coil or remote
mounting facility  Fits majority of 4 & 6 cyl.
12V. neg. earth vehicles  Over 145
components to assemble.

"Jit TX2002
Electronic Ignition

 The ultimate system  Switchable
contactless  Three position switch with

Auxiliary back up inductive circuit
 Reactive Discharge Combined capacitive

and nductive  Extended coil energy storage
circuit  Magnetic contactless distributor trigger
head  Distributor triggerhead adaptors included

 Can also be triggered by existing contact breakers
 Die cast waterproof case with clip -to -coil fitting  Fits

majority of 4 and 5 cylinder 12v neg earth vehicles
 Over 150 components to assemble

SPARK RITE nmdiicts and desitp.

INN MEI
SPARKRITE 82 Bath Street, Walsall. West Midlands, WS1 30E England.

SELF
ASSEMBLY

KIT

SX 1000 112 95

SX 2000 t 19 95

TX loot I 22 95

TX 2002 L 32 95

AT 80 32 95

VOYAGE R 164.95

MAGIDICE 1995

PRICES INC VAT POSTAGE & PACKING

I= IMO lM

NAME_
ADDRESS -

note Woth1

MAGIDICE
Electronic Dice

 Not an auto .ten. b..1 weat
I,/ the farm],

 Total random selection
 Tt.ggefed by waving ot na.,1

over d.,
 Bleeps and Pasnes

sequence
 Throw d.spiaved op,
 Auto c1,5p1ay of last tn,oa.
 Mutong and Ott sw.lcb on base
 Hours of cont,nuous use bon. PP, bane,.

tOC components to assetnNe
SPARKRITE, 82 bath St . Walsall, W Midlands WS1 3DE

MEI 1111.salt MN
(0921) 6 14 79 1 Allow 18 days lor debve

PE.9.83

I ENCLOSE CHEQUEIS,/POSTAL ORDERS FOR

KIT REF

CHEQUE NO

PHONE YOURORDERWiTH
SEND ONLY SAE IF BROCHURE IS REQUIRED

1111. CUT OUT THE COUPON NOW!

I it .11 I Iv,



Where
on Earth

can
obtain

top vaIrty
Iransrstors

Capac.rtors,

Resistors Cases,

Cable,
Fuses , Bulbs

Plugs ,

Sockets ,
Nuts ,

Bolts , Cods

Chokes
est Instruments

Books
all at a price I can

afford

ELECTRONICS LIMITED
22 STATION ROAD. TWyFORD, near READING. BERKS.

Telephone 0734 340333

CLEF ELECTRONIC MUSIC
MICROSYNTH
2i Octave Music Synthesizer with two
Oscillators. two Sub-Octs. Switched Rout-
ing and Thumbwheel A comprehensive
instrument offering the full range
of Synth. Music & effects,
FULL KIT E137 Also available in 3 parts

PERCUSSION
MICROSYNTH
Two Channel touch Sensitive unit plus
variable angle L.F.O., phase., internal

and external triggering
KIT E89

'Published in P E I

BAND -BOX

88/72 NOTE PIANOS
SPECIALISTS SINCE 1972

Using Patented electronic technique to give ad-
vanced simulation of Piano Key Inertia.

PROGRAMMABLE
BACKING TRIO

CABINET THREE PIECE BACKING BAND
E32 Generates the sounds of three
Published instrumentalists to back Soloists
in P.E.) DRUMS + BASS + KEYBOARDS
Over 3,000 chord changes 160 scores) on 132 different
chords - extendable to 200 scores. Master Rhythm also

required.
FULL KIT £235 EXTENSION E82

COMPONENT KITS
including Keyboard

88 NOTE E266
72 NOTE £234
The above may also be
purchased in four parts.

DOMESTIC KITS
inc. Cabinet, P A., & Spkr

88 NOTE E442
72 NOTE f398

STAGE MODEL
inc. Cabinet & Stand

72 NOTE E383
ALL PRICE .INC VAT CARR & TELEPHONE ADVICE
5.4E for full Specs & MANF. PRICES VISA -ACCESS
Competdrve quotations can be Sven for export.
Please allow 3-14 days for normal despatch

CLEF PRODUCTS IELECTRONCSI LIMBED
(Dept PEI

44A BRAMHALL LANE SOUTH BRAMHALL
STOCKPORT CHESHIRE SK7 1AH

TEL 061 439 3297

iDublished in P E

MASTER RHYTHM
PROGRAMMABLE DRUMS

Twenty -Four Rhythm programmable
Drum Machine with twelve instruments
Eight sections are extended to 24/32
measures for two bar programming Se-
quence operation and instrument tone
adjust
COMPLETE KIT
STRING ENSEMBLE
ROTOR.CHORUS

f79
f 198 50
E98 00

SQUARE FRONT KEYBOARDS
88 NOTE f60 49 NOTE E29
73 NOTE E50 30 NOTE E19
KEYSVVITCN ITEMS ALSO AVAILABLE

FREE CATALOGUE! E

A
D

OUR GREAT NEW ILLUSTRATED CATALOGUE IS
PACKED WITH INFORMATION ON SUPERB QUALITY,
PROFESSIONAL BURGLAR ALARM EQUIPMENT

AT UNBEATABLE PRICES!
SEND SAE OR PHONE NOW FOR YOUR COPY

THIEFGHECK BURGLAR
ALARM 0 I Y SYSTEM

MAIN
<TIM DISTRIBUTOR

A.D ELECTRONICS
DEPT PE
217 WARBECK MOOR
'AINTREE LIVERPOOL
'L9 OHU/051 523 8440

Modem Kit
Only £39.95

' CCITT standard
 300 baud full duplex

Direct connection:- greatly reduces data loss associated with
acoustic couplers

 Powered from phone lines therefore no power supply
required

' Opto coupled data in and data out for intrinsically safe
operation

Build it yourself for £39.95 including VAT and postage (note -
case not included).

Racom Ltd, Dept. C,
81 Cholmeley Road, Reading, Berks RG1 3LY

Tel: 0734 67027
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21-PAK BARGAINS
DEE CONNECTORS GOLD

PLATED
Order No. Price Ea

Plugs 9 way 1747 10.80
15 way 1748 11 10

1160
Sockets 9 way 1750 El 10

15 way 1751 ft 60
25 way 1752 12 10

Lovers 9 way 1753 fl 40
15 way 1754 11.40
25 w. 1755 11 40

E ONNECTORS GOLD
PLATED

Suitable for Order No
ZX81 23 way 1756
Spectrum 28 w. 1757

Price Ea
El 85
12 10

25 way multecoloured
Order No. Price Ea

1758 11.50
er metre)

D.I.L PIN HEADERS
Gold pin for high contact reliability.
Insulating covers included.
Pins Order No Price Ea
14 2227 60
16 2229 .65

LOW PROFILE
D.I.E. PCB Order No. Price Ea
8 pin 1601 oo

14 pin 1602 10
16 pin 1603 11

18 pin 1601 16
20 pin 1605 18
22 pin 1606 22
24 pin 1607 24
28 pin 16013 27
40 nn 1609 .30

LTA E RE ULATORS
100 MA TO -92 Case
POS + Order No. Price Ea

5V 78L05 28
I2V 78112 /8
15V 78115 28
I8V 78L18 28
24V 78124 .28
NEG - Order No. Price Ea

5V 79E05 55
12V 79112 55
15V 791I5 55
18V 79118 .55
24V 55
1 AMP TO -220 Case
PUS + Order No. Price Ea

5V MVR7805 40
I2V MVR7812 40
15V MVR7815 40
18V MVR781E 40
24V MVR7824 40
NEG - Order No. Price Ea
5V MVR7905 50

12V MVR7912 50
15V MVR7915 50
18V MVR7918 50
24V MVR7924 50

E L E I IRONS
AND ACCESSORIES

Soldering Irons
Model Order No. Price Ea
XS 25 Wan 1931 1520
C230 17 Watt 1972 E5.30
C250 15 Watt 1948 E4.60
MLX 12V 25 Wan 1925 15 46
SKI Kit 15 Watt 1938 16.95

ENT BITS
ELEMENTS

FOR MODEL SX & X25
Size Order No.
4"13(nnal 1932
3/16'14 Imml 1933
3132" 23mml 1930

Element 1935

FOR MODEL C230
Size Order No.
3/32" 123mm) 944

945
946
924
969

3/16" 14 7mml
3/64" Ilmm)
Element
FOR MODEL C250
3/32"123mml
5/32" 14mrn)
3/16" 14 7mml
3/64" (l mm)

Price Ea
1065
E0.65
10.65
E2 10

Price Ea
10 65
10 65
10 65
10 65
12.10

949 10 65
950 10 65
951 10 65
970 10 65

Element 952 E180
FOR MODEL MLX Order as Model SX
FOR MODEL SKI Order es Model CX2210

ANTEX ST4 IRON STAND
For all ANTEX SOLDERING IRONS

Order No. Price Ea
1439 II 60

131 -PA

AEG-TELEFUNKEN 7 SEGMENT LED
DISPLAYS

10mm 4 inch 10 pin OIL
R/H decimal point

Corn Anode RED
Corn Anode GREEN
Com Anode YELLOW
Corn Cathode RED
Corn Cathode GREEN
Hai Cathode YELLOW

13mm 51 inch 10 pin D.I.L.
R/H decimal point

Corn Anode RED
Corn Anode GREEN
Corn Anode YELLOW
Corn Cathode RED
Corn Cathode GREEN
Com Cathode YELLOW

20mm 8 inch 18 pin D.I.L.
L/H decimal point

Corn Anode RED
Corn Cathode RED

Order No
1585

1586

1937

1588

1599

1E93

Order No
591

592

593
594

595

596

Price Ea
f1.00
11.10
11.10
11.00
11 10
E110

Price Ea
E1.00
11.10
11.10
(1.00
(1 .10
E1.10

Order No. Price Ea
1597 1115
15913 11.85

LINEAR DISPLAY (BARGRAPH)
Ten LED elements housed in 20 pin package to
form a compact linear bar display. Can be end
stacked to create bargraphs of various lengths.

Order No. Price Ea
RED 1558 12.50
GREEN 0.50
YELLOW E2.50

AEG - TELEFUNKEN SHAPED LEDS
IF = 20mA RED 1.6V

GREEN 2.7V
YELLOW 2 4V

3mm RANGE CYLINDRICAL Order No. Price Ea
RED 1561 .20
GREEN 1568 .23
YELLOW 1575 23
SQUARE
RED 1562 /0
GREEN 1569 .23
YELLOW 1576 .23

TRIANGULAR
RED 1563 .20
GREEN 1570 .23
YELLOW 1577 .23

5mm RANGE RECTANGULAR
RED '564 .20

GREEN '571 .23

YELLOW '578 23
CYLINDRICAL
RED 1565 2'.
GREEN 572 .23
YELLOW 1579 23
SQUARE
RED 1566 20
GREEN '573 .23
YELLOW '580 23
TRIANGULAR
RED ,567 20
GREEN 574 23
YELLOW 1581 23

LIGHT EMITTING DIODES
Miniature LED body dia 125"

T11209 RED
TIL211 GREEN
TIL213 YELLOW

Standard LED body dia. 2"

FLV111 RED
FLV310 GREEN
FLV410 YELLOW

OTHER LED'S

131209 clear 125"
illuminating RED
FLV11I clear 2
illuminating RED
CQX21 flashing LED RED
CQX95 dual LED RED/GREEN
COY98 Infra Red LED 2/

OPTO ISOLATORS

1174 Single
ILD74 Double
1LQ74 Quad

Order No. Price Ea
1501 09
'502 .12

501 .12

Order Na Price Ea
504 09

1505 .12
1506 .12

Order No. Price Ea

4522 12

1523 .12
1524 .45
1525 .60
1527 .30

Order No. Price Ea
1515 10.55
1516 E1.16
1517 E2.10

A3F Cord Plug Ifemalel
A3M Cord Plug (male)
D3M Chassis Skt Imalel
D3F Chassis Skt (female)

P780 3 pole outlet skt mates with
P770 6A 250VAC
P770 3 pole connector mates with
P780 6A 250V AC
P782 2 pole outlet skt mates with
P772 8 P622 6A 250VAC
P772 2 pole connector mates with
P782 6A 250V .AC
P597 connector mates with
P590 10A 250V AC
P587 connector mates with
P580 & P579 6A 250VAC
P580 inlet skt mates with
P587 & P5119 6A 250VAC
SA2097 3 dole connector mates
with SA2036 5A 6V AC/DC 5A
110VAC 5A 250VAC IA
500V AC
PE36 6 po'e connector mates with
PE35 3A up to50V
PE35 6 pole inlet skt mates with
P636 3A up to 50V
P552 8 pole outlet skt mates with
P551 6A :50VAC
P551 8 poe connector mates with
P552 6A 250V AC

BULGIN PLUGS & SOCKETS
Order No

1E30

1631

1632

1E33

1E35

1636

1E38

1E39

1641

1642

IM4

1645

Price Ea

10.64

11.68

(0.54

1142

11 10

El 06

10 64

E1 96

E1.06

11.00

E0.86

E.2.78

VIDEO LEADS
Order No

BNC plug to BNC plug 2 metres 75
ohms Coax. Betamax to Betamax 121

BNC plug to UHF plug 2 metres 75
ohms Coax Betamax to VHS 122

UHF plug to UHF plug 2 metres 75
ohms Coax. VHS to VHS 124

UHF Coaxial plug to UHF Coaxial
socket 2 metres 75 ohms low loss
cable
UHF Coaxal plug to UHF Coaxial
plug 2 metres 75 ohms low loss
cable

131

I 34

Price Ea

f2 70

12.50

E2.30

E.2 20

E2 40

UHF PLUGS SOCKETS & ADAPTORS
Description Order No. Price Ea
PL259 standard plug
50239 socket 4 hole fixing
S0239 so:het single hole briny
PL258 double end female coupler
NC555 reducer for PL259 (small)
NC556 reducer for P1259 Ilargel
M359 nybt angle coupler P1259 to
S 0239
M358 T Connector Female -Male
Female
NC5E3 !nine courier P1259 2

its 40
716 38
717 40
718 40
7t9 16
720 16

:21

:22
;23

80

98
60

BNC PLUGS, SOCKETS & ADAPTORS
150 ohms)

Descripton Order No
BNCI5 51 ohm standard plug 1 '24

BNC1502 chassis mounting skt 1725

BNCI503 chassis mounting skt
single hole fixing
BNCI520 BNC male to S0239 female
BNCIS21 BNC female to PL259 male
BNC fine socket

1'26
1'27
1'28
1'32

Price Ea
75
.75

75

85
95
95

SWIrCHCRAFT OD PLUGS & SOCKETS
Order No. Price Ea

I /34 11 50
1135 11 30
1736 11 15
1737 11 90

OUR GREAT NEW CATALOGUE
Presented with a Professional Approach and Appeal to ALL
who req ore Quality Electronic Components. Senconduc
tors and other Accessories ALL at realistic pnces There are
no wasted pages of useless information so often included in
Catalogues published nowadays Just sold facts r e price
description and individual features of what we have avail-
able. But remember 13I-PAK's policy has always been to sell
quakry components at competitive pnces and THAT WE
STILL DE

We hold vast stocks 'in stock- for fast
immediate delivery, all items in our
Catalogue are avertable exstock. The
Catalogue is designed for use with our
24 hours -ansaphone" service and the
Visa/Access credit cards. which we
accept over the telephone
To receive your NEW 1983 BI-PAK
Catalogue. send 7-3p PLUS 25p p&p

"BCSBB"
BI-PAK COMPONENT 8 SEMICONDUCTOR BARGAIN BOX

This collection of Components & Semiconductors for the hobbyist is probably the most value
packed selection ever offered. it consists of Resistors, carbon & wirewound of venous values.
Capacao-s, All types sorts P. sizes including electrolyhcs. Potentiometers, single. dual, slider &
preset. Switches. Fuses. Heatsinks VVise, P C Board, Plugs. Sockets etc PLUS a selection of
Semiconductors for everyday use in popular Hobby Projects. these include SCR's. Diodes
Rectifiers. Tnacs & Bridges as well as a first class mix of Transistors & ICs
In all we estimate the value of this BCSBB in current retail catalogues to be over 125.
So help yourself to a great surprise and order a Box today for lust £6.50 ONLY at BI-PAK.
You can call us on 09203182/3442 and order it with your Barclaycard or Access Card 24hr
Ansvverphone Service NOW Order No V P85

SIL RECTIFIERS
IN4000 SERIES

IA Plastic Encapsulated Diodes
VRRM Order No Price Ea

50V IN4001 045
100V N40132 05
2005 N4033 06
400V N4004 06
600V N4005 06
BOW N4006 07

1000V N4007 07

IN5400 SERIES
3A Plastic Encapsulated Diodes
VRRM Order No. Price Ea

50V
100V

200V
300V

400V
500V
600V
800V

1 CO3V

145403

N5401,
N5402
N5403
N5404
N5405
N5406
N5407
N541113

11

12

14

.15
16
17

17

18

18

BY550 SERIES
5A Plastic Encapsulated Diodes
VRRM Order No. Price Ea
505 BY55050 14

100V BY550-100 15

2005 8Y550-200 16
400V BY550-400 .17
600V BY550-100 18

800V 8Y550-800 19

BRIDGE RECTS
WO SERIES

1 AMP Plastic Encapsulated
VRRM Order No. Price Ea

50V BRI /50 19

1013V BR1/100 21
200V BR1 /200 23
400V BRI /400 25

2 AMP Plastic Encapsulated
VRRM Order No. Price Ea

50V 1382/50 35

100V 882/100
200V BR2 /200
400V EIR2/40)
8001.1 BR2/803

38
40

46
65

6 AMP Plastic Encapsulated
VRRM Order No. Price Ea
505 BR6/50 75

100V 6136/100 80
200V EI86/200 88
400V BRE/400 95

10 AMP Isolated Metal Case
VRRM Order No Price Ea
507 BRI0/50 1.40
100V BR10/100 1 50
2005 13810/200 1.60

400V BR10/400 1 90

25 AMP Isolated Metal Case
VRRM Order No Price Ea

505 81125/411 1.85
100V EIR25/100
200V BR25/200
400V 9825/400

1.95
2.05
2.90

KSend your orders to Dept. PE9 BI-PAK PO BOX 6. WARE. HERTS
SHOP AT 3 BALDOCII ST WARE. HERTS.

TERMS CASH WITH ORDER SAME DAY DESPATCH ACCESS,
BARCLAYCARD ALSO ACCEPTED TEL 10920) 3182 GIRO 388 7006

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

use your credit card King us on ware 3182 NOW
and get your order even taster. Goods normally
sent 2nd Class Mail.
Remember you must add VAT at 15% to your
order
Total Postage add 75p per Total order
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SUPERKITS!
NOW WITH NEW CHOICE OF CASES

BOXES SUPPLIED WITH STANDARD UNITS ARE PLAIN ALUMINIUM WITH A LIPPED LID. THE
'BM' UNITS HAVE ALUMINIUM BOXES WITH STEEL TOP COVERED IN STYLISH BLACK

STELVITITE LAMINATE. UNITS MARKED WITH DO NOT INCLUDE BOXES (FURTHER DETAILS

IN LIST(

SETS INCL PCBs, ELECTRONIC PARTS, INSTRUCTIONS MOST ALSO INCL KNOBS, SKTS, WIRE,

SOLDER, BATTERIES NOT INCL BUT MOST WILL RUN FROM 9V TO 15V DC SUPPLIES. FOR

FULLER DETAILS SEE CATALOGUE (SEE BELOW)

STD BLK

UNIT UNIT

AUTOWAH: Guitar-tnggered wah-wah SET 58 E14.01 16.41
BASS BOOST: Increases volume of lower octaves SET 138-B E9.40 £11.80

CALL SIGN: Programmable 8 -note musical call sign SET 121 £1423 £16.23

CHORUS UNIT: A solo voice or nstr sounds like morel SET 162 31.59 134.49

COMPARATOR: LED level indicator for 2 channels SET 129 £16.13 £18.73

COMPRESSOR: Limits & levels maximum signal strength SET 133 £12.37 £14,77

ECHO UNIT. With double tracking SET 168 £44.82 £47.72

FREQUENCY DOUBLER: Raises guitar frequency by 1 octave SET 98 E11.75 £13.75

FREQUENCY -GENERATOR: Multiple waveform test osc SET 128 £19.15 £22.05

FUNKY-WOBULO: Novelty voice modulator for funny effects SET 149 £12.18 £14.18

FLANGER: Fascinating delayed -feed -back effects plus phasing SET 153 E22.54 E25.44

FUZZ: Smooth distortion whilst keeping natural attack 8 decay SET 91 01.68 £14.08

GUITAR EFFECTS: Multiple variation of level & filter modulation SET 42 £16.58 £18.38 '

GUITAR OVERDRIVE: Fuu plus variable filter quality SET 56 E21.17 £24.07

GUITAR SUSTAIN: Extends effective note duration SET 75 £11.77 114.11

HARMONOLA. Versatile 3 octave organ SET 125-T 066.97
HUM CUT: Tunable filter for reducing low frequency nose SET 141 02.02 £1402
JABBERVOX: Voice disguiser with reverb & tremelo SET 150 £23.64 £25.44

MAD-ROJ: Variable sirens, and police, galaxy machine-guns etc SET 146 £10.47 02 47
METRONOME: With audible & visual beat & down -beat marking SET 143 £13.98 £15.98

MICROPHONE PRE -AMP: with switchable bass & treble re-
sponse SET 144 £9.12 £11.52

MINISONIC (PEI MK2: 3 -octave very versatile music synthe-
siser 
MIXERS: Several - details in catalogue (see below)
NOISE LIMITER: reduces tape & system hiss
PHASER: with automatic & manual rate & depth controls
REVERE: Analogue unit with variable delay & depth controls
RHYTHM GENERATOR: 15 swrtchable rhythms (NEW UNIT)

RING MODULATOR: for intermodulafing 2 separate sine hens
6080 BOX: Versatile Robot type voice modifier
ROGER 2 -GONG: 2 gongs sounded at end of transmission

ROGER BLEEP: Single bleep sounded at end of transmission

SCRAMBLER: Codes & decodes transmissions authorised chaos
SEQUENCERS: 128 -note keyboard controlled (keyboard inch

16 note lop to 64 -bit pattern) panel controlled
SPEECH PROCESSOR: for clearer transmission

STORM EFFECTS. Automatic & manual wind, rain & surf
SWEEP GENERATOR: Audio test unit

SYNTHESISER INTERFACE: allows instrument to trigger synth
TREMOLO: Deep tremolo with depth & rate controls
TREBLE BOOST: Increases volume of upper octaves
TONE CONTROL: bass & treble cut. gain & range 16 controls)

VIBRATO variable rate & depth plus additional phasing
VOCODAVOX: Modular Vocoder

VOOALEK. Robot type voice modulator with depth & rate
controls

VOICE FILTER: tunable for selected heq bandwidth & gain
VOICE -OP -FADER: for reduction of music level during talk -over

VOICE-OP-SINTICH: with variable sensitivity & delay
WAH-WAH: with auto-tngger, manual & oscillator control
WHEEBY JEEBY: 2 intercoupled oscillators produce variable
sirens

WIND & RAIN. manual control of these two effects
WOBBLE-WAH: Oscillator controlled wah-wah

KIMBER ALLEN KEYBOARDS tamely the best')
KEYBOARD CONTACTS GJ ISPC0)

KEYBOARD CONTACTS GB IDPSTI.

SET 38 (181.92 --

SET 145 £10.59 £12.99

SET 164 £2120 £24.10

SET 122 120.39 [22.19

SET 170 £3827 [41.17

SET 87 £13.62 £15.42

SET 165 U1.89 124.79

SET 126 -LS £12.55 £14.55

SET 127 -LS £10.07 £12.47

SET 117 £21.81 E23.61

SET 76 E110.99 £114.59

SET 86 f53.15 £56.95

SET 110 E12.10 £1450

SET 154 [16.72 £1962

SET 169 £16.42 £1822

SET 81 £9.59 E11.99

SET 136 E10.71 £13.11

SET 138-T £9.24 £11.64

SET 139 £13.82 £16.72

SET 137 £23.99 126.79

SET 152 E68.96 £72.76

SET 155 £12.75 £14.75

SET 142 £1021 £12.61

SET 30 £10.02 £12.42

SET 123 -LS £13.80 £15.80

SET 140 E1731 £2021

SET 151 £13.78 £15.58

SET 28 01.39 £13.79

SET 161 E13.40 E15.40

3 -Oct 132.43. 4 -Oct E40.68, 5 -Oct £4852

3 -Oct 12029. 4 -Oct 126.50, 5 -Oct 02.71

3 -Oct £2327. 4 -Oct 00.45, 5 -Oct f37.62

PHONOSONICS
PHONOSONICS MAIL ORDER. DEPT PE38, 22 HIGH STREET. SIDCUP. KENT 0814 6EH

01-302 6184

Please use full address Payment CWO, CHO. PO. Access. Barclay. or prearranged cofection
Prices and UK P&P & 15% VAT E&OE Despatch usually 10-14 days on most items. For

comprehensive catalogue send SA.E. Gf you hoe overseas send UM or equiv.I MORE KITS ARE IN

CATALOGUE

r
CACC
Name

Address

IT'S A BET TER BUY THAN MOST AT
LESS THAN £4 PER MHZ.

THE PRICE IS AS CRISP AS THE IMAGE.
ORDER TODAY -WE'LL SHIP RIGHT AWAY.

All major Credit Cards accepted.

Phone for details of cased and open
frame monitors.

CROFTON ELECTRONICS LTD.
35 GROSVENOR ROAD, TWICKENHAM. MIDDX 01 891 1923/1513Telex 295093

PARNDON ELECTRONICS LTD.
Dept PE2 44 Paddock Mead. Hadricu. Essex. CM18 712R. Tel 0279 32700

RESISTORS: i Watt Carbon Film E24 range I 5% tolerance High quality resistors
made under strictly controlled conditions by automatic machines

Bandoliered and colour coded.
81.00 per hundred mixed (Min 10 per value)
£8.50 per thousand mixed (Min 50 per valuel

Special stock path 60 values 10 of each £5.50

7106-CMOS di Digit A/D Convertor
£6.50 LCD Drive & Backplane Drive

AND -05" 3) Digit LCD Display
£3.50 includes colon -±

SPECIAL OFFER - BUY BOTH FOR E8.95

Full List Available - Send SAE

VOLUME
DISCOUNTS
AVAILABLE

ALL PRICES INCLUDE V.A.T. & POST & PACKING - NO EXTRAS
MIN ORDER - UK £1 (10 OVERSEAS £5 CASH WITH ORDER PLEASE

Same Day Despatch

BECOME A
RADIO AMATEUR
Train now for the Radio Amateur Licence
examination. No previous knowledge
needed, only a few hours per week of home
study for 3 to 6 months. Post coupon now
for details or tel. 0734 51515 (24 hr service) -

British National Radio 8 Electronics School Reading, Berks. RG1 1BR
1FREE brochure without obligation from: -

British National Radio &Electronics School I

READING, BERKS. RG1 1BR

L PE'9/846 BLOCK CAPS PLEASE
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HOME LIGHTING KITS

,nstructions & am Megrim:Ito ,plat. standard wet!
swdch and control up to 300w of roar tong

TOR300K Remote Control £14.30
Dimmer

MK6 Tr nerniner for above 4.20
TD300K Touchtlimmer f 7.00
TS 300K Touch. Tch £7.00
IDEA( Extension kit for 2 -we.,

£2.50Switching for TD300K

10300K Rotary Controlled £3.50 11
Dimmer

ELECTRONIC LOCK KIT XK101
This KIT contains a purpose designed lock IC,
10 -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 easily 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. 750mA max.
Hundreds of uses for doors and garages, car
anti -theft device, electronic equipment, etc.
Will drive most relays direct. Full instructions

supplied ONLY E10.50
Electric lock mechanism for use with latch
locks and above kit £13.50

"OPEN -SESAME.'
I he A5103 e  were purpose .01,4 ten transmitter
receiver with one momentary moon., open) relw

Dcentaur and two Hitched trensistor outputs
esigned prornatoly for controlling motorised garage

doors and Iwo buipoirety Outputs for doye.garage
lights at  range of up to 40 It The unit also nes
numerous appIrcations in The hum* for switchinglights

TV closing curtains. etc Idyl for aged or
disabled person,
The Kit COmens. a mains POWefed receiver 4 lour
button transmate complete with pre drilled boa
reguinflg  9V battery and one 0010 -isolated 101,0
state switch kit for inter lacing the teCe.vet to mains
appliance. As with all Our kits I ull instructions are
supplied

ONLY £23.75

XK113 MW RADIO KIT
Based on ZN414 IC, kll includes PCB, wound
aerial and crystal earpiece and all components
to make a sensitive miniature radio Size 5.5 x
2.7 k 2cms Requires PP3 9V battery IDEAL

FOR BEGINNERS £5.00

crj 3 -NOTE DOOR CHIME 414
Based on the SAB0600 IC the kit is supplied
with all components. including loudspeaker
printed circuit board. a pre -drilled boa 195 x
71 k 35crn I and lull instructions Requires
only a PP3 9V battery and push -switch to
complete AN IDEAL PROJECT FOR BEGIN
NERS Order as XK 102 £5.00

Have you gal our FREE GREEN CATALOGUE yet,
NO?' Smut S A E 6 9 TODAY1t

It's packed with details of 311 out KITS plus large range of SEMICONDUCTORS
including CMOS. LS TTL linear, microprocessors and memories: full range of

LEDs, capacitors, resistors, hardware, relays, switches etc We also stock VERO
and Antex products as well AS books from Texas Instruments. Babani and Elektor

ALL AT VERY COMPETITIVE PRICES
ORDERING IS EVEN EASIER JUST RING THE NUMBER YOU CAN'T

FORGET FOR PRICES YOU CAN'T RESIST.

5-6-7 8-9-10 Answering
service evngSand give us your Access or 13,11004:W4i No or write enclosing

cheque or postal order. Official orders accepted from schools. etc & weekends

MINI KITS
MK1 ELECTRONIC THERMOSTAT
Uses 1M3911 iC hunse temperature
illOTC ma., and truc to SeitCh heater
IIKW1 Mains powered (4 90
MK2 SOLID STATE RELAY
Switches 240V ac motors lights
heaters loom logic computer Circuits
Zero voltage switching opt° isolated
Supplied without triac (2 IC
MK4 PROPORTIONAL
TEMPERATURE CONTROLLER
Uses burst rite lechne.e to main
lain temperature to mg, 0 5°C wee
tor photography incutialoos wine
making. etc Ma. load 311W 1240V
act temp range up to 90°C (556
MKS MAINS TIMER
Mains powered rimer enabling a load
up to 1KW at 240V at to be switched
on tot nth tut a riable time from X
mins to 35 nosy longer or short.*
periods possrble with nunni
component cRanges MOO
MK15 DUAL LATCHED SOLID
STATE RELAY
Composes two MIQs with latch t TICut1
enabling the MK12 4.1 to control Iwoenabling

loads independently Two
<Mout Macs nol suprohed I See
remove control has 1 (45C

NEW'FA K 19 DC CONTROLLED
AUDIO AMPLIFIER

May i.e used with *dually any Pete,
.Indio ampitheo to conhol basswo.. letreb and balance remote,.
either using a wore link dr the Mutt
infra red oeceiver A 1 Cr 10 decoder
eon LEDS is also nscladed Ice remote
input se bon display iSee 'emote

vol kits I (10 70

COMPONENTS
a wide range in stock including:

LINEAR

555 17
554 40
741 IS
745 35
C1590 3 DO
 3 1270

1 20
030110 77
Cli SO 43
03,20
KT 'QM

7 00
.Ct 7107

/eel I PS
00

00
CLO0311

3 10
/905555

79
...1St 44
1.353 M
77356 DO

1M314
35

334/ DO
193351

20
,9339 50TM]. 63
.M7511 as

I CISvLc SO
wet 1 IS

,wag 100
ovlE16 IS
Loots. TS

SO
,9291;

aid
110350w 50
1513509 110

30
7.43914

2 tO
.93915

2 20
m1)600

1 0
IS/220

2 IS
.51225a0
Pr IOC 3 30
919114 TO
91924 1 95
919257 TO
91926 1 40
91917 140
54936 140
MT929 140
MV74(9,

5w
MT47CSTS

MM74(911
90

9914(9 r6
SO

ht 566 T
4

.415137 91
55669 2 t5
55760 2 tS
54110500

2 50
5. sae 1 /5

ol IS
ki Pa, 10
0,490 2 40
70110,

Ball 10.9
1 00

vs'i 2
50

vS
0 00

r3.4 ,c

la 201

tnAzii0"
911

TIP.0S61 40
T 60
71064, Di
%Tr, 30
i.012 SOpole 95

r.oal 25
r.012 as
T.0114 9S

170 50
%SOK

T443240
20

4200)

yl.4200.1
95

ZYT4T4 I.
2,4425 360
2h4215 70
27.42114 10
"10341

ISO

=11
400v

64est T
T 2

ae
ea se
'24 IS
ea 9,
:set 1 90
(.400M T

115

74001020

'is

RFGU
LATORS
ens

TS 16

N' '260
135

T

1931,
19 )30 "
9713 40

OE=
4000 11
4001
400/ T T

.:(0.7,

40,1
I,4013 T

:g::
It

4019 Is

.19 Is
4023
4015
4016
4017 20

I

4014 "4040 39
34

MEM
ORIF S

6e 0 1 21
Etta 200
2,31 400

LEI11132

Gc.

ZBOA Po
SC

S SC

404)
4049
4049
4050
4060
4069

07?
VT 'T

093

21
31
42
13
13
13
14
12
20

110 s
3mm &
Smm

lots

A os

'JUPITER ACE
MICROCOMPUTER

uses FORTH which execul es about 10 times faster and
requires less program memory than a comparable program

using basic. Features 8K ROM, 3K RAM, built in speaker,
40 key keyboard and a 32 x 24 line -flicker free display on TV.

Comes supplied complete with leads, mains adaptor, a comprehensive
easy to follow manual on Forth programming a FREE cassette

containing 5 sample programs

DRAGON 32
.£143+ £7carriage

ORIC 1 (48K RAM)
f143+£2.50 carriage

ALL PRICES EXCLUDE VAT

MICROPROCESSOR CONTROLLED
MULTI - PURPOSE TIMER

Now you can run your central heating. lighting. hi-fi system and lots

d

sigwith lust oe programmabie timer At your selection it is
ned to control four mains outputs independently. switching on

and oft at preset times Over a 7 day cycle.  g to controi your central
heating (including different switching times for .kends). lust
connect it to your system programme and set it and forget it --the
clock will do the rest

FEATURES INCLUDE

* Prim LED 12 hnui disPlAr
* Day of are, am Pm arid outrorr star, r rtt,
* open colleclot outputs fot at ,nvela, f,ac s el,
 SO 60Ma mains operation
 caner v backup aaaaa voted progoammes and continueston, keePmil

Outing power 1solures Meier, not suPP.do
 Dosplay blanking duo,' power 'Alum to conserve battery power
 18 programme time sets
 Powerful 'Ever.. ,unciaan anatohng Oldeut 10 3.,IC. [Ley hut

use only zee lime set
* Loselut 'sleep tunction - turnt on output 10. One hour
 Oirect switch control enabling cutout to honed on immediately Do

 Poatter
spec., time .n eeeee

grammeunction
to,

PoOgolamme entry
 Programme replication at the touch of  Dutton
* PlastoC woth attractive screen pointd front pager 15  10  5 UM Additional Wass 61 (Mess',

Now only £39.00
(Kit includes all components. PCB.
boo, assembly and programming
instr Oct ions I
Order as CT6000

'00114 OPTIONAL RELAY KIT
it inciudes one relay PCS 10 accommodate

up to oeiass ledn.nale ocks etc
io inside !CISCO° Coos Pooyodes up to
lour lamp 240P AC ichangeoveo conga, ts

£3.90

ONLY £75.00 °;1,2T.
JUPITER ACE SOFTWARE
J3 SPACE INVADERS f3.90
J4 SWAMP MONSTERS f3.90
J5 DOT MAN :3.90

WHY NOT COME IN AND SEE
IT FOR YOURSELF!

COMPONENT PACKS
PACK 1 630 Res stors A I ohm 10 Vo,c^

IP Dec value C4.00
PACK 240 r 16V ElectrolytiC Capacitors10..F

to 1000,E - 5 per value C3 39
PACK 360 Polyester Capacitors 001 Ic

14F 2500 - 5 or value IS 55
PACK 445 Sub miniature Presets 100 ohm to

1 Mohm - 5 Ow value C2.110
PACK 6 30 Low Profile IC Sockets 8 14 and 16

- pin - 10 of es, (2 40
PACK 8258. LEDs 15md tt 25

24 HOUR CLOCK/
APPLIANCE TIMER KIT

Switches any appliance up to NW on and Ott
Preset times once Per day Kit COMM.
AY 9 1230 IC 0 5 ' LED 0.40tey. mains supple
display drivers switches LEDs frets PCBs
and I ultinstructions
CT1O00KBSicK it (1490
CT1000K with who. so.
156 131. 71nnt C17 40
(Ready (14,01 C32 SO

FAST SERVICE TIP IIIALITY LOW LOW PRICES

TK
No circuit is complete without a call to -

ELECTRONICS
11 Boston Road
London W7 3SJ

PE

ACCESS
and

BARCLAYCARD
welcome

DISCO LIGHTING KITS
DL 10001(

`1 -The volua for money kit NS
Twee a b. directional se
quence 'peed of sequence
and freduancy of direction
change being varebte by means oi
hoinsure end onCOrD0,9111 r-TTe s,

£14.60
OL210006
A lower cost version of the above Icarur.n y
ondoeChonIchannet 4eguenC with specs
variabte by means of  pre set pot Output s
switch.] only et mains zero missing points
to reduce radio interference to  minimum

£8.00
Optional opts input OLAI
Allowing audio b10-1 - Iphtrspon. M
1,1.30001(
This 3 channel sound to light kit features

voltage switching, automatic leve
controi and MAO m rnic No COMMICIPP to
aperpser or arm, oppuorp0 No knobs tO edius,

empty connect to mains and
amps 'IA £11.95

LCD 31/2 DIGIT MULTIMETER
16 ranges including DC wohege 1200 my -1000
vl and AC voltage. DC current 1200 rnA-10 Al
and resistance 10-7 MI e NPN & PNP transistor
gain end diode chaos Input impedance 10M.
Site 155e88e31 mm. Requires P93 9v battery.

Test leads Included ONLY E28.00

HOME CONTROL CENTRE
kit enableO yOu 10 [Onto°, up to t6 ditterent

aoprinces anywhere .n Ina nena00 horn the
rn,od 0, YOU, Arrn<h.,1 The transmute

di. coded pulses into the Moons whoch a te
decoded 00 tCet yet modulo connected 10 Ine
sem. mains MAO, and used 10 switch On the
4001TenCe addressed The transmitter also
ncludell COMPU TER inter facso you can pro
gamine your levount micro leg 20811 to
Twitch tights heating electric blanket make
tour morning coffee etc automatic.,

rewiring your house JUST THINK OF
1110 POSSISILITIES The kit Includes all PCBs
and components tor one transmute and two
ectsives plus a ofe d ed no. in ine

tiensmute.
Order is XK112 £42.00

Additional Receivers 55111 E 10 00

REMOTE CONTROL KITS
CON A DETAILED BOOKLET ON REMOTE CONTROL

send 10s 6 .9 Sot
HKII WHINE INFRA RED TINANSACT TER
Supplied with hoserl WO. c box SClu,,Ss go
,SP31131111., (4 20
PAK 7 INFRA 500 RECEIVER
Mona sower. rot. trec outoLt seq. uo to
500W et 240V eange &swot 20 rt on ori e

45
C001,0, 9 00

RC 500K - 4044.4, Ot.<4 TOT Mite MK1
MKf 4. WAY KEYBOARD C12 501
(or use eith MK 111 i2 IcanSen,110, osce re.
wh onty 4 channail are ma,.0 Cl 90
34610 WNW, KEY BOARD 05.40
34630 10 merles. 3 seskiesdie 300,1194
 mAnspower. LR *CA., froriding comio
1.9.4.4 to tO on off end 3 enS,09ca MS, be.0

too commaing the mi.,. of , Amor. ei
breht nes. or  gimp etc C12 00
M612 111 CHARNEL LAWMEN
A mons powar. LA Receiaei pioriding up to '6

ss
411171"1;:s.e.d'Orl'oU SL90 This Sr oiciuV's
components to rem s cod. trnsm,111., Seq.,' 
304114Tr 4.044004170 IWO PARK, oo fal( t3s re

2  3cre Range SPO,Oct 60 it CS 20
1.1013 way kW... ...TIM *MT PAK le ea,p Vic 11

(e36

DVM/ULTRA SENSITIVE
THERMOMETER KIT

This new design is Dosed on
the ICL7126 Is lower power
version of the IC1.7106 chip)
and  319 digit liquid crystal
display This ktt will form the
basis of a digital multimeter
only a few additional resistors and switch.
WO required -details supplied/. or  'ensile.
diva! thermometer 1-50't to 150C1
reading to 0 IT The basic kit has
sensitivay of 200nW for a full scale reading,
automatic polarity indication and an ultra
tow power requirement -giving a 2 yam
typical battery life from a standard 9V PP3
when used 9 hours a day. 7 days a week

Price £15.50

Add 65p postage & packing . 15% VAT to
total Overseas Customers.

Add E2 50 lEuropel. E6 00 leisewnerel for
p&p

Send SAE for further STOCK DETAILS.
Goods by return subiect to availability.

OPEN gamlOt:m5 rt74 prVrrlii)
tristaot ril

CLOCK tOloVERIM

PAR
CAP

TEL 01.5678910 ORDERS
01 579 9794 ENQUIRIES
01-579 2842 TECHNICAL MYER 1P1.1

Aso ELL
GARAGE
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.° SEE Er Am. I UM I man I V 77 p 'LIM.. =11" Nil 1 W MI "11111r ).1) ,

i C AVt" tvciNSitt 1 : = I- : I- =47,,Ciriene,Sill p....t..................................111TIINv A Emm I L 'Wm T.4 r --,7i Ss. .,m I .1111 Ink

MI ...4 I, ...I -...6.-- -4 BF W E V.1 111 amIN 'mil/ 11 ME ..".... fiM/IatM11111114=611-WE1 I Mil 1 IN MI /17 I 171 I 1 7E1..11 7 7 7 1E171 11\1 MIEVA 7 I IL X1 111. '1 --l. 1 7- MIL 1 .A I 1 1 AM

FTEST EQUIPMENT CENTRES OPEN Six
N

V,DAN'SS 4 E I .
ret.s. MODELS Dissit a i

RETAIL  MAIL ORDER  EXPORT  INDUSTRIAL  EDUCATIONAL
DIGITAL MULTIMETERS lux C/P Freer

- /41.4 14,1f -IS 311
) D/6fr 0111.465'

STATO
HAND HELD witti free carry cast.
K025£013 range 0 2A DC 2 meg ohm £24.95
K 0305I 6 range 10A DC 7 meg ohm £29.95
K 1:1300.26 range IA AC DC 20 meg ohm £34.95
X1)55C78 range 10A AC DC 20 nag ohm £39.95
6016- 28 range 10A AC DC 20 meg ohm £34.40
7030, As 6010 but 0 1 basic £41.30
K0615.16 range I OA DC 2 meg plus Hte tester £39.95
189M 30 range 10A AC DC 70 meg plus Hie

etter £69.95
HD30 16 range 0 2A AC. OC 2 meg ohm £4 1 95
1030/8 As above plus cont buzzer £44.50
H031 22 range 10 AC DC 2 mg ohms plus tont
!Mier £58.95
DM2350  21 range IDA AC DC 20 meg Wm
miniature hand held aulo range £49 95
Beckman T I W 34 range IDA AC 'DC
20 meg ohm 156.35

Beckman 0110 As 0100 plus Cant test
etc £67.85
Silam 22008 21 range 2A AC/OC
20 meg ohm £39.95
...Optional carry case C2 95
B ENCH MODELS
TM353. 27 range LCD 2A AC/OC E86.25
TM355e 29 range LED 10A AC- DC £06.25
7E3514 19 range I.00 10A AC. OC £113.85
Optional carry case C684
2001 28 range LCD 10A AC DC plus 5 range
Cap Meter with case £108.00
TM451 4 digit LCO every facility 10 02 L171.00
I503a 4 digit LCD ewer,' facility 10 05 I El 71.00
I 503a1 a 003 basic version or ahoy! E189130
1504 true RHO version L201.25
Sulam 2500 24 range LCO 2A AC: DC £99.95
Metric (III) professional )  4)) digit3'
DMM s standard 61rue MS 4 models stocked

[77.00 - £201.25

FREQUENCY COUNTERS r
EMI

L '

PF M200A MHZ hand held pocket 8 digit LED £77.60
8110A 8 digit LED bench 2 ranges 100 MHZ £77.00
86108 9 digit LED bench 2 ranges COO MHZ £113.85
80008 9 digit LEO 3 ranges 1 GHZ £178.00
TF040  8 died LC0401481 [1 26150
TF200 .8 digit LCD 200 MHZ £166.75
Oplional carry use C6 &I
Prescalers Emended range of most counters
1116010 600 MHZ £43.00
TP1000 1GHZ £74.00

ELECTRONIC INSULATION TESTER
OF 501 503 11/0-100e with carrycot L63.00

MULTIMETERS (UK C/P We)
HM1027201( V 10A DC 22 range
6 cant buzzer £13.50
IIM11322 209
27 range 6 con! buzzer £14.95
ETC5000/5001 21 ranges 50K V
Range doubler 10A DC E18.95

TMK500 23 ranges 30K. V 128 DC plus
cool buzzer

NH56R 708 V 22 range pocket

ETU 102 14 range 2K V pocket

830A 75 range 30K V 10A AC. DC overload
protection etc £23.95

360TR 23 range 100K/V Large scale
10A AC DC plus Hle

AT 1020 18 range 70K 'V Deluxe plus Hle
tester E18.95

TM 36019 19 range 70K V plus Hle fester E15.95
Metric Professional multimeters
In stock 3 models from

£24.75
£10.95

E6.50

£3995

£74.75

VARIABLE POWER
SUPPLIESin CI 001

PP241 0/12,14V 0/IA
£35.00

PP243 3 amp VIVIID11 oggs
PS130708359 7 amp Iron meter £24.95

DIGITAL THERMOMETER
T14301 LCO 50 C to  750 with
therrnocouPte £68.43

AC CLAM PMETER
ST300 0 /OM 0.600
VAC 0/1 Kohm 9 ranges
Wile carry case (UK C P 65p1 £28.90

LOGIC PROBES
EPIC 10 MHZ £28 50 '-
IMPS° SO MHZ with carry
case and accessories £52.33

SIGNAL GENERATORS 1720.740v ACI

FUNCTION: All sine square t - -.!.- . 5
triangle. I I L etc 16100 1 HZ 103 601 E90.00
T6102 0211Z 2 MHZ £166.75
PULSE
16105 various facilities 582 5 MH7 £97.75
AUDIO i Mulliband sine Square

1.11627 10 Hz to 1 MHz £90.85
A620211 70 Hz Is 700 KHz Ills! C44 501
RF

56402 100 KHz to 30 MHz (list C79 501 £6950
LS617 100 KHz to 150 MHz £79.35

OSCILLOSCOPES---.. _.

!:.1 .1'.. '

Teat

£83 50

full specification any model on request. SOF by post

'NM Series NAMED 'SD THANDAR:
CS' TRIO: '3' CIOTECH Sateen

SINGLE TRACE UK C/P £300
3030 15 MHZ 5mV 95mm tube plus component
tester C P 0300 £177.10
SCI tos Miniature 10 MHZ Inhere sortable
Post tree L171.00
HM103 15 MHZ 1rtiV 6 s 7 display plus
component tester C P C3 00 L181.70
 Optional carry case C684 AC adaptor C669

Roads Cl2 50
DUAL TRACE (UK C/P £4 001
OT 520 Oust 20 MHZ £241.50
NM203/4 Dual 70 MHZ plus component
tester 0303 60
CS1552A Dual 10 MHz (List £321 001 (269 50
3131 Dual 15 MHZ  component tester (27600

CS)566A 30110 MHZ All facilities Masi £401 351

HM204 Dual 261410 plus component tester
£349.50

swag delay £419.75
CS1820 Dual 20 MHz with extra facilities

Ills! £508301 IA8500
13X7 1 0 Metro( dual 15 MHZ  component tester

OPTIONAL PROBE KITS
004.75

£7.95 L I MO £10.50 010 £9.45 MOO E16.95

HIGH VOLTAGE METER

2116 Volt lUlt E/P65p1 £23.00"41111.
Oven reading 0, 1010/

DIGITAL CAPACITANCE
METER
0 f pt to MOO mid LCD 8 ranges
0M6013 £52.75 !Carry cue E2 951

AUDIO ELECTROnICS

TRANSISTOR TESTER
Direct reading PAP NPN etc
TC1 £21 95
10K C/P 6501

fir/ GOIGICW
SEND LAS 11
SAE UK 20p1Culttiegate

itLimed
301 EDGWARE ROAD. LONDON W2 IBN. TEL:01-724 3564
ALSO Al HENRYS RA010.
404/406 EDGWARE ROAD. LONDON. W2. TEL: 01-724 0323
HENRYS COMPONENT SHOP. TEL: 01-723 1 008

Pgic
att

GE 11`i4a
Es

gr-N1
Coxls low
VISat ye. use

an.. dwopelevw.
.1 .1.011

KITS & PCBES
PROJECTS

Full Kits including PCB's, Hardware and Cases (unless listed
separately), I.C. Sockets, Veropins, Wire, Nuts & Bolts all included.
Reprints 45p extra.
Program Conditioner June 83 £16.98 Battery Tester April 63 E12.55
Automobile Test Set May 23 £32.56 Niper Delay April I33 'Less Relayl.. £144
Mains Natchdog May 83 OW Car Audio Booster (Stereo) Jan 83
Personal Stereo Amplifier May 83 (Less Case) £18.98

(less case and transformer) E26.98 Diecast Case extra £4.75
Swrtched Capacitance Phaser April 82 F20.48 Frost/Overheating Naming Jan 83 1111. £6.20

PCB's Top quality printed Circuit Boards made from P.E.
masters glass fibre board, roller tinned & drilled.

PA w Radio Aug 83 £2.46 Digital Frequency Meter E3.73
Soil Moisture Meter Aug 83 £1.34 Car Accessory P S U March 83 E1.53
Thermometer Aug. 83 £1 58 Car Radio Booster Feb 83 £1.74
Inebriation detector Aug. 83 01.83 Digital Tacho Jan 83 131 MO
Continuity tester Aug. 83 E1-57 Car Audio Booster Jan 83 015
Transistor checker Aug 83 £2.32 Stylochord Dec 82 131.._ £749
2 Digit Down Counter July 83 £227 Mini Chorus Unit Oct 82 1111 £2.85
4 Digit LCD Up Counter July 83 121.._. blip Audio Debug Probe Sept 82 £1,58
4 Digit LED Down Counter July 83 131 £8.83 Combo Amp Wain) Aug 82 £3.45
4 Digit LCD Down Counter July 83 131 £7.68 Combo Amp (Preempt Aug 82 £3.62
Program Conditioner June 83 £1.89 Audio Test Set July 82 . £6.38
Automobile Test Set June 83 £3.47 Instrument Tuner July 82 121 £3.61
Mains Watchdog May 83 f2D7 Versatile Car Alarm July 82 121 £3.65
Personal Stereo Amp May 83 Et 54 Burglar Deterrent July 82 U 74
Battery Tester April 83 £1.95 Prescaler - Freq Meter May 82 13, £1.80
Wiper Delay Apnl 83 F2.08 Function Generator May 82 E3 58
Switched Capacitor Phaser April 83 E226

MORE KITS AND
COMPONENTS IN

OUR LISTS
FREE PRICE LIST

Price list included with
orders or send sae 19 -. 41

CONTAINS LOTS MORE KITS,
PCBs & COMPONENTS

ELECTRONICS
CATALOGUE

Illustrations, product descriptions, circuits all in -
cluded. Up-to-date price list enclosed. All pro -
ducts are stock lines for fast delivery.
Send 80p in stamps or add 80p to order.
Free to Schools/Colleges requested on official
letterhead. Normal despatch by return of post.

MAGENTA ELECTRONICS LTD
Magenta Electronics Ltd. Add 45p P&P to all orders
PC13. 135 Hunter St.. Prices include VAT
Burton on Trent, SAE all enquiries
Staffs. DE14 2ST Official orders welcome
MAIL ORDER ONLY OVERSEAS. Payment must be in sterling.
0283 65435. Mon -Fri 9-5. IRISH REPUBLIC and BFPO, UK PRICES.
Access/Barclaycard (Visa) by phone EUROPE. UK Prices plus 10%.
or post. ELSEWHERE. Write for Quote.

PE CAR COMPUTER

"One of the neatest, most comprehensive and most useful of these car computers
that we have yet come across " Practical Motorist
* Economy - save petrol by improving your driving technique and

improving the tuning of your car.
* Performance - dynamic checks on timing to improve performance

and economy.
* Security - protect your car by disabling the ignition. Enter a persona-

lised combination to restart.
* Attractive, easy to fit, easy to operate - comes complete with all parts

needed. Full instructions provided.
* Imperial or metric read outs.
PE car computer f88.50

partsEasy -to -assemble kit of £78.50
Ignition cut-out £7.75

All prices include VAT. Allow 11 post & package. Goods by return
Send S.A.E. for list of separately available parts.

PIMAC SYSTEMS LTD
20 Bloomfield Road, Moseley, Birmingham B13 98Y.

Tel: 021449 0384

wBUY
NOW WHILE STOCKS LAST!

TRANSFORMERS British made transformers at very attractive prices.
Primary Secondary Current 1+ 10+ 100+

240v: 4.5-0-4.5v 400m/a 50p 45p 35p
240v: 6-0-6v 100m/a 58p 52p 43p
240v: 6-0-6v 500m/a 65p 60p 48P

L (Postage & Packing: 45p per transformer or £1,60 per 10,
These very high quality British made two pin European 14.50 per 1001
adaptors are ideal for driving Radios, cassette recorders,
TV games, calculators etc. The adaptors fit in the UK
shaver socket.

REF D.C. Voltage Current 1+ 10+ 100+
FOB 4 5V 200m/a 50p 45p 32p
FM3 6V 200m/a E1.00 80p 55p
£09 6V 400m/a E1.50 £1.25 85p

(Postage & Packing: 45p per adaptor or (1.60 per 10,

(4.50 per 100)
Send now for our latest catalogue, 35p plus 30p P +P.
Over 72 pages packed with complete range of com-
ponents Includes Special Offer list order form and pre.
paid ei'velope Please add 15% VAT to the above prices,

MARCO TRADING,'DEPT. P ,
THE MALTINGS, HIGH STREET, WEIN. SHROPSHIRE, SY4 SEN.

6,,, All orders despatched by return of mail. Tel: (0939) 32763

EUROPEAN
ADAPTORS
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CARBON FILM
5% HI STAR
LOW NOISE
10: ts o954,
V2 E24 2p

624 2'hp
IWE12 64
2WE12 124

METAL FILM
ULTRA STABLE

0482 EXTRA
LOW NOISE
10::9'V
24 624 5p
1%E21 bo

LOW OHMIC
GLAZE `6W
022" P

124 114

WIRE WOUND
ON CERAMIC

E12 SERIES
210 3 WATT
0 27.110 330'.' 284
II to 7 WATT
0 4777 to WEI 33p
10 to 11 WATT
11110336 374

ROTARY POTS
LOW 140461. SPINDLES

E3 SERIES
442 in 7M 03 324
407 lo 294

LOG 32p
As above v/o-,
DP main
twocn 194

As an.,..

PRE SETS %HER
(OUST P0001:
El 10(71' 6/6/

V66. 154
166 14/161, 154
Slanoan1 56, lip
Standar/ 51/t

lOp

CERME1 20
TORN151(17157(05

PRF SE'S
% 63 se/os

506  5004 Nip

CERAMIC 100V
DISC IPLATEI

E12 MICRO MINI
1y00.014  5)

141.0 1061 7p

POLYCARB 5%
SIEMENS 7 56m

MINI 410C 112

74
80

10p

lip
144

204

254
304

POLYESTER
250V RADIAL

11C7101
10,4 15.1 7201
33/1 4',,I Hs 1
100251 7p
150/1 22091 10p
3)001 470.1 134
138001 184
1..1 224
1.5 7.1 390

2 1 100 lIp 419414 30941
2 2 350 301/ 120.180 156
3 3 25 104 100 220 190
3 3 40 114 203 . 114 1 65

3 3 63 129 233 220 3 99
4 7 16 Op Dcmble .50.11
4 7 25 94 100 160 165
4 7 40 114 100 210 2 15
4 7 63 13p 203 114 2 21

4 7 100 144 233 220 455
10 25 09 04541096 ,110

M 40 124 411914 '3. 00'
10 63 144 9.4472,1iiinr )400)2/34
10 100 1114

..Fo V

22 25 110
22 40 149
22 63 Ifip
22 100 214

47 25 14P
47 40 17p
47 63 204
47 1® 21p
100 16 144
03 25 149

100 40 224
100 63 259
100 100 304
270 10 lip
220 16 174
270 25 22P
220 40 294
220 63 300
220 MO 400
470 16 22p
470 25 214
470 40 330
470 63 43P
470 100 MP
1030 16 30P
1000 25 30o
1000 40 464
1000 63 66P
2200 16 40p
7200 25 1139

2200 40 70p
27110 63 1349
4100 16 7So

700 75 1190

RADIALS PCB

o v
In 4 pp

22 0, Sp
22 ,6 7p
47 10 7p
17 16 1119

1110 10 Sp
100 If, 109
220 In 114
220 0, 12p
470 10 1314
470 16 1617
1000 10 zap
1000 16 240
2200 10 340
7700 16 lip

6192:1 2916 210
HP2 idAI6 476
o P7 'r ATP 99p
14141111 2/164; 229
993 4 IPS

Charmrs
TvP,

5060 909) 2,,(1559
12 0 120 1.4170
'S 0 15,

1A 2 45
10 1. Av 12591

1254(265 1315 P
'70 '711 P03 IS 50

SOVA 4 36 111101
12 120

 ICIP/A  OS (586
n 7, c 9 9

1254475

FEE 011111OUG.
101 5005 74

HIGH VOLT AG
C314. . o

Stork

TANT BEADS

1 355 lip
22 355 1041
33 352 140
47 355 140
60 355 141,
1 0 350 1401
22 350 141,
3 3 350 1515
4 7 I6V 180
4 7 355 209
61 250 20p
68 355 ill.
10 165 111p

10 355 27p
15 101/ 22p
15 165 300
15 251/ 32p
22 63V 200
22 I6V 290
33 10V 304
47 3V 140
47 635 349
47 160 Ifp
100 130 32p
700 toy 550

5121080ARD

01 COPPER
TRACKS

2 5 1 /S (39
2S

'

110
3 1,, I I, 669

IS 5 1 14
;- pf
1 15 11 316
479 I/ 493

92
13.0 13 .101 3 %

Vro Wiring5" 33641

Som. 50077 754
C0046 60

111101C
141,1

FIC74111 S151
D1435665

35,7

ANTE% SOLD -
(RING IRONS

1 75

S .,. 0240 r,
No 3 iMe01 11164

No 6 th4c,o, 454
B14 05240

3,.57'1.1. 854
501.000 1259414
'9,o'? 295
22,o,4 310

ELECTROLYTICS
Main6 M46 nt.,?..

1940400.4 b
57667,

AXIALS W
earn emp

On V

47 63 so
41 100 9p
47 350 304

I 63 Bp
1 030 9p

; 2 ° rp'

77 63 SP

GRADE ONE
GLASS PCB
Single 5.440
179 7400,, 950
420 195406

1304)

196p

DALO ETCH
RESIST PEN

PHOTO
SENSITIVE PCB

1.1 .0.
44, r1. e

11 Connectors
25 Waiv
Solder
U.S. 160
1/621. 209

Wne Wrap
1 60
209

(1 00

17 Cioe 8011

44641 C4044
5E7.! AG5811 364
76  0/11 36p
75.,01 719
3011 1.6, lap
Rainbow Ribbon
Cable

Prices per 1001
044

M 90.6 254

4,010' 41101

Prices pp. 514167
Sao

7.4 SP

Mons1Speelp
Goble
Twin 1 ern/ 144
Twn 2., 16/ 164
3 CCoe 2 464

1114

3 Co.. 64150 314
3 Core 13 amp

560
Scrwrold Cob)*
56041e 14p
5E66; 27p
Mos Sno,e 124

5,66. 154
Lnoe S,..65

444

232905 28.
26419064 29p
22,2905 no
26129064 704
231907 259
2329074 21p
737920 347
2152923 260
252924 154
132925 15p
132926 104
7613053 2715

133051 66*.
2143055 604
21430555 120p
253250 ME
753251 Mo
753435 98p
233440 904
733141 125
233442 1 36

7334424CA 1 115
2113445 480
753446 609
233447 672
733448 654
253468 100
253512 106
253517 1 65
233638 Sts,
2335304 704
233702 104
233703 104
233701 104
733105 104
733706 104
733107 104

S'141 153706 104
614 733709 104

733710 104
733711 104
2143712 200
233713 I xi
233714 2 94
233715 3 31
733716 360
233773 1 99
237619 364
233920 389
233621 I 64

16 W6 394 751827 904

7066 iip (S1821 45P
('.1874 1X1
:33866 904
251903 13o
753904 13p
753916 1377

233906 13P
23403n 754
734031 .5p
734032 694

, 734016 63p
734037 494
734740 100
734347 725
264400 154
234401 27p
2144402 30p
"4403 300
754409 340
254410 42p
25442/ 790
7511870 100
7548/1 550
7348/1 ffp
734901 1 69
254937 1 SS
754903 198
254904 2 15
254905 1 75
734906 299
754907 320
734908 3 IS
731909 7 %
754918 1154
754919 75.
134920 615
734971 SSP
754927 Gfp
254973 WIP
755006 360
"WV 390
7350611 Pp
735099 370

135190 694
735191 701)
735193 904
71,5144 711,

5.24'. 334
40p
454,
461,
41114

N

1

1 31
36p
1 10

735416 154
73544/ 16p

190
210
23p
254
210
1411

54 794
72,5

w.
17p
595

..6116 5%
57p
594

Il 65p
1200 266124 591)
304 /36125 664
404 234126 751

736179 714
7146191 34
736131 9110

803014 416946 736137 3p
661.1*c/on 236133 14

736134 16
7746753 45
2446754 55

200
ZSC 1306 95p

315 7517078 02
49p 25219 50
794 2SJ50 75
394 26.187 IS
334 x6134 50
2So 751175 75
235 256276 79

20000
33179 12

73277n 2p
237271 224

33140 07Axon

93
7577714 234 33701 fe
232772 24o 40360 0
2377724 254

40361 Pp
237723 250 4067 7P
27472714 4 15 40353 95
152368 250 40406 39
757369 194

40101 730
71423694 204

40408 54
76429044 210

40410 BO

74 02.44 4.20
30 W.6 750
32 W./4 02P
40 WA, up
64w.1 149

r 0414,1 Atli I
HA '1I Fut s

40411 216
40412 "p
40673 Up
40822 1.00
10971 244
401172 794
AC125 49/
AC in 31p
AC127 724
5[129 350
AC132 680
AC1419 28p
AC11129 1110

AC.151 S10
AC152 454
AC153 554
AC1534 641
AC176 270
411766 37p
AC187 254
421871 284
4(1198 250
AC 181311 40p
41239 554
41240 100
6C107 104
BC1074 lip
3C 1078 12P
8C108 10..
)1(.1084 lip
NC 1086 17p
41/ 1081 14p
NC 109 104
6(1090 120
8(1091 12p
82140 790
80111 37p

FIC 142 290
60 147 30o
11C 147 10p
611474 10p
41 1410 10p
c. 1402 200
Nf 148 100
6, 1484 124
hl 1410 13p

411- lip
P1149 10p
8(14911 12P
01 149, 13p
111 152 35p
141 153 230
0(154 27p
PC157 lip
Al 1514 42*.

Ht 1516 139,
0(158 100
RI 1584 lip

.4817 130
111 159 110
4( 1594 124
10:1590 134
10 159( 180
RC 161/ 420
PC 161 489;
11[ 161 100
1(.1674 1130

111_1370 134
111160
HC 1680 109,
1121661( 10u
4( 169 109/

(1698 100
141 1591 104
111 7/ 160

11717/. 75p

261,
/11 160

111 1 414 244
181.. 250

119 20p
HI 1 198 259
41 1978 250

1191 779
511 182 10p
81 1874 124
11, 18711 134
HI ,f11, 104
IC 1977A 130
II( Int 6 lip
01 181 10p
44 4134 ,1p
151 1836 124
N( 1831

111 1831 744!
RC 18118 13p
IP 1811 130
3(.7871! 147/

7134 lop
91 184 lip
911841 139

1841 104
111194111 134
11(.184,,44
RC 180 744
10 6, 240
61 212 100
0(2124 lip
10.21211 134
40( 21.71 104
4C7171 134

C7111H 144
6[ 711 109,
01.7114 Ilp
PC 7118 124
11C213/ 104
11C2131 104
8(2131 A 134
f1C713411 134
RC2131( 144
13(714 70.
0(7148 lip
6C2141 130
8C7141 10p
40.'714111 134
BC 21411 140
AL?), 1414

I11. 7374 164
0123711 174
01:7371 140
8(738 lip
007384 154
RC7388 1691

13C23131 174
O 029 154
SC2394 160
FIC23911 170
00239( ISp
BC 300 450

11C301 444
0C302 434
BC303 474
BC377 144
00378 lip

41337 154
01338 1So
B(440 324
13(411 334
RC460 32p
6C461 33p
11(514 404
liC517 404
02311 130

50131
80132
80135
40,36
80137
40138

19

. 18

. /94

, 404
40C.

414

122

474
414

.4)C
44/11

.442
ISA

1/4C

344
10

4 41
:13

447

11"

111

59

411(

14

D 111
60937
111.654
40555
60 .56
40557
90558
8,191
61195
91196
IP 497
111 1911

01 199
81704
917241
41)751
9476,
5174.

0(5474 lip
,400 140

-48 12p
)84 13p

 .18E1 140
4131 15p
-19 13p
-198 lip
-191 154

164
,11. 2154

111 160
n 14p

'.84 159.

 AB 160
'181. 17p
.6 160
990 164
,9C 170

15p
250

45/77

4617

16p
16p
190
44p
44p
40p
400
42p
340
39P
359
913
'Sc
5/p
649
551
730
Alp
67p
65c
700
720

115,

OC

14

30
20

C6

7

44
No
We
Ple
91e
910
930
1 20
1 70
750
760
10P
504
0060
141
150
1 20
720'
71p
750

1317
02
'12

41
TO

Ts

40

025
6 15
12o
120
114
14
15P
ISp
1 49
320
140
364

412448 9541

00 7440 330
017454 3041

81 :458 510
O 1746 Sip
047464 344
412464 1'315

812414 44p
917474 554
41254 rjp
P1755 42p
01 2564 160
012350 441P

1112560 6247

9175/ 300
81258 32p
61759 350
61451 46p
61458 Vip
111 459 62p
41469 1414
81470 964,
411439 120
61440 nu
01011 ,a0
41419 224
O )1190 72p
131 481 49p
01490 211
114 578 95
117 561 ' 130

41 698 110
64X29 261
01030 270/
41050 234
16 051 230
61597 23p
IP 953 314
05 019 240
05020 14p
45121 404
64104 222
812105 1 70

1112108 2 93
N U 109 329
66,176 147
RU701 2 25
04.1705 175
80206 III
110208 1 98
40720 3 95
0113109 2 35
00406 145
10,401 1 45
51'14011 1 35
14.1500 2 95
45.186 3%

CRICKLEWOOD ELECTRONICS LTD.
40 Cricklewood Eroadway, London NW2 3ET Tel 01452 0161 7712 .914911

Here's a selechon 5011 our vast stocks Full pr.ce I.st hee on request Orders by phone quoting
credit card no or by mad order Callers welcome All products first grade franchised source.

All in stock .tems despatched same day Off.c.al o dens welcome from Govt' Depts. schools. etc
Please add 60p p&p 150., VAT Overseas 0614, nn VAT but allow 12 00 0. p&p

Cluanfity discounts nevt.able
TRY US NOW WE'VE GOT WHAT YOU NEED.

E430 6.56
J300 NO
1310 534
MAW 390
511900 190
M.1901 3 10
7011000 250
3421001 300
M71800 360
M22500 2 19
M32501 7 25
/01.17955 100
V123000 2 19
MJ3001 2 25
MJ4507 399
41315003 416
14315004 556
6.4215015 246
M1150/6 334
/47E340 53p
941E350 1%
SUE 7955 fto
51263055
MPS405 23p
5105406 250
mP5410 Wp
M05412 rep
611'54 13 45p
3105/914 444
M05416 30p
1.4056 18 esp
MPSA2C 480
70454 41 490
389544 49p
38954" 2114

MPSA, 30v
MPS.' 404
MPS..., 4

MPS ;
54954 i%.
11454 3925

1.4051'.' 41,
MPS 5 ' 404
31451:0, 1340

31/54.0.61 1 37
5495U1E 550
5.405U0. 56/
51P5Lr/ /515

31451:5' leo
MPSUS5 Sip
5445456 5/0
3165u5/ 120
11[ 7* 230
Or 7.. 2S0
0(28 170
01-79 235
L/C35 235
0( 43 lop

624
'IC70 5,
DC H SOP
00. 17 504
OCR: 50p
0083 754
10.794 210
/10292 380
1114304 350
'gay/ 360

03,4 33p
1061/ lIp

3677

1,0371 lip
,19334 650
60)31 784
1.0348 74p
110141 Sep
110954 r01
119151 1 74
119364 t 29
6436, 1 79
'Pr A 49p
1594, 55p
1104124 550
1.9474 650
11049 170

11950
140

.453 1 57
454 156

714
00117 904
00104 (11p
1041, 96p
111,170. 690
6412; /34
11012' /165
119171 UP
1111% 930
119132 930
111135 914
1/013/ 994
11414 1 04
00142 1 04
10649 115
1141147 1 IS
1,1,147 4 95

/197955 774
11431159 700

115884 620
474104477 60p
09468, UP
056681 gcs.
71 0107 104
114108 104
/Y0109 10p
71%300 134
118301 154
118702 154
/14300 234
718304 154
71X310 350
/74311 32p

71 0712 Wap
718311 364
7143,4 24p
214370 3So
114330 354
710341 2110
1104511 39p
710503 144
21/1501 lip
214507 144
/14503 17p
719504 24p
211510 3417
21530 lip
/10531 254
710650 464

DIODES
3344 35p

13821 764
114923 924
13914 4p
13916 49
1341301 40
1144007 4Srp
134003 SP
111,14004

1314005 61
134006 l'ap
134007 1p
1340173 204
134148 314

1704150 160
154448 no
155400 120
16.5401 13p
135407 14p
155403 154
135604 lip
135406 lip
155101 144
135408 2DP
35024 570
1544 100
8/4107 Ep
48115 25p
RA 133 400
94138 300
94142 200
BA 155 16p
84156 31,/
08157 250

A:58 300
9 124

02 Op
201 '817

76p
6 75P

' :So
'Op

5P
OA 47C '119
08713 0)4
138016 I 1p
65176 200
0.171 27p
81 134 S2p
41182 126
8/706 360
O 5107 364,
00273 54
9.797 400

799 550
..117361 160

201.
.490 104
;491 100
A95 204

04706
082112 200

SCR, TB ACS
(PACS

THY141511N1P5

1, '9E3 174

44 1,013E44 494
 C MEV NW

1 664
' 1547 6111

414 ' 54. 71p

.719 lip
1,/ 1151 734
14 'At / 74
. 17f, 964

TOIACS

7(51144 66p
.250 14 744
.160 64 880

' 72

0016 s

7Sn

5041400' Illp
[08 .8701 %o

c 500
P5501 90. 719
005'04:4441, 11150

OPTO

410.45

Pao. 179,1

RSD 1p 70
160 150 120

ISp 120

64
lip 10p
124 104

254 229
274 259
274 250

lip 10P
174 134 231034 I99

715 lap MEM

41 5114
114500 291
TOASOCIC T11
TBASIO 2 95
7136510C. 303
184520 2 57
T84520(: 275
T134530 255
1845300 176
T64540 217
184540C 214
'04550 325
'0 ASSOC 327

4560, 267
237
248
3 39
394

. - 2 87

189 29P
424 3411
4277 340

11p
lip
144

1.144( AR 14,

7161(11 !moot s

1 3 871 140

010 414 .4,

Owul .100, lip
W02 1X11' 7119
e/0717401. 2119
W116181-.. 400

.11°11 916
O 0,44.665 1146

5/11/1101 379
50( 2(11, 606

950
3 66
440
2 15
2 IS
1 70
874

1 90

39p
95p
240
2 S4
6 95
9 SO
970

95

800
1 50

20
1 20

15
I 50
110
924
lip
92o
1 09
4 59

N. 14S, 670

1 50

5'8'.11 ISO50

51% 160
5110.'. 1 t 1

568 ,* 3 40
4,1845 1 40

N1-10. 74)
.71 34 111, 1 71D

A11131,11. I 93

140
1 19
694
36p
110
694
1 00
154
425
4 30

44
77l ,S

494
19' 170

41614 750
41/1391/ 250
:7791) 2.50

LI 13600 954
0M315 720
'9E5315 1 36
4061113 250
NE5443 1 95

5E555 16o
3E556 45p
3E558 109
3E560 325
5E5E6 118
3E566 1 49

3E567 37
NE570 4 0 7

36521 3 99
14(5534* 954

104I4I14 225
704112: 1%
/0426114 160
1)061 404
1106: 500
*1064 99P
11 011 254

11017 SOP

11 074 990
1, ow Ph
r. C137 509.

004 894
JO A 110 1 49
,14.41130 109

5700 IllSp
110(516:7 250
o4c1155 276
007206 292
75474 100
/3419 22S

740C 114
/100 114
/407 114
7403 12P
1104 1jp
1405 1544

/406 19p
/40? 154
3106 14p
7409 144
/411 161
7415 164
14,;- lep
/413 lip
1118 254
1410 19p
1471 1So
1422 1So
742, 19p
7477 190
7473 1.9.
7475 194
42E 1915

,477 199
1479 26/
143/. 144
7432. 22p
M3/ 27p
1437 2So
7438 214.
7440 15p
'441 5S4
1442 320
744! 990
44. 494

494
7440 594
144: 3%
'446 444
451 1Sp

ISp
'Sp
1444lx
344
15p

150915

/5P
250

-so 394
'0, 1 It
'4.1: 63p

3So
'QV 6%)

600
190

'1 168
'30 ZOP

354
?So
190

06. 360
'at On.
',99w 190

934
000
5015

6 254
354

1 504
.4 SSP

1.1 I 510

151,

4 '9 )54
t. 194

I:',550

. 1 75
14 1 95

/ 41,34 1 95

14'4 Ofs.
414/7 557/
'46.7 490

/4,54 49p
14:55 404

74156 3417
74157 21p
74159 7130

74160 590
74161 41110

74162 390
74163 390
74164 390
74165 399
74166 484
74170 125
74177 250
74173 590
74171 Sip
74175 49p
14176 394
74.177 45p
141711 790
14193 104
74191 1 19
14182 110p
14)84 sso
/4185 iSp
/4186 469
741813 250
74190 480
14191 41p
51191 454
74193 4Sp
/4154 400
14195 400
/4196 450
14197 31p
14198 MP
4199 130

74771 534

141400 114
74501 114
7/1402 114
IC 573 120

740504 1713
.41,05 124

` lip
lip
tip
ISp
240
130
1125

'IP
12p
170

114
'lc
40

14p

. 1 13p
2114

050
144

-1 140
14p
1.14,

. 111p

184
199.

/99)
160
41p
16p
244

' 29p
' 24p
' 39n

934
350

lo
190
7.15

320
16p
890
40

ISp
lop
14.

-

' 694
994
754

3 bp

394/
790

' 290
' 164

244
294
11p
359/
150
1S0
400
490

' 950

94
34p

1415116 484
45187 105
131 519e 364
,,5191 3160
.)/ 5192 364
4.5191 37p
'4, S194 220
d. 6195 lip
'4,51% 454
7415191 411p

141.5221 SO4
/445740 550
/465241 56p
74153: 559)
7415243 559/

524 50,
1415745 69p
14,5247 ISp
1415248 560
7445249 550
740x1

1415x3 XfP
7415257 21p
7415258 364
74S759 SSP
7415761 99p
/44570*, lip
14LS/73 S44
7115275 1 25
74)5779 /So
7415700 1199
74E4283 39P
74LS296 4 70
145790 3111
14 1 5 793 39p
'4)5296 744
/415298 790
7415299 1 49
415323 169
/415324 145
5115325 2 %
'416326 2 39
.415327 239
,41.5341 959
/45341 111117

1415352 5 I p
7416353 614
745367 725
/41 5365 290

16 5365 299
415367 290
14153(13 290
1415371 55p
AI 53/9 Sip
/415396 1 14
741 5390 Op
/ 4L 6393 42p
141 5395 no
1415396 1 %
16 5 398 775
74)5399 159
7415445 911p
144 5490 220

9540RIp
14, 145.41 710
141 5640 91p
Ai S341 ppp

10p
104

. 114
10. 494

1. 144
5... 374
I 6. 244

141,

150
. 1160

3 4 464
39p

a i99
s ' 32p

4So
' 254

42o
' 344)

. Wo
. . 12p

I 32p
1. 12p

/9/

394

1 140

1.,11 120
1,, 1 29

249
5 , 13
1 01 990
14. 40p
1.1. 404

041 390
44 3%

1' 99p
56 44p
s 3 394

1. 390
1 7, 72p
ccr 774

' 440

4977
 4 790
00, 630
4404 7IP
40' 9 435
46' 470
4063 790
4044 224
40, 239
40.21 144
1.64 154
44 /0 134
 11 139
41 134

154
134
Op

' 139
4710 ISp
44411 13p
4062 130
4016 490
7171W, 600
'7095 1 23
4093 19,
4,14 694
41.6. 71,
4e55 690
soo ' 741
sr% 144
44026 1191

15:1: 555
4541 3

4501 33,7
PION 1 26

451 454
451, Op
4C '2 404
4514 Ill
4515 Ill
4516 SSP

4511 391"
4519 29,7
4520 449
4521 MP
4526 WO
4527 424
4518 744

4532 690
4534 3 96
4536 2 59
4538 784
4539 no
4543 610
4553 2 25
4555 350
4556 350
4560 1 41
4566 1 49
45677 1 16
11, 39p

59p

7 0 4

CPU

1802 650
26504 11 99
0502 1 24
6830 2 10
6002 2 40
6609 620
8035 3 49
9060 10 50
41104 250
813354 3 49
SCUP? 2040
7804 2 98

MEMORIES

2114 20Ons 921
2537 2 96
2564 6 25
274. 4 25
7766 7 25
7716.55 2 10
4,16.700,9012
1118 3 775
4164 395
9101 .450/ 189
5201 7 50
6116 395
6511 330
6810 115
1489 1 65
74189 100
764799 325
7415188 2 25
71)5297 705
741 5788 2 IS

MISC LOGIC ICs
40001304
4DC0816 14 10
413601311 10 06
c557671 ?OM
1351711 20E0
802513.1 6 50
#0251344 650
54.5000 316
5445010 110
4445012 7 IC
5465020 550
5445030 900
4445040 15 00
5445041 15 00
6445050 11 SO

548 '5657 550
16156011 165
9176 954
8178 1 20
8195 /154
rg, 654
811535 904
8.5 CIE 854

904
854.
3 19
5

900
351
1 IC

82 6 990
8224 110
8776 250
0228 219
21304C 1C 160
290404s' 550

lk 270
3 39

rOLT AGE REGS

/131054 799
781124 294
191 154 29p
7E10744 791.

1 A.75710220
/19)51 3%
/6171 39p
4915T 190
19741 390

Neg....
10OrnA TO92

/9105 494
9), 12 490
191 15 494

1 Amp 10220
79051 44p
71'71 441,

44,,

21F SOCKET

SWITCHES

14991441Minal
49s.
550
6917

' 154
7 /5
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alMUII INTERNATIONAL
THE MOST COMPREHENSIVE RANGE OF COMPONENTS, KITS
AND MODULES IN THE WORLD & THERE'S ONLY ROOM FOR A
FRACTION HERE, GET THE CATALOGUE AND FIND THE REST.

ALWAYS USE STOCK CODE WHEN ORDERING PI EASE
1000 CMOS S114. 
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ALWAYS USE STOCK CODE WHEN ORDERING PLEASE

RETAIL SHOP OPENING HOURS
VISA Monday to Thursday 9 00-6.00

Friday 9.00-7.00 Saturday 9 00-5.30

C.

a

I -

ALL PRICES SHOWN EXCLUDE VAT. P&P 60p per order.

AMBIT INTERNATIONAL DEPT. P E.9

200 forth Service Rood, Brentwood, Essex
TELEPHONE STD 02111 230909 TELEX 995194 AMBIT G POSTCODE CM144SIG

ELECTRWriE
Understandably

Britain's most popular
and relied -upon

suppliers of
SEMI -CONDUCTORS

I.C.s
COMPONENTS

COMPUTING EQUIPMENT
TOOLS, BOXES, CONNECTORS

and much, much more
OUR SUMMER PRICE LIST TELLS ALL

Send for your FREE copy by return
BETTER PRICES, BETTER CHOICE, BETTER SERVICE

Don't forget to mention PRACTICAL ELECTRONICS with your request.

ELECTROVALUE LTD.
Head Office, Mail Order Dept and Shop

28 St. Jude: Road, Englefield Green, Egham. Surrey TW20 OHB
Telephone'Egham (STD 0784. London 87) 33603, Telex 264475

Also in Manchester hr personal shoppers at
680 Burnage Lane Burnage, Manchester M19 1NA Telephone 061-432 4945

EV Computing Shop -
700 Burnage Lane. Manchester Telephone 061-431 4866

MAIL ORDER
ADVERTISING
British Code cf Advertising Practice
Advertisements in this publication are required to conform to
the British Code of Advertising Practice. In respect of mail
order advertisements where money is paid in advance, the
code requires advertisers to fulfil orders within 28 days, unless
a longer deliveN period is stated. Where goods are returned
undamaged within seven days, the purchaser's money must be
refunded. Please retain proof of postage/despatch, as this may
he needed.

Mail Order Protection Scheme
If you order gcods from Mail Order advertisements in this
magazine and pay by post in advance of delivery, PRACTICAL
ELECTRONICS will consider you for compensation if the
Advertiser should become insolvent or bankrupt, provided:
(1) You have not received the goods or had your money

returned; and
(2) You write tc the Publisher of PRACTICAL ELECTRONICS

summarising the situation not earlier than 28 days from the
day you sent your order and not later than two months
from that day.

Please do not wait until the last moment to inform us. When
you write, we will tell you how to make your claim and what
evidence of payment is required.
We guarantee to meet clais from readers made in accordance
with the above procedure a soon as possible after the
Advertiser has been declared bankrupt or insolvent.
This guarantee covers only advance payment sent in direct
response to an advertisement in this magazine not, for example
payment made in response to catalogues etc, received
as a result of answering such advertisements. Classified
advertisements are excluded.
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YOUR CAREER . YOUR FUTURE . YOUR OWN BUSINESS YOUR HOBBY

THIS IS THE AGE -OF ELECTRONICS !
the worldt faslest Twin industry ..

There is a world wide demand for designers/engineers and for men to service and maintain all the electronic equipment
on the mar<et today - industrial - commercial and domestic. No unemployment in this walk of life!
Also - the most exciting of all hobbies - especially if you know the tasic essentials of the subject....
A few hours a week for less than a year - and the <nowledge will be yours...
We have had over 40 years of exp3rience in training men and women successfu ly in this subject.

Our new s yle course will enable
anyone to hare a real understanding
of electronics by a modern, practical
and visual me- hod. No previous
knowledge is equired, no maths, and
an absolute rrinumum of theory.

You learn by the practical way in
easy steps, mustering all the essentials
of your hobbv or to start, or further, a
career in electronics or as a self-
employed sericing engineer.

All the training can be carried out in
the comfort cf your own home and at
your own pace. A tutor is available to
whom you can write personally at any
time, for advise or help during your
work. A Certificate is given at the end
of every course.

You will do the following:
 Build a modern oscilloscope
 Recognise and handle current epc:ronic

components
 Read, draw and understand circuit diagrams
 Carry out 40 experiments on basic

electronic circuits used in modern
equipment using the oscilloscope

 Build and use digital electronic cir:uits
and current solid state 'chips'

 Learn how tp test and service every type
of electronic device used in indust-y and
commerce today. Servicing of radio, T.V.,
Hi Fi, VCR and microprocessor/computer
equipment.

cAcc
I British Piatimal RadiodeElectronics School Re3.ding,Berks.RG1 1BR

Please send your brochure without any obligation to

1
COLOUR BROCHURE

NAME

I
I

I

I

I

PE/9/841

ADDRESS

BLOCK CAPS PLEASE

I am interested in

COURSE IN ELECTRONICS
as described above

RADIO AMATEUR LICENCE
MICROPROCESSORS

OTHER SUBJECTS
please state below

I
I
I

I

OR TELEPHONE US
0734 51515 OR .."-CRIK -0; 74; 4L -C;

TELEX 22758
.21P PVICE) CACCLiti:iii;hNational Radios &Electronics School Reading,Berks.RG1 1BRJ
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The Largest Electronics Retailer In The World

Compact 31/2 -Digit
16 -Range Multimeter

£3495

Ideal For The
Electronics Hobbyist

.....nzar on. n

1

 Fused and Overload
Protected

 10 Megohm Input

Digital accuracy at a practical price! DC volts: 2-20-200-2000V
(max. 1000V), AC volts: 2 20-200-2000 (max. 500V), accurate
from 45 Hz to 10 kHz. DC Current: 2-20-200mA-2A.
Resistance: 2-20-200-2000k Ohms. 53/16 x 31/4 x 17/16".
Includes spare fuse, test leads. Requires 2 "AA" batteries
22-189

27 Ranges - 30,000
OhmsNolt Multimeter

£2295
Ideal For

Workshop And
Field Testing

 Colour -Coded
4" Mirrored
Scale

 Single -Knob
Function Switch

 Polarity Reverse
Switch

Features output jack and DC polarity reverse switch. DC Volts:
0 to 1000, 8 ranges. AC Volts: 0 to 1000, 5 ranges. DC Current.
0-10 amps, 5 ranges. Resistance Rx1, Rx10, Rx1000,
Rx10,000 (10 ohms centre scale). dB: -10 to +62, 5 ranges.
Requires one "AA' , one 9v battery. 61/4 x 41/2 x 13/4"
22-203

Microntarm 50K
OhmsN Multitester

I
£279

 Votts/
Amps
' Range -
Doubler

 414"
Mirrored
Scale

Convenient single -knob function
switch DC Current 0 to 10 amps
Resistance. Rxl Rxl 0, Rx100,
Rx1k, Rx10k. AC/DC V: 0 to 1000.
Requires batteries. 22-204

Dynamic Transistor
Checker

 Makes Go/
No -Go Tests
On Small
Signal and
Power Types

Indicates relative current gain,
"opens", "shorts". Socket plus hook
clip leads for in -circuit tests. Output
jacks for external meter or scope.
23/4 x 43/8 X 3/le". Requires "AA"
battery. 22-025

MicrontaT"
Clamp Meter

£2795
 Overload

Protected
 Pointer Lock

Switch

Measure AC current without
disconnecting or breaking the line
being checked. Large range selector
is positioned for one -hand operation.
Incorporates a pointer lock switch
(for reading later). AC current: 0-6-
15-60-150-300 amperes Accuracy:
±3%. 22-160

Microwave Leakage
Detector

95  Checks Microwave
Oven Door
Seals

Compact and light microwave
leakage detector is easy to use -
move along the door seals of your
microwave cooker and the meter
indicates the relative amount of
microwave energy. Not a
certficabon instrument.
Measures just
11/16 x 17/8 x 41/2". 22-2001

OVER 340 STORES AND DEALERSHIPS NATIONWIDE Known as Radio Shack In the USA
r- ,-- Prices may vary at dealers

Check your phone book for the Mindy, Store or Dealer nearest you Al Im Offers subject to availability
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TOO GOOD
YOU have never had it so good, a

comment that is almost guaranteed
to put backs up even before any
clarification. However, this was felt
recently when we needed to order
some items. Perhaps it would be more
accurate to say things are not good in
other areas and this makes us thankful
for the distributors and retailers in the
electronics industry.

What was it we were ordering? Not
a special gear wheel for a sewing
machine made in Outer Mongolia but
simply some control knobs for a

current Thorn/EMI dcmestic appliance.
Similar to the sort we fit every week to
our projects, but of course the spindle
size just had to be different and we
wanted the knobs to match existing
ones. Therefore it was no good order-
ing from one of our advertisers. Had we
been able to the knobs would have
cost about Cl each, we could have
ordered with a credit card over the
'phone, or even by computer via a

modem, and the order would probably
have arrived after a few days. Not a
bad service considering that many
retailers stock more than 5000 items,
most of which are worth less than
about £2. Postage would have been
about 50p maximum.

LUCK
Just contrast this with the

Thorn/EMI story: First we asked about
replacement parts in the local ap-
pliance showroom - a large indepen-
dent retail chain - a very helpful assis-
tant informed us that it would be best
and quickest to contact the manufac-
turer direct. The assistant supplied an
address but did not have a phone num-
ber. He wished us luck; we later found
out why! Back at the office a call to
directory enquiries resulted in two
phone numbers, for different factories,
and a local Thorn/EMI department
number. Now the story begins:

Dial the first number, a lady quickly
answers, we inform her we want to or-
der some replacement knobs. "You
have to go to your local "electric' to or-
der them".

"But we were told to phone you
direct, it would be quicker."

"Everyone knows we don't deal
direct anymore" she says, ending the
conversation.

We decide to try the other number
- no reply. We try the local depart-
ment instead. They are helpful and tell
us to phone the second number, for a
price and how to order, but since it is
after 4.00 on Friday they will be closed.

Monday morning, we dial the num-

ber, engaged, try again - engaged, try
later - engaged, try again . .

Anyway, Tuesday we get through, we
even get to the right department (after
being cut off once). "Yes Sir we can
supply. The price is £3.28, how many
do you want?"

"Only one set of four."
"No Sir, that is £3.28 each - plus

VAT of course."
"Why are they so expensive? They

are cnly simple knobs!'"
"Don't know Sir, but the price is

correct. Just send us a cheque."
Still amazed at the price we ring off

and send the cheque, with a letter
asking why they are so expensive. Ten
days £15-08 (we could buy five Z80
microprocessors for that!), four phone
calls and a letter later the knobs ar-
rive-they are not gold plated' The
following printed note is attached:

. it should be remembered that
recent inflation has upset the relation-
ship between parts prices and the
original cost of appliances'.

EDITOR Mike Kenward

Gordon Godbold ASSISTANT EDITOR

David Shortland ASSISTANT
EDITOR/PRODUCTION

Mike Abbott TECHNICAL EDITOR

Brian Butler TECHNICAL SUB EDITOR

Jack Pountney ART EDITOR

Keith Woodruff ASSISTANT ART EDITOR

John Pickering SEN. TECH. ILLUSTRATOR

Isabelle Greenaway TECH. ILLUSTRATOR

Jenny Tremaine SECRETARY

ADVERTISEMENT MANAGER
SECRETARY

AD. SALES EXEC.

CLASSIFIED SUPERVISOR

AD. MAKE-UP/COPY

D. W. B. Tilleard

Christine Pocknell
1 01-261 6676

Alfred Tonge 01-261 6819

Barbara Blake 01-261 5897

Brian Lamb 01-261 6601

Technical and Editorial queries and letters
(see note below) to:
Practical Electronics Editorial,
Westover House,
West Quay Road, Poole,
Dorset BH 1 5 1JG
Phone: Editorial Poole 671191
We regret that lengthy technical
enquiries cannot be answered
over the telephone

Queries and letters concerning
advertisements to:
Practical Electronics Advertisements,
King's Reach Tower,
King's Reach, Stamford Street, SE1 9LS
Telex: 915748 MAGDIV-G

Letters and Queries
We are unable to offer any advice on the
use or purchase of commercial equipment
or the incorporation or modification of
designs published in PE. All letters requiring
a reply should be accompanied by a stam-
ped, self addressed envelope, or addressed
envelope and international reply coupons,
and each letter should relate to one
published project only.

Components and p.c.b.s are usually
available from advertisers; where we antici-
pate difficulties a source will be suggested.

Back Numbers
Copies of most of our recent issues are
available f -om: Post Sales Department
(Practical Electronics), IPC Magazines Ltd.,
Lavington House, 25 Lavington Street,
London SE1 OPF, at £1 each including In-
land/Overseas p&p. Please state month and
year of issua required.

Binders
Binders for PE are available from the same
address as back numbers at £5.50 each
to UK or overseas addresses, including

postage and packing, and VAT where ap-
propriate. State year and volume required.
Subscriptions
Cop es of PE are available by post, inland or
overseas, for 13.00 per 12 issues, from
Practical Electronics, Subscription Depart-
ment, Oakfield House, Perrymount Road,
Haywards Heath, West Sussex R H 16 3DH.
Cheques, postal orders and international
money orders should be made payable to
IPC Magazines Limited Payment can also
he made using any credit card and orders
placed via Teledata Tel. 01-200 0200.
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Items mentioned are available
through normal retail outlets,
unless otherwise specified.
Prices correct at time of going
to press.

JET STARTUP CASE HARDENED
The JET (Joint European Torus) experiment which was the subject of a
feature in the June issue of PE was operated for the first time at Culham
in Oxfordshire during the weekend of 25/26 June 1983, having been com-
pleted on time and within a few per cent of the cost estimates made in
1975 (taking inflation into account. This marks the culmination of a five-
year construction programme, costing £175 million at current prices,
which has been carried through by an international team drawn from the
11 European countries participating in the Project.
JET is the largest and most ambitious
tokamak in the world and has been con-
structed mainly with funds from the Euro-
pean Communities, as part of the
EURATOM Fusion Programme. Completion
of the construction enables the start of a 7
year programme of experiments to deter-
mine the feasibility of using nuclear fusion
to provide a long term energy source.
Several further steps beyond JET will be re-
quired to reach a commercial nuclear fusion
power station in the next century.

The conditions obtained during the start-
up operation of JET were very modest com-
pared to the ultimate performance expec-
ted. A current of 60 thousand amperes was
passed through a low density hydrogen gas
for a period of one tenth of a second, con-
verting the gas to a plasma. In the en-
visaged JET experimental programme this
current will be progressively increased to
around 5 million amperes. In later years
massive additional heating equipment
(25MW) will be added to the machine with
the aim of raising the hydrogen plasma to a
temperature around 50 million degrees for
periods of about 10 seconds. If this is suc-
cessful then towards the end of the project
deuterium and tritium gas instead of
hydrogen will be introduced into the
machine to produce fusion reactions, when
it is hoped that the self -heating effect will
further raise the temperature to the re-
quired 100 million degrees centigrade, hot-
ter than the centre of the sun, releasing

bursts of high energy neutrons. In a future
fusion reactor these neutrons will be the
source of heat for producing electricity. Of
the various fusion experiments in the world
only JET and the American TFTR tokamaks
have been designed to operate with
deuterium and tritium plasmas. Neither JET
nor TFTR have, however, been designed to
utilize the energy from these neutrons.

The successful completion of the JET
device is a major step forward in the
development of nuclear fusion as a new
source of energy for Europe. If the outcome
of the experiments on JET is positive then it
will still be necessary to build another
machine to study and solve the engineering
and technological aspects of fusion before a
demonstration reactor can be built. It will
therefore be well into the next century, ie
2020 - 2030, before a commercial nuclear
fusion power station could be built.

Crofton Electronics have just launched
a replica of the case for the BBC Micro
in sheet steel. Although the case is
heavier than the original it is strong
enough to support disk drives and a
monitor.

Fitting the case is quite straight-
forward and only requires a few simple
hand tools. The keyboard surround,
back label and input/output labels are
merely taken off the original case and
refitted to the new one by means of
double sided Sellotape.

Crofton also intend to produce an
alternative top cover with an integral
floppy disk housing with a platform
large enough to support a 14" colour
monitor.

The retail price of the standard case
is £39.50 inclusive. Crofton Electronics
Ltd., 35 Grosvenor Road, Twickenham,
Middlesex TW1 4AD (01-891 1923).

BATTERY MONITOR
A new device has been developed by S&W
Battery Charging Systems Limited to pre-
vent premature battery failure and to
reduce the costs of battery maintenance.
This unit may be simply inserted between
the charger and the battery.

No larger than a matchbox, the unit is
designed to constantly monitor battery
voltage without interrupting the system.
Once the cells are fully charged, the con-
troller will pass only sufficient current to
maintain the battery in a fully charged con-
dition without overcharge.

The controller which can easily be fitted
into existing charging systems can be ad-
justed externally to give a variety of
voltages, thereby making one unit suitable
for a wide range of lead acid or nickel cad-
mium batteries.

The unit is priced at E19.95 including
VAT and p&p. S&W Battery Charging
Systems Ltd., Nailsea Trading Estate,
Southfield Road, Nailsea, Bristol (0272
855161).

Software library
A program library is being formed to keep
up the supply of software for
OSI/UK 101 computers.

Programs will be available, several to a
tape, for a small charge to cover
professional duplication, post and packing.

The library is looking for anyone who can
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Malin= MACH
donate programs (a major ex -dealer has
generously offered to donate his entire
program range already) or help in any other
way.

Tape 1, to get things moving, is available
now for £2.50. Contents include games,
novelties and BASIC Remember and tape
file programs, all of which run under CE
GMON, preferably with an enhanced
screen. All cheques to the 'OSI/UK Program
Library' please, to the address below.

For further details see the OSI/UK User
Group Newsletter or contact Mr F. J.
Leonhardt, 2, Birchmead Avenue, Pinner,
Middlesex HA5 2BG (01-866 7010)
weekends.

PAN 2001
The Pantec Pan 2001 is a high quality
multimeter which is available by mail
order from Electronic & Computer
Workshop Ltd., priced at £99.00 plus
£1 .00 p&p and VAT.

The unit will measure d.c.-a.c.
voltages from 100µV to 1000V in 5
ranges; d.c.-a.c. current from 1µA to
10A in 6 ranges; resistances from 0.1
ohms to 20Mohms in 6 ranges and
capacitance from 1pF to 20µF in 5
ranges. An optional temperature
measuring facility gives a 50°C to

150°C measuring range.
Specifications include a 31 digit

19mm I.c.d., automatic polarity,
overload indication and battery test, a
10Hz to 30Hz frequency range, with
protection on all ranges up to 250V
a.c./d.c. Power consumption is low
with battery life in excess of 200 hours'
continuous operation.

Electronic & Computer Workshop
Ltd., 171 Broomfield Road,
Chelmsford, Essex (0245 62149).

P.c.b. Services
Unless it is otherwise stated in the compo-
nents list p.c.b.s for projects in PE can be
obtained from the following suppliers:
Proto Design, 14 Downham Road,
Ramsden Heath, Billericay, Essex CN11
1PU (0268 7107221
Bradley Printed Circuits, 9 Harcourt
Terrace, Headington, Oxford (0865 60741)
Magenta Electronics Ltd., 135 Hunter
St., Burton -on Trent, Staffs DE14 2ST
(0283 654351
Payne Electroprint Ltd., Marcus Road,
Dunkeswell, Honiton, Devon EX14 ORA
(040 489 6461
Stanfield, 96 Woodend, Handsworth
Wood, Birmingham (021 357 7621)

TOOL RANGE
A range of seven precision instrument pliers
have been added to the Draper selection of
high quality hand tools for the electronics
market.

The tools are intended to give lifelong
trouble free service under everyday working
conditions and are all manufactured in in-
duction hardened chrome vanadium steel
with blue PVC coated handles.

The range includes both short, straight
and bent needle nose pliers. Flat nose pliers
and plain, thin jaw and angle head cutting
pliers. All are ideal for miniature electronic
assembly, model making and precision

engineering applications.
They are priced between £5.26 and

E6-85 each (plus VAT). Draper Tools Ltd.,
Hursley Road, Chandler's Ford, Eastleigh,
Hants. S05 5YF (04215 66355).

4'12 DIGIT DMM
Keithley Instruments have announced a 44 -

digit DMM with a current measuring
capability to 20A. The unit, model 179A,
has a large I.e.d. display with a full scale of
20,000 counts (4. digits). It can measure
a.c./d.c. voltages from 10µV to 1000V full
scale, resistance from 0.1 ohms per digit to
20M0 and a.c. and d.c. current from 10µA
up to 20A. The a.c. conversion technique is
TRMS which provides accurate readings of
ccmplex waveforms over the frequency
range of 45Hz to 20kHz.

Hi -Lo ohms is fitted as standard for easy
in circuit resistance measurements.

The 179A which is priced at £229.00
excluding VAT and p&p can be connected
as a talker to a controller using the model
1793 IEEE interface. A BCD interface and
rechargeable battery pack is also available.
Keithley Instruments Limited, 1 Boulton
Road, Reading, Berkshire RG2 ONL (07341
861287.

Silicon News Corner
Bulletins announcing new semiconductor
devices arrive at PE daily, so it is possible
only to describe them briefly. Details of how
to obtain further information are included,
however.
Motorola 10 The H 1 IAA I and H 1 IAA2 are
two new dual I.e.d. opto-couplzrs with back-
to-back (a.c. mode) IR I.e.d.s. Isolation is to
7500V and they are directly interchangeable
with GE 1-1 1 IAA I/2.
10 The LM137 series regulators are 3 -terminal,
adjustable negative voltage units with internal
current limiting, thermal shut -down and safe
area compensation. They are virtually blow-
out proof, remaining so even if the adjustment
terminal goes o/c.
10 A 7 -bit high speed parallel ADC employing
ECL process. Comprises 128 parallel latched
comparators across a high quality input
reference network. Overrange output allows
paralleling of the ADCs. These 15MHz
devices are called MC 10315L and
MC 10317L. Input from -2V to +2V.

MOS power transistor range with
breakdown voltages up to 900V. Eight types,
each 3A Id: MTM3N55 to MTM2N90
(T03), and MTP3N55 to MTP2N90 (TO -
220). Motorola Ltd., York House, Empire
Way, Wembley, Middlesex.

Marconi I Unique rugged glass -wall diode
w th 2500GHz cut-off frequency, called the
DC1346. Has low capacitance and resistance.
Marconi Electronic Devices Ltd., Dod-
dington Road, Lincoln LN6 OLF.
Mitsubishi A mass produced 64K Mask
ROM capable of high speed reading (250ns
access). Consumes 40mA (10mA standby), is
TTL compatible, organised as 8192 x 8 bits,
and is called the M5M2364P. Mitsubishi Elec-
tr.c Corp.
RCA 10 10A Versawatt SCR added to
sensitive -gate family. The S4060 has µA gate
sensitivity with working voltages up to 800V,
and current surges up to 120A. Thermal
resistance is only 2°C/W. Comes in plastic
TO-220AB package. RCA, Lincoln Way,
Windmill Road, Sunbury -on -Thames, Mid-
dlesex.
Hitachi. DMA controller called HD68450 is
fist of a new family of intelligent 68000 sup-
port chips. Transfer rates of 2 megawords/Sec
possible. Four channels/chip, each with
16MByte memory addressing. Can mix 8 and
16 bit operation, and can monitor system and
then automatically adjust data rates to max-
imum efficiency. Hitachi Electronic Compo-
nents (UK) Ltd., Hitec House, 221 Station
Road, Harrow, Middlesex.
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'FUNCTION
GENERATOR
The TG101 is mains operated 0.02Hz to
200kHz function generator with selectable
waveforms of sine, square, triangle and d.c.
from a variable amplitude 6000 output. A
TTL output is also provided.

Frequency is selected by a five position
range switch and a calibrated vernier or can
be controlled by the sweep input which
enables the generator frequency to be ad-
justed or modulated by an external control
voltage. Both vernier and sweep input can
give >1000: 1 frequency change within the
selected range. Typical external sweep
range is 10,000: 1.

A single vernier plus two position
switched attenuator control the level of the
600[ variable output over a >80dB range
up to a maximum of 10V peak to peak. D.C.
offset is switch selectable and the vernier
provides adjustment of up to ±5V.

The TG101, which is priced at £99 plus
VAT, is housed in a ABS case measuring
255x 150x 50mm and weighs 1200gms. It
will operate from a 50/60Hz supply of
100-120V a.c. or 200-240V a.c.

Thandor Electronics Limited, London
Road, St Ives, Huntingdon, Cambs PE17
4HJ (0480 64646).

Robot Race
Teenagers in 21 schools are tuning up their
computers for Britain's first "race of the
robots."

At stake is more than £2,000 prize
money offered by BP Oil in their
Buildarobot Competition in which schools
have been challenged to design and build
their own classroom robots.

Although the full details of the microchip
marvels are remaining strictly under wraps
until the competition finals in October, one
school has already revealed that its robot
could be used for finding lost golf -balls,
while another could be adapted to serve
afternoon tea.

The competition itself, run as part of the
oil company's "Challenge to Youth" series,
has actually set less daunting tasks. Teams
have been given two options - to design a
robot which will retrieve and return a cube.
or to make a robot to carry out a specific
task of their choosing.

The winners will be decided at the Royal
Electrical and Mechanical Engineers' Arbor -
field Garrison on 23 and 24 October.

Boys at Shrewsbury School are using an
immensely powerful microchip, and parts
salvaged from a 20 -year -old mainframe
computer to build their self-contained robot
in the "free choice" section. In the competi-
tion, its job will be to search out a route and
then locate an object.

'We've tried it out in the school court-
yard, and found that it could be program-
med to bring me a gin and tonic without
knocking over any ornaments, or else serve
me with afternoon tea in my garden," said
the school's head of computing. Mr Roscoe.

Table Tennis Challenge
The technical successes and popularity

of the "Micromouse" competition has
enthused Dr. John Billingsley, of the
department of Electrical & Electronic
Engineering, Portsmouth Polytechnic, to
throw down the gauntlet to the robotics
fraternity. This time, build robots that can
play table tennis (modified ping-pong,
really), and do it in readiness for 1986.
Perhaps computerised mice can extricate
themselves from a fiendish maze too easily,
but the contending robots of ping-pong will
need sophisticated vision systems if they
are to avoid the humiliation of a comical
defeat.

A number of rules have been decided
upon: No mainframe link -ups. No laser
vision systems, in deference to the ocular
health of the spectators. The bat size is not
to exceed a diameter of 12.5cm, but it
needn't look like a conventional bat. The
projecting force could come from a spring -

loaded mechanism within the bat, as
opposed to a swing of the robot arm.

Doctor Billingsley points out that the
fastest net -skimming return from a low ball
takes just under 0.5 seconds from bat to
bounce, and has a vertical velocity on boun-
cing of just over two metres per second-
"Within the performance of the servo's of
any self-respecting high-speed plotter!" A
lob may allow more time for the opposing
robot to respond, but will impart double the
vertical ball velocity. The table is especially
designed to accommodate a ball -serving
mechanism, along with physical barriers to
the robot competitors themselves, who
must perform within specified boundaries.
The scoring system will probably be based
on the lengths of rallies, or number of retur-
ned shots. For more information, interested
parties should contact Dr. Billingsley at
Portsmouth Poly', Anglesea Road, P01
3DJ.

Meanwhile, both the Royal Latin School,
in Brookfields, Bucks, and the Rednock
Comprehensive School in Dursley,
Gloucestershire, are building robots for the
cube -retrieval section of the competition.

Five boys at the Royal Latin School are
using two miniature radar transmitters to
home their robot in on the cube, guided by
a special program they have written for the
school's BBC computer.

Two Rednock schoolboys are using
stereo ultrasonics for the miniature
"guidance system" which will steer their
robot close to the cube before arms fitted
with sensors shoot out and grab it.

To prevent the competition from taking
on too much of a "hi -tech" atmosphere, the
organisers are planning an "It's a

Knockout" interlude in which the schools
will take on teams from REME, the judging
panel, and BP in sports ranging from
snooker to swimming.

More than 200 schools originally entered
the competition, and the 21 who have
reached the finals have each been given
£100 to complete their robots. BP's
"Challenge to Youth" series also includes
competitions for young people to design
and build their own cars, motorcycles and
hovercraft, as well as providing grass -roots
coaching in sports such as rugby and
squash.

COMPATIBLE I.e.ds
Stotron are now able to supply a range
of standard and flat plane viewing I.e.d.
lamps at competitive prices. Miniature
and standard sized I.e.d. indicators are
available, with red, green or yellow dif-
fused lenses. These are all compatible
with TTL, CMOS and MOS circuits.

Round I.e.d. lamps with a flat plane
viewing surface are also available with
the above three colour options, and tri-
angular, rectangular and square lamps
are available with orange lenses.

le 0 7
 -

One rectangular series with a lighted
area of 0.220" x 0.125" is stackable in
X or Y direction and is supplied com-
plete with mounting grommet.

Stotron Ltd, 72 Blackheath Road,
Greenwich, London SE10 8DA 101-691
20311.
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11111alliCH: MACH
Briefly...
BICC, the British cable manufacturer and
Corning Canada, an optical fibre company,
have formed a partnership to produce fibre
optic cables. The two companies have set
up a new firm called Optical Fibres and
have built the World's first purpose-built
factory for the production of optical fibres in
Deeside, North Wales. 

The latest technology has come to the
aid of the visually handicapped writer, in
the shape of a device called the
Microbrailler MB2400. This 1 Mbyte braille
word processor is manufactured by
Erleybridge Communications, and is inter-
faced to that company's speech terminal.

To assist the partially sighted, Wormald
International Sensory Aids has produced an
information handling system called the
Viewscan Text System (VTS) that can
receive information from public data bases.
Viewscan comprises a display screen
capable of presenting extra bright charac-
ters of up to three inches in height, and is
linked to a miniature hand-held camera for
reading the printed text.

Blind, and partially sighted DP

professionals, of which there are about 200
in Britain, are able to keep abreast of
developments by way of courses documen-
ted in braille. The British Computer
Association of the Blind organises two
courses each year (courses which maintain
very high standards) through the RNIB-
this latter organisation being responsible
for placement.

The chemical giant ICI is investing (10
million over the next three years in the crea-
tion of an electronics group dedicated to
technological advances, rather than the
exploitation of existing markets. ICI's new
venture will orbit around i.!.5 400,000
unmarketed chemicals; chemicals which
might have applications in resists, display
dyes and data storage, to an estimated
value of (100 million by the end of the
decade.

Scientists at the Texas Agricultural
and Mechanical University have
brought nearer the day when vehicles
can be economically run on hydrogen
extracted from water. Using elec-
trolysis to separate water into its con-
stituent components, hydrogen and
oxygen, was previously only possible
at an efficiency between one and five
percent, but the new technique has

passed the 12 per cent mark. This
breakthrough is considered very ex-
citing because hydrogen, being a light
element, is potentially suitable as an
aircraft fuel. The exhaust created upon
combustion is water, so hydrogen also
has ecological advantages.

Clive Sinclair is sinking E2 million into a
Cambridge based research establishment,
to De called MetaLab. This will be a think-
tank and spawning ground for high risk
ideas. MetaLab is intended to regurgitate
actual commercial launches in fields rang-
ing from battery technology to robotics.

Graduates of French polytechnics
can now circumvent conscription into
ntrional service for 12 months, by
providing a term of computer training
to the country's unemployed
yoingsters. 12,000 graduates have
already given computer education to
yoiths in this novel scheme which
President Francois Mitterrand hopes
wi I help to close socialist France's
technology shortfall. It remains to be
seen whether, or not, mere two -month
crash courses will burgeon a Gallic
workforce of competent computer
technologists.

3nurilinti
Please check dates before setting out, as we cannot guarantee the ac-
curacy of the information presented below. Note: some exhibitions may
be trade only. If you are organising any electrical/electronics, radio or
scientific event, big or small, we shall be glad to include it here. Address
details to Mike Abbott.

Acorn Exhibition Aug. 25-28. Cunard Int. Hotel, Hammersmith, Lon-
don. J3
BARTAG Rally (radio teleprinter) Aug. 29. Sandown Park, Esher,
Surrey. E2
Light Aviation Show Sept. 1-3. Cranfield Institute, Bedfordshire. Z1
Electro West Sept. 6-8. Bristol Exhibition Centre. Q
CAST (Cable And Satellite Television) Sept. 11-14. NEC. F5
Weldex Sept. 12-16. NEC B/ham.
Testmex Sept. 13-15, Grosvenor House, Park Lane, London. E
Home Entertainment Spectacular Sept. 17-25. Olympia. 12
Peterborough R & ES Mobile Rally Sept. 18. Wirrina Stadium, Bishops
Rd., Peterborough. L2
Personal Computer World Show Sept. 28 -Oct. 2. London. M
Laboratory London Oct. 12-15. Barbican Centre. E
Drives/Motors/Controls Oct. 12-14. Leeds University. E
Analyticon (ex. & conf.) Oct. 12-14. Barbican Cntr., London. L4
Computer Graphics Oct. 18-20. Wembley. 0
PARC (computers in architecture, conf.) Oct. 18-20. Wembley. 0
International Business Show Oct. 18-26. NEC. T
Business Efficiency Exhibition Oct. 22-26. Earls Court, London. Z

Electronics Hobbies Fair Oct. 27-30. Alex Pavilion, London. Z1
Electronic Displays Nov. 1-3. Kensington Ex. Centre, London. D4
Brainwave (computing/video) Nov. 4-6. NEC Birmingham. G2
Home Tech Nov. 11-13. Ex. Cntr., Bristol. F3
Test (and Environmental Test). Nov. 15-17. Wembley Conf. Cntr. T
Compec Nov. 15-18. Olympia, London. Z1
lntron Nov. 22-24. RDS Hall, Dublin. V
Northern Computer Fair Nov. 24-26. Belle Vue, Manchester. Z1
Automatic Testing/Test/Instruments. Dec. 13-15. Metropol(
Brighton. D4
BEX Bournemouth 84 (Business Equipment). Feb. 8-9. Pavilion. K

D4

E2
F3
F5
G2

12

J3
K
L2
L4
M
O

Q
T
V

ZI

Network ( 02802 5226
Evan Steadman if 0799 22612
BARTG 89 Linden Gdns., Enfield, Middx.
Tomorrow's World f 0272 292156
Cable & Satellite ( 01-487 4937
Clapp & Pollak e 01-747 3131
Industrial Trade Fai-s ( 021 705 6707
Alan Taylor ( 01-486 1951
Computer Marketplace ( 01-930 1612
Douglas Temple 0202 20533
D. T. Wilson, 4 Conway Ave., Peterborough
Scientific Inst. Manufacturers' Assn. 01-437 0678
Montbuild 01-486 1951
Online 09274 28211
Exhibitions for Industry ( 08833 4371
Trident ( 0822 4671
SDL Exhibitions ( Dublin 763 871
BETA Exhibitions ( 01-405 6233
IPC Exhibitions 01-643 8040
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IL IF 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'RE INSTRUMENTAL
IN MAKING A LOT

OF POWER
In keeping with I LP's tradition of entirely 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 amplifier technology ILP
are recognised as world leaders.

BIPOLAR MODULES

Module
Number

Output
Poem
Will.
rms

Load
Impedance

11

DISTORTION
T H D
Typal
168,

I 14.13

60Hti
71(14/ 4 I

Supply
Volume

TYP

Sue
mm

WT
ems

Prpe
Inc

VAT

,1.0151. <DOM% 0 18 76  68 . 40 240 1.8.4()
0.01 5% <0.01)60. I 25 76 . 68 . 40 740 09.55

I .1.1115% <0.0116% 0 25 120. 78  40 420 118.69
1 ( 0,13 <0.006% 126 120  78  40 410 (20.75

r. 1 4 0.0 i 1, <0.0(16% 135 120 . 78  40 410 120.75
0 .13. <1110)6% 135 120. 78 a 50 520 125.47

..17 1,5 H 0.015 <0.006% t 50 120. 78  50 520 (25.47
14 .1 0.01, <0.006% t 45 120.78. 1161 1030 (37341

ROI, <0006% 06(1 120 . 78 x 100 1030 13E1.41

Protect on Full toad 1.ne. Slew Rate 15e/p1 Ftrieurne Sus. SIN 1 no 100db.
requency ,eloonse -3481 158 SOKHz. Input sensdecrty 500enV rms.
nput Impedance 1001( 11 ()ampule factor 1008( 0400.

PRE AMP SYSTEMS

Module
Number

Module Funcloorn Cowen.
Required

Price me
VAT

V
.. iol/HasslTleMe
no.  Vo /Bass/Tn.ble/LIPance

.o. / , . ,,,. , , am, la, (,0 tar (bass leadl and M.
004,10. VoIkoneltis 1,A6A M..

70mA 115.36

2OrnA 114.70

Most me amp "nodules cm be driven by the PSU d.png the men power WV
A separate PSU 30 3 ...able pure!) for pre amp modules Il (*purred Inc
(5.47 tmc. VAT I. Pre -amp and rmx.ng modules in 18 dollerent vertaleCons.
Please send lo, detals.
Mounune Boards

m ease of construc bon we recommend the BB for modules 816 HP 13 C105
PATI and the BIM for modules 14766-H178 El 29 (mc. VAT/

POWER SUPPLY UNITS .P 'HI ow'

Model
Number

For Um With P.c. ox.
VAT

PSU 210 1 ,,, 2 11, 30 (11.9.1
PSU 41% 1.1,2 PO 60. 1 . ,0, 60)60. 1 . 14 ) 174 (13.83
PSU 420 '  07128 015.90
PSU 430 I . MUS128 116.70
PSU 510 2 . 01178. It 01244 (17.07

MOSFET MODULES

Module
Numb..

OolOol
Power

Woo
ITS

Load
Impedance

si
I DISTORTION

T.H.D.I M D
Typal 6080/
168. 71(He 4.1

Supply
Volta,/

Tel/

S."
mm

INT

ems
once
rnc.
VAT

MOS (78
MOS /48
MOS 364

6)1

120
180

LB
4.8
4

I <0.005%
<0005%

(<0.005%

<0.006,
<0.006%
<0.0(76%

t 45
1 55
t 55

171 .
120 
110.

78 .
Di 
18 .

40
80
,110

:20
`1513

025

1

1

Protect.on Able to cop 10,10 complex toed, ....flout he need for very spec
Motec ,0001101,110 IlvAys will so ffc0,

Slew rate 20e/us Film urne 30. SIN retro t 00db
Frequency response 1-3481 158r - 1001(07. 10001 sens4nnty 500mV rms
Input ,mpectance 1006 R Damprng factor 1008!>400.

'NEW to ILP' In Car Entertainments
CIS
Mono Power Booster Amp. frer mcrease the output of you, epstmq cal ,ado
0, cassette Weyer to norn,nai IS watts rrns

Very easy to use.

Robust combo( bon. £9.14 linc. VAT)
Mounts anywhere m car.

Aut.:Ana, swAll on
Output power roax.morn 72w peak Into 411
Frequency response I NMI 1531: to 30K8t. T.M.D. 0.1% at 10yr IKH?
S/N rabo (DIN AUDIO, BOdB Load Impedance 311.
Inpol Sensmpry and mpedance Ise4ctablel 700mV rms .ntol5KII 3V rms mto 811
Size 95 48  50.nrn.INxent 256 erns.

C1515
Slereo vet 010n of Cl),

Sae 95 . 40  80 We.9.1 410 gm,

E17.19 him. VAT)

Model
Number

For Use Wan PIT. Inc:.
VAT

PSU 52% 2 It VI V 124 (17.07
PSU 53% 2  MOS128 (17.86
P5U 54% 1  I-1)248 117.86
(751) 55% 1  MOS748 (19.52
PSI' 71% 7 . 01744 C21.75

Plea. note X m part no. mclocates pronavy mita,. Neese insert "0 In piece of
X for 110V "1- mplate of X for 220V. one -7' %031ac of X lot 240V.

Model
Number
PSU 770
PSU 730
PSU 74%
PSU 750

For Um Wan

2  87248
. 3,354

I . 1-17368
2 MOS.,48. 1 . 150

PNee
VAT
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WITH A LOT OF
HELP FROM ®ELEC TRONIF ICS LTO

PROFESSIONAL 111-F1 THAT EVERY ENTHUSIAST

CAN HANDLE...
Unicase
Over the years I LP has been aware of the need for a complete
packaging system for it's products, it has now developed a
unique system which meets all the requirements for ease of
assembly, adaptability, ruggedness, modern styling and above
all price.

Each Unicase kit contains all the hardware required down !(:)
the last nut and bolt to build a complete unit without the
need for any special tools.

Because of I LP's modular approach, "open plan" construction
is used and final assembly of the unit parts forms a compact
aesthetic unit. By this method construction can be achieved in
under two hours with little experience of electronic wiring
and mechanical assembly.

Hi Fi Separates
UC1 PRE AMP UNIT: Incorporates the HY78 to provide a
"no frills", low distortion, (<0.01%), stereo control unit,
providing inputs for magnetic cartridge, tuner, and tape/
monitor facilities. This unit provides the heart of the hi fi
system and can be used in conjunction with any of the UP
Unicase series of power amps. For ultimate hum rejection the
UC1 d-aws its power from the power amp unit.

POWER AMPS: The UP series feature H clean line front panel
incorporating on/off switch and concealed indicator. They are
designed to compliment the style of the UC1 pre -amp.
Performance for each unit which includes the appropriate
power supply, is as specified on the facing page.

Power Slaves
Our power slaves, which have numerous uses i.e.
instrument, discotheque, sound reinforcement, feature in
addition to the hi fi series, front panel input jack, level
control, and a carrying handle. Providing the smallest,
lowest cost, slave on the market in this format.

UNICASES

HIFI Separates
Price inc.
VAT

UC1 Prearnp 029.95
UPI X 30. 30W/4-8.11 8,polar Stereo H,F, C54.95
UP2 X 60W/411 13.po,ar Mono H,F, £54.95
UP3X 60W/8n. Bipolar Mon.., HIP, 054.95
UP4 X 120Wi4n. 8 polar Mono H.F. £74.9'5
UP5X 120W/811 8.po,a, Mono H,F, £74.90
UP6X 60W,4-811 MOS Mono H,F. C64.95
uP7 X 120W.4 -8A MOS Mono H,F 1134.90

Power Slaves
USt X 60W 4A Bpolar Power Slave 159.95
US2 X 120W'4A B.po,ar Power Slave 179.95
US3X 60W 4-8n MOS Power Slave C69.96
US4 X 120W/4 -en MOS Po.ver Slave £89.95

P ease note X as pet number denotes amass voltage. Please insert .n place of
X for 110V.'1' .n cvace of X for 220V [Europe), and '2' ,n p,ace of X tor 240V
J.K..1 All tints except UC1 incorporate our own !oronlal transformers.

TO ORDER USING OUR FREEPOST FACILITY
Fill in the coupon as shown, or write details on a separate sheet of paper,
quoting the name and date of this journal. By sending your order to our
address as shown at the bottom of the page opposite, with FREEPOST
clearly shown on the envelope, you need not stamp it. We pay postage for
you. Cheques and money orders must be crossed and made payable to I.L.P.
Electronics Ltd. if sending cash, it must be by registered post. To pay C.O.D.
please add Et to TOTAL value of older.

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD F
REQUIRED. Allow 28 days for delivery.

P,,, I., iiP Eipstriir, s tla. Freepost 2.
Graham Bei House, Roper Cloye
Canterbury. CT2 7EP Kent. Engand.
Telephone 102271 54778

ELECTRONICS LTO Techn.cal 102271 64723.
Telex 965780

Please send me the following

Total purchase price

I enc.ose ChequeD Postal Grdersn Int. Money Ordern

Please debit my Access/Barclaycard No.

Name

Address

) Signature
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IgA4fiTESTER
AMONGST the most common i.c.s used by hobbyists

must be the humble 555 and 741. Many books have
been written on how to use these versatile devices, but what
if they go wrong? There is no easy way of telling if an i.c. has
ceased to function by looking at it unless it quite literally
does go up in smoke, so the author decided to build a very
simple little tester. This unit gives a functional check to each
device and whilst it doesn't claim to check many of the
parameters, it should help to sort out the good from the bad.
It uses the case given free by PE some time ago and which
is available from the editorial offices at Poole (50p in-
clusive). It is very cheap to build, and even easier to use. Two
wire -wrap sockets stand proud of the p.c.b. and project
through the top panel of the case to enable suspect devices
to be inserted quickly.

HOW IT WORKS
The circuit diagram for the Tester is shown in Fig. 1. The

test 555 is connected as an astable multivibrator whose fre-
quency is determined by R1, C1 and R2, and with the com-
ponent values stated it should oscillate at approximately
1Hz. The output (pin 3) drives D1, current limited by R5, and
is also connected via S2a to one of the inputs of the test
741. The other input is connected via S2b to the potential
divider formed by R3 and R4, biasing the pin at approxi-
mately half supply voltage. The effect of S2 is to alter the
741 from being an inverter to a buffer and vice -versa. The

Fig. 1. Circuit diagram

output of the 741 drives D2, current limited by R6 which will
flash either in phase, with the 741 as a buffer, or out of
phase, with the 741 as an inverter.

CONSTRUCTION
This can be either on Veroboard or a p.c.b., a suggested

design for a p.c.b. is given in Fig. 2 with the component
layout shown in Fig. 3. Mount the components, including the
wire -wrap sockets which are soldered with a space of
10mm above the p.c.b. Cut a piece of black plastic to fit
behind the case aperture, and mount the two switches and
I.e.d.s in the panel before gluing it into position. Care must
be taken to choose miniature toggle switches, otherwise
they might foul the p.c.b. Two holes need to be cut in the top
panel to allow the sockets to project through. Mount the
p.c.b. using self -tapping screws, connect the battery and
after the usual search for solder joins across tracks, track
breaks etc, insert two working devices and check that the
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COMPONENTS . .

Resistors
R1, R3, R4 10k (3 off)
R2 68k
R5, R6 470 (2 off)
All resistors 1W 5% carbon

Capacitors
Cl 10µ 16V tant.

Diodes
D1, D2 min red I.e.d. (2 off)

Switches
S 1 S.p.s.t. toggle switch
S2 D.p.d.t. toggle switch

Miscellaneous
P.c.b.
2 wire -wrap 8 -pin d.i.I sockets
Case

\um...Battery connector

rocoJ °

cur

PE
EG1217

gfflas

Fig. 2. P.c.b. design

Internal view

unit functions properly. It is likely that I.e.d. D2 will glow
slightly This is normal and can be ignored, it also serves to
show that the unit has been left on.

0! 02 l=1

[E

Fig. 3. Component layout

+VE
BI

vE

In use, two working cevices are kept in the sockets, and
then replaced with a suspect device for testing as and when
necessary. There is no reason why other op -amps . . . e.g.
CA3140, cannot be tested in the same way, providing the
pin -out is the same.

EVERYDAY

ELECTRONICS
and computer PROJECTS
* STYLUS ORGAN *

A full two octave stylus keybpard and switchable vibrato oscillator give this
miniature organ a rich and interesting sound.

* DISTRESS BEACON *
Man Overboard! Provides a central point of reference for helmsman end
swimmer to effect a speedy rsscue.

A hand-held version specially for fell walkers and climbers is also
described.
A -to -D CONVERTER for RM380Z COMPUTER *
A multiplexed 8 channel 8-bil analogue -to -digital system tailored especially
for use with the 380Z Computer User Port. Can be easily adapted for use
with other Personal Computers.

Esientiel equipment for New Short Series- -Computer-Aided Experi-
ments for the Physics Lab.

Plus
* VOLTAGE DUALISER * CI FCUIT EXCHANGE-Readers' circuit ideas

1983 Schools Electronic Des gn Award Competition Results and Report.
SEPTEMBER ISSL E ON SALE FRIDAY, AUGUST 19
Place a regular order with your NEWSAGENT --Novel
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V.T.'s views and opinions are entirely his own and not necessarily those of PE

RECKON it was Cleopatra who started thisI

women's lib lark. The trouble was that she
botched it up and, consumed with remorse,
stuffed an asp down her cleavage. And that
was the end of her.

Another front runner was Queen Boadicea
who felt a natural feminine indignation about
the tyranny of Roman rule. So she fixed
blades to the wheels of her chariot and simply
mowed down any cohorts she came across.
Nothing very feminine about that.

Coming to modern times there's Germaine
Greer who is said to have burnt her bra as a
demonstration of her beliefs. In so doing she
not only lost a lot of support, but did little to
further what could have been a well-founded
cause.

Tina Knight, whom I met recently over
avocado, steak and kidney and a selection of
cheeses, is, to my mind, though she scorns the
suggestion, a women's libber of a sort. But as
far as I know she has never provided personal
accommodation for a snake, there are no
blades on the wheels of her BMW and I am
prepared to believe that not so much as a
shoulder strap has ever been ignited.

Tina is the managing director of Global
Specialties Corporation (UK) Ltd., a British -
based autonomous offshoot of a company in
the United States. As PE readers will know,
Global enjoys a firm reputation with
hobbyists and a growing popularity with in-
dustrial companies in the field of solderless
breadboards and low-cost instrumentation.

"I am not a liberationist," says Tina, "but
a fervent believer in equal opportunities.
Yet-and this may sound like a paradox-I
maintain that a woman still has the right to
all those little courtesies and spoilings, like
having the door opened for her, having a man
stand up when she comes into the room and
so on.

"Really, it boils down to a matter of good
manners. And a woman's manners should be
just as good as a man's. I've tried to bring the
quality of good manners into my business,
along with the old fashioned contention that
the customer is always right. Apart from
politeness, it's good common sense. A man
buys a £3 breadboard and feels he's been
treated as a customer should, may well turn
out to be a major client. Even if he doesn't he
still merits consideration and good service."

How did a young and attractive person
like Tina get mixed up with the masculine -
dominated, tough world of electronics?

"I started work in a bank," she told me.
"Mum thought that was nice and respectable.
I was supposed to be a junior shorthand -
typist, but all I seemed to do was pick up
paper clips. So I told the bank they'd have to
try and get along without me. And I joined
the ill-fated John Bloom empire. It was a pity
about him, for he had a fine product, but not
enough business flair. And when the crash
came I took a job as secretary to the boss of a

cash-and-carry greetings cards operation. At
his invitation, and expense, I did a manage-
ment course and picked up many a wrinkle."

At the age of 19 Tina shoved another iron
in the fire by becoming the manageress of an
employment and accommodation bureau. It
was there she met her husband, Mick, who
was pad -hunting.

"It was what romantic novelists call a
whirlwind romance and like a lot of euphoric
newly-weds I saw the future as one of roses
round the door, coffee mornings, marching
round Sainsbury's and, who knows, the pat-
ter of little feet in the fullness of time. But
fate had other plans up her sleeve. Mick
works on a newspaper and one day a strike
blew up. It promised to be a protracted one.
So I found a job with a shipping company
first and then moved on to a firm of invest-
ment brokers.

"This brought me into close contact with a
management consultancy. They asked me
whether I'd like to take on the task of setting
up an office in London for a Greek ship-
owner. This meant finding accommodation,
arranging the decoration and furnishing and
recruiting staff. I revelled in it. In fact I

achieved something of a coup in getting of-
fices in the Stock Exchange building, hitherto
reserved exclusively for stockbrokers. The
thing positively snowballed, for in no time at
all I was doing the same for Arabs."

The real turning point in her career came
when she was asked to take over the UK
operation for Global. They were so impressed
with her capabilities that they gave her a free
hand to locate their UK activity wherever she
wanted. She chose Saffron Walden in rural
Essex. Tina calls it England's mini silicon
valley, with firms like ITT and Pye-Unicam
at Harlow and Cambridge respectively.
Global then did something that was clearly
written in the cards. They asked Tina to boss
the outfit for them.

Now, from her Saffron Walden HQ, she
covers the whole world except the Americas.
Some 60 per cent of her business is in exports.
She travels extensively in Europe and this
year is off to Australia and South Africa.

At Saffron Walden she has a modest staff
of only 18 people -13 of them women. Right
now she's looking for her 19th. He has to be a
versatile Man Friday, able to handle the ex-
hibition side, take on some of the travelling
and turn his hand to servicing. Any takers?

We sat and talked in the chintzy living
room of her 13th (or most of it) century cot-
tage a mile or two from her office. "Actually,
I'm a reluctant career woman at heart," she
said. "What I like most is to sit here in the
evening in front of a log fire (you could stage
a CND rally in the space it takes up) listening
to music or watching the box. Or perhaps
reading-the English classics like Trollope,
Austen, Delderfield. Russian classics, too. Or
maybe doing a bit of needle point."

Friends: "We've lots of close friends,
though we don't get the time to do as much
entertaining as we'd like. Some of my dearest
pals live with me. There are the two Persians
(they were lolling on the settee as though they
owned the place) and then there's Jemima.
She's a wild duck who dropped in one day in
the garden and has been coming back at in-
tervals ever since. She must like the cuisine. A
while back she got herself pregnant and now
all her little ones come back with her. Talk
about getting the bird."

Marketing: "Some Americans are the
finest marketing men in the world. They
really get out there and sell with energy,
enthusiasm and dedication. Far too many
business men spend far too much of their time
at meetings, gassing, investigating and draw-
ing up four-year plans and suchlike. Where
do they find the time to put what they've
decided upon into effect? Of course you've got
to have statistical information if you want to
operate effectively and profitably. But don't
get into a state where you can't see the end -
product wood for the organisational trees."

Complaints: "An absolute essential is to
deal with a customer's complaint fairly, swif-
tly and cheerfully. As I said over the avocado,
the man who's spending his money, with you
is entitled to consideration and service. In any
case, by complaining he could be doing you a
favour in bringing to light some weakness in
your working methods. I know that, as a
customer, I've never been reluctant to com-
plain. If a steak's tough or a soup cold, it's my
duty to let the chap at the selling end know, if
only in the interests of other customers."

These extracts from a long and highly -
entertaining conversation, which tend, I fear,
to sound like clips from the thoughts of
Chairman Knight, are not only intended to il-
lustrate the philosophy which guides a suc-
cessful company, but also to show the kind of
attitude that has enabled a woman to make it
in a man's world.

You might pose the question: Where does
this clever, quick-witted lady go next? I'd
stick my neck out and say that the world is
her Whitstable native. After all, how did
Margaret Thatcher start? Weighing up sugar
in her dad's grocery shop. You can't have a
humbler beginning than that!

But even if she moves not a whit away
from Global and the tranquil atmosphere of
Rab Butler country, she has already made her
point. That is, the hand that applies the eye -
shadow is also pretty nifty at making a fairly
high-technology business pay and prosper.
And getting one in the eye of any man who
thinks that Tina Knight and her gender are
properly restricted to wielding a Hoover and
making the odd, exciting excursion into ses-
sions of pickled walnut bottling at the local
Women's Institute.

One thing we haven't talked about is
energy. When it was given out Tina was there
at the front of the queue with a large sack.
The evening before we met she'd been lashed
to her desk, working out some complicated
business deal, until 10.30. But as I left her
and her husband at the cottage, she
apologised for not coming personally to the
station to see me off because she'd booked a
game of squash.

How do you beat a woman like that?
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Worth more
than just a look in

1982 saw the first Electronic Hobbies Fair and
immediately established itself as the foremost consumer
electronics exhibition - the biggest attendance and the
largest number of exhibitors.

The 1983 Fair will be bigger and even more
exciting - offering visitors everything from resistors,
I C's to home computers, transmitting and receiving units,
and peripheral equipment, video games, musical instruments,
radio control models....In fact, whatever your particular
electronic hobby you'll find this show will have something
to excite you.

There will be plenty of other attractions too
including radio and TV transmission; Robotics,

411OF ''"104'M

-
1 .414/

41 7

radio controlled models and demonstrations by local
and national organisations. Again British Rail will be
offering cheap -rate rail fares from all major stations in
the country direct to the Alexandra Palace -a special

bus will be waiting to ferry you direct to the show.
Your ticket also includes admission to the Exhibition.

Alternatively, for those wishing to travel independently ticket
prices at the door are £2.00 for Adults, £1.00 for children. Party
rates are available on request (minimum 20 people).

For more information contact the Exhibition Manager,
Electronic Hobbies Fair. Reed Exhibitions, Surrey House.

1 Throwley Way, Sutton, Surrey SM1 4QQ.
Tel: 01-643 8040.

ELECTRONIC
HOBBIEWAIR

Alexandra Palace, London - October 27-30, 1983
L7 I

Opening Times
Thurschv. 27 Ort'
1-nclok, '28 ()ct
SdtuiciaL. Orr
Sutichn, 3(1 O< t

. iL I ik

4P 11-

;

4

Sponsored by Practical Electronics, Everyday Electronics and Practical Wireless
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LIGHT SPOT DRIVER (UAA 170)

1 -HERE are a number of ways of displaying
quantitative information electronically,

from the simple analogue meter up to
sophisticated alphanumeric readouts. Each of
these techniques has its own specific advan-
tages and disadvantages which affect
suitability for any given application. As a rule,
moving bars, pointers, or lights are most
suitable for displaying information that varies
for much of the time; they are good at in-
dicating trends. 'Digital' displays such as
alphanumeric readouts tend to be better for
displaying fixed or static values, since they
become difficult to comprehend when the
measured parameter changes too rapidly.

For simple or non -critical measurements, a
moving spot of light is often the ideal display
system. Although it has a resolution which is
limited by the finite number of lights used,
trends can be shown very easily, and the cir-
cuitry can be made simple and inexpensive.
The LM 3914 and LM 3915 i.c.s are very
popular devices which can illuminate up to ten
I.e.d.s, either as a spot (one lit) or as a bar (ten
up to lit) in response to an analogue input
signal. In many applications, however, ten
I.e.d.s is not enough, yet cascading two devices
to produce twenty I.e.d.s is far more than re-
quired, and is a considerable 'overkill'.

A recently introduced, but less frequently
seen i.c. is the Siemens UAA 170. This is a
Light Spot Driver with some unusual features
which make it a better choice in some applica-
tions; namely, the capability of driving up to
sixteen I.e.d.s from a sixteen pin package, and
the ability to adjust the type of transition of
illumination from one I.e.d. to the next bet-
ween 'smooth' and 'abrupt'.

L.E.D. DRIVING
Fig. 1 shows the pinout and specifications

of the UAA 170, and Fig. 5 an applications
circuit; for the moment, let us concentrate on
the I.e.d. driving side of Fig. 5 only.

It can be seen that the I.e.d.s are driven as a
matrix; they are arranged in four groups of
four to reduce the total number of i.c. pins
needed to connect to them from sixteen to

eight. The lowest analogue input voltage
illuminates I.e.d. D1, and the highest illu-
minates DI6. Because of the matrixing used to
drive the I.e.d.s, a little care has to be taken
when connecting up the display. Those used in
each group of four should have the same
characteristics, i.e. D I to D4 should all be the
same type, D5 to D8 should all be the same
(not necessarily the same as D 1 to D4,
though), etc. Hence, if the display was to be
part green and part red, the colour change
should be done between one group of four and
the next, not within a group. Within each
group the forward voltage drop of the I.e.d.s
(V1) should match within 0.5V. (Most I.e.d.s
will easily achieve this.)

The type of circuit arrangement used to
drive these I.e.d.s is the determining factor in

LEO ighlsane as

LED c ttttt

lab.... soilage tttttt sae
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.Iap.
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UA A 170

Fig. 1. UAA 170 pin -out with specification

the requirement for a relatively high supply
voltage needed for the i.c.; see Fig. 1. This is
typically either 12 or 15 volts. When con-
necting up the I.e.d. driving pins of the UAA
170, beware of the rather odd way that the
pins connect, especially the 'reversal' of pins 4
and 5; it's very easy to get it wrong! If only
four, eight or twelve I.e.d.s are required,
simply omit the highest relevant groups of
four. If only one, two or three I.e.d.s from a
given group of four are to be used, each miss-
ing I.e.d. must be replaced by its electrical
equivalent, so use three ordinary diodes (IN
4148) in series to replace each omitted I.e.d. If
two or more i.c.s are cascaded, beware that
the top or bottom I.e.d.s of each i.c. glow con-
tinuously when the input voltage goes out of
the relevant range (see Figs. 2 and 3) so these
will need to be replaced by groups of three
diodes as appropriate.

SMOOTH OR ABRUPT
TRANSITIONS

Most conventional 'bargraphs' or 'light
spot' meters illuminate their I.e.d.s in an
abrupt way; one I.e.d. turns off at the moment
that the next one turns on. This is often a valid

Characteristic Notes Minimum Typically Maximum Units
Supply voltage All specs measured

at + 12V supply
11* 18 V

Quiescent current No I.e.d.s drivel,
no load on pin 14

2 4 10 mA

Temp. range -25 85 °C
Input voltage (VW 0 6.0 V

Viet min 0 4.6 V
Vref max 1.4 6.0 V

Stabilised V,ef ' 300µA load
5mA load 4.5

5.0 6.0 V
V

Current from stab. Vre 5.0 mA
Voltage difference -NT& max-Vref min) 1.4 6.0 V
L.e.d. current 0 50 mA
Permissible variation of

VF of 1.e.d.s
0.5 V

Input currents Pins 11, 12 ano 13 2 µA

 For I.e.d. VF >1 .5V, this lower limit will rise
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Fig. 2. 'Smooth' or overlapping I.e.d. illumination

requirement, as it makes the display very
positive and unambiguous. However, if the
adjacent I.e.d.s are made to 'crossfade' (one
fading down as the other fades up in
brightness), the light spot seems to move more
smoothly, resembling a purely analogue meter,
or one with a much higher resolution. This
makes it ideal for displaying rapidly changing
information. In the UAA 170 we have the
facility for choosing just how smooth or
abrupt we want the display to be; see Figs. 2
and 3.

The analogue input voltage to the i.c. (V,)
should vary between two voltage reference in-
puts, Vref minimum and Vref maximum. Often,
Vref min will be set to OV, but both are
variable over the range indicated in the
specifications (Fig. 1) to allow flexibility in
operation. Input voltages below Vref min cause
DI to be illuminated all the time, and voltages
above Vref max cause D16 to be lit all the
time. (Note that Vref min, Vref max, and \fin
should not exceed 6V.)

The difference between Vref min and Vref
max determines the type of action of the dis-
play; 1.4V represents 'smooth' changes, with
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-0-
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TIME
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Vin
V REF MAX

4.0 VOLTS
DIFFERENCE

Fig. 3. 'Abrupt' or ron-overlapping I.e.d. illumination

the I.e.d.s fading into each other, i.e. overlap-
ping, and 4V represents 'abrupt' changes, with
the I.e.d.s turning on and off rapidly, and with
no overlap. This effect changes proportionally
for voltages between 1.4 and 4V. Since the dif-
ference between Vref min and Vref max repre-
sents the range of input voltages which are
accepted, the design of any input circuitry will
have to take into account the type of I.e.d. dis-
play changes required. For convenience, a
stabilised voltage reference of nominally 5V is
provided on pin 14, and this can be used direc-
tly, or via a potential divider, to provide the
//ref max voltage.

DISPLAY BRIGHTNESS
The brightness of the display can be ad-

justed in rather a complex way by using pins
15 and 16; see Figs. 4 and 5. R11, between the
stabilised voltage reference and pin 16, deter-
mines the I.e.d. drive current. The variation of 
current with R11 value is determined by
another resistor, R 10, from pin 15 to OV. As
can be seen from Fig. 4, for a low value of

1?V TO +15V

R l0, the current can range from 0 to 20mA.
For high values of R 10 the range is 20mA to
40mA or thereabouts.

With the values shown in Fig. 5, the I.e.d.
current is approximately 9mA. The reason

Fig. 4. Effects of resistance
variation on I.e.d. current
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Fig. 5. Circuit of moisture meter
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for this rather unusual design of brightness
adjusting circuitry is to allow a phototran-
sistor to be used to automatically adjust I.e.d.
brightness to suit ambient conditions. R11 is
replaced by an npn phototransistor in series
with a 10k resistor. (Collector to pin 14, base
open circuit, emitter to 10k resistor, 10k
resistor to pin 16.) Another resistor, typically
18k, is connected between the emitter and
collector of the phototransistor, and R10 is
made a suitable value, chosen from the graph
in Fig. 4.

APPLICATIONS CIRCUIT
Fig. 5 shows a simple moisture meter for

determining the water content of soil or similar
substances. IC2 is a 741 (or similar) op -amp
connected as a square wave oscillator with a
frequency of approximately 2.8kHz. This is
a.c. coupled via C2 to one half of the probe.
The other half is again a.c. coupled via CS to
the virtual earth input of IC3, a 741 (or
similar) op -amp connected as an inverting
amplifier. The a.c. coupling is used to prevent
electrolysis of the probe metal. The resistance
of the material between the two halves of the
probe, which is dependent on the moisture
content, tends to act as the input resistor for
IC3. The output of IC3 is therefore a square
wave of amplitude determined by the
resistance across the probe. R5, R6, and C6
ensure that IC3 is biased up to half the voltage
of the supply rail. IC3 is then a.c. coupled via
C7 to the network of D17, C8 and R9. This
network acts as a simple means of rectifying
and smoothing the signal, so that the voltage
at pin 11 of IC 1 is a d.c. signal of an am-
plitude dependent on the magnitude of signal

IES12141A

Fig. 6. The assembled moisture meter

at the output of IC3. The a.c. coupling of C7,
and ground referencing of R8, ensure that this
d.c. signal varies between OV, and +6V maxi-
mum. IC I, of course, is connected as a Light
Spot Driver, as already described.

VR1 adjusts the gain of IC3, and therefore
determines the sensitivity of the system. Vref
min of ICI is set at OV, and Vf max is set by
VR2. Thus, the type of 1.e.d. change, and the
`range' of the display can be adjusted by VR2.
C3 and C4 provide supply decoupling for the
+12 to +15V supply. This need not be
regulated.

The probe can easily be made from a pair
of stiff copper or brass wires set approxi-
mately 25mm apart. (Old ballpoint pen cases

can be used to mount the wires in.) When used
in soil, these should be pushed in by 25mm or
so. VR1 and VR2 can then be set accordingly,
to suit the particular requirements in question.

The UAA 170 is also available with a
logarithmic, rather than a linear, charac-
teristic, and is known as a UAA 170L.
However, Siemens do not suggest that it is

used for new designs, so it has a somewhat
limited market lifetime. For your next project
using a light spot type of display, the UAA
170 offers an interesting and novel alternative
to the more popular proprietary i.c.s, yet is
very cheap and readily available.

The UAA 170 is available from Watford
Electronics, and many other suppliers.
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PREMIER BASIC 5" excellent addition for
Superboard UK101 with Cegmon. $9000, new,
perfect. Only f10. Cost £20. S. C. Robins, 6
Cleghorn Street, Dundee.
SINCLAIR ZX 16K RAM pack unused £18. K.
A. Jones, 7 Harlech Rise, Chilwell, Nottingham
NG9 5PD. Tel: 0602 223056.
COSSOR double beam oscillograph, model
1035 MKIII operating manual. Offers. Mr. J.
Helsel!, 47 Smalley St., Castleton, Rochdale,
Lancs OL1 1 3EB. Tel: Rochdale 33511.
WANTED spark generator for gas cooker suit
p.c. 1650 or circuit diagram for the generator
14-V input. Mr. Lea, 21 Ernald Gardens, Stone,
Staffs ST15 OAE. Tel: Stone 816336.
DITTON 161 and Denton speakers, Sony
TC377 recorder 4 -channel adaptor, No. 7 AVO
(broken) swap -sell w.h.y. Mel Saunders, 7

Drumcliff Road, Thurnby Lodge, Leicester LE5
2 LH.
PE issues Sept. 77 to April 83 one of each, of-
fers separately or bulk. S.a.e. for your reply. Mr.
B. Cordes, 12 Avondale Gardens, North Seaton
Estate, Ashington, Northumberland.
TWO b/w monitors. £40 either. One mono valve
amp, suitable mad scientist £5. You collect. J.
Dykes, 2 Aire Place, Winsford, Cheshire. Tel:
06065 51303.
SPECTRUM 16K, 2 books, 3 cassettes £100,
ZX81 with 16K RAM pack 'Maplin' keyboard
(uncased), will sell keyboard separate £65 c/p.
G. Williams, 85 Salthouse Rd, Barrow-in-
Furness, Cumbria LA13 9TN. Phone: 0229
29152 before 7p.m.
MULLARD 'Technical Communications' Jour-

nal, No. 13 to 140, most in easibinder. Offers.
Collect or pay postage. Tel: Oxford (08651
779855.
INTERFACE Commodore PET -Centronics
disk. Also Datastream International printer.
Serial interface. Phone Ray, Bursledon, Hants
4350.
WANTED manual and/or service information.
Circuit diagram for Bird 'Futurist' organ. M. M.
Browne, Cremer Hse, London Rd, St. Leonards
on Sea, East Sussex TN37 6PE. Tel: Hastings
439344.
ZX81 kit untouched £29. DMM kit (DP 2010)
partly completed f 15. With full instructions. Un-
wanted gifts. Q. Khusro, House SS, Freemens
Common Houses, 167 Welford Road, Leicester
LE2 6BF.
VIDEO Genie E63003 + ICL 7500 green
monitor + parallel printer interface EG 3016 +
progs, books. £299 o.n.o. Mikko Butt, 27 Park
Road, Bushey, Herts. Tel: 01-950 3158.
WANTED data and service sheets for Russian
scope type C.15. D. Beecher, 73 Gurnards Ave.,
Fishermead, Milton Keynes, Bucks. Tel: 0908
662903.
WANTED instruction book for Rigonda
"Symphony" stereo radiogram. Mr. T. J. Stewart,
27 Westrock Drive, Belfast BT12 7LD. Northern
Ireland.
SEIKOSHA GP80 printer with 500 sheets of
paper £140 o.n.o. Pair of 85 watt speakers £55
o.n.o. T. P. Smith, Sunny Bank, Castle Street,
Bletchingley. Tel: Godstone (0883) 843981.
WANTED old bar code reader, any type for
teaching application. Tel: 0790 52506. P.

Woodgate, Mavis Enderby, Nr. Spilsby, Lincs.
PE July 1980 to June 1983. PW March 1980 to
June 1983 v.g.c. Best offer secures, Mr. S.
Jenkins, 305 Havant Road, Farlington,
Portsmouth P08 1 DD.

ACORN Atom, 12+12K, power supply,
software, manual, books: -"Atomic Magic", etc.
£100. Buyer collects. K. Martin, 1 Rutland
Terrace, Sutton -on -Hull, North Humberside. Tel:
(0482) 701013.
SHARP PC1500 with CE150 printer and
CE155 8K memory complete with charger and
manuals £300. J. C. Rawlings, 10A Drayton
Gardens, West Drayton, Middlesex. Tel: West
Drayton 40241.
PET Commodore 2001/16 mother board in
order £130, add Key+Mon and you have the
heart of a business system. Mr. G. Nicklin, 16
Auckland Drive, Halfway, Sheffield S19 5TP. Tel:
0742 483587.
CASIO VL-1 synth 10 rhythms 5 preset voices
plus programmable sound mode £25 o.n.o. Tel:
061-881 3651 (Michael).
WANTED Data sheets for the 6845 CRT con-
troller and AY -3-8190 sound generator. Dean
Flower, 5 The Green, Littleham, Exmouth, Devon.
Tel: Exmouth 70615 (after 6.00pm).
WANTED Sinclair Cambridge programmable,
Oxford calculators, wrist calculator, micro f.m.
radio, micromatic radio, working or broken. Mr.
D. A. Portlock, 21 Anson Road, Locking, Weston -
super -Mare, Avon.
FREE resistor colour code charts and some tran-
sistors. Just send s.a.e. Martin, 29 St. Johns
Close, Leatherhead, Surrey.
PE/CLEF Joanna, 5+ octave electronic piano,
complete with power amp and speaker in attrac-
tive wooden cabinet £150 o.n.o. A. Vinnell, 10
Linton Meadow, Linton -on -Ouse, York YO6 2AL.
Tel: Linton -on -Ouse 412.
MICROPROFESSOR -1A, CTC, mainslead
with plug, BASIC, v.g.c. manual, well used f50
post paid. Jeff Davies, The Waverley, 79 Rhos-
maen Street, Llandeilo, Dyfed SA19 6HD. Tel:
(0558) 822509 after 5pm, weekdays.
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BUILD YOUR OWN

,cortez
16 bit, 64 RAM

colour computer
Standard
features -
 High speed 24K byte extended basic interpreter
 Powerful TMS9995 16 bit microcprocessor
 48 bit floating point gives 11 digit accuracy
 High resolution (256 x 192) colour graphics
 Screen memory does not use up user memory

space

 16 colours available on the screen together in
graphic mode

 Fast line drawing and point plotting basic
commands

 High speed colour shape manipulation from
basic

 Full textual error messages
 String and Array size limited only by memory size
 Real time clock included in basic
 Interval timing with 10mS resolution via TIC

function
 Named load and save of basic or machine code

programs
 Auto -run available for any program
 Powerful machine code monitor
 Assembler and Disassembler included as

standard
 Auto line numbering facility
 Full renumber command
 Simple but powerful line editor
 Buffered i/o allows you to continue executing

the program while still printing
 Flexible CALL statement allows linkage to

machine code routines with up to 12 parameters
 Basic programs may contain spaces between

key words to make programs readable without
using more memory

 Over 34K bytes available for basic programs
 Extended basic includes IF -THEN -ELSE
 Supports up to 16 output devices:

Screen and cassette interfaces included as
standard

 Supports bit manipulation of variables from
basic

 Error trapping to a basic routine included
 Basic supports Hexadecimal numbers
 Separate 16K video RAM for graphics J

With this powerful machine (featured in Electronics Today
International as a constructional project) you have access to
highly advanced systems and software developed specially by
APE Ltd for the CORTEX. For business, education, R & D - or
simply increasing your knowledge and understanding of
computers - it beats comparably priced off -the -shelf machines
hands down!
STATEMENTS PRINT
IF
ELSE
ON
GOTO 1 UNIT
GOSUB BAUD
POP CALL
REM
FOR
NEXT
ERROR
INPUT

TIME RENUM MAG
WAIT BOOT TOF
SAVE GRAPH TON
LCAD TEXT DIM
MOTOR PLOT LET
ESCAPE UNPLOT DEF
NOESC COLOUR NEW

DATA RANDOM CHAR END
READ ENTER SPRITE BIT
RESTOR LIST SHAPE CRB
RETURN PURGE SPUT CRF
STOP NUMBER SGET MFM

Self assembly kit

E295

MND
BASE
COMMANDS #
RUN
SIZE
CONT 7

MDN .6

DEUMITERS $
TO
TAB
S -EP

INT
II LOG

FUNCTION
SORsys

FNA-FNZ TIC
ABS SGN

BIT
CRB
CRF
MEM
MWD
LEN

ADR
ASC
ATN
SIN
COS
EXP

c4A
MCH

Ready built £395
.

All prices + VAT
Carriage paid

11 tr.',

o .0., 91414 I

Optional extras
RS232C interface kit

Floppy disc interface
Pair of 5' 2' disc drives and
hardware kit

£9.20 Ready built
£65.50

£365.00

POS
COL
MOD
RND >_
KEY
OPERATORS <
OR
LOR
AND
LAND
NOT
LNOT
LXOR

CORTEX B - Basic machine
+ RS232C £410.00

CORTEX C - as above - disc drives £895.00

Full assembly instructions and 216 page user's manual.

POWERTRAN cybernetics
Portway Industrial Estate, Andover SP10 3NM. Tel: 0264 64455

To POWERTRAN CYBERNETICS, Portway Industrial Estate,
Andover, Hants SP10 3NM.

Please send me

I enclose cheque for or charge to:

Access/
Barclaycard
A,C No.

I Name

Address

I Tel

411MIN 1=1 NMI ....... MN MIN MEI NM

1

ra

Practical Electronics September 1983 29



The toroidal transformer is now accepted as the standard in
Industry, overtaking the obsolete laminated type. Industry has
been quick to recognise the advantages toroidals offer in size,
weight, lower radiated field and, thanks to I.L.P., PRICE.
Our large standard range is complemented by our SPECIAL
DESIGN section which can offer a prototype service within 7 DAYS
together with a short lead time on quantity orders which can be
programmed to your requirements with no price pt.nalty.

*Gold service available.
21 days manufacture for urgent
deliveries.

*Orders despatched
within 7 days of
receipt for single or
small quantity orders.

*5 year no quibble
guarantee.

SERIES SECONDARY
TYPE

No Volts
RMS PRICE

Current TYPE SERIES SECONDARY
No Volts

RMS
Current PRICE SERIES SECONDARY RMSTYPE PRICE

No Volts Current

ott%
N. '14'

0,0
11. 

14

%KIN
,11. 14' 120VA 4.010 6+6 10.00 300 VA 7.013 15+15 10 00

90 x 40mm 4.011 9+9 6.66 110 x 5Ornm 7.014 18+18 833
15VA 0.010 6.6 1 25 1 2Kg 4.012 '2+12 5.00 2 6Kg 7.015 22+22 6 82

62.34mm 0.011
0 35Kg 0.012

9+9
12+12

0.83
063

Regulation
11%

4.013
4x0.14

15+15
18+18

400
333 £7.42 Reulation 7.016 25+25 6 00 £10.88

6% 7.017 30+30 5009
Regulation 0.013 15+15 050 £5.12 4.015 22+22 272 .o 6 pEl 72 7.018 35+35 428 . rd&PE.2 '

19% 0.014 18+18 042 + o8 pEO 78 4.016 25+25 240 + VAT 01 37 7.026 40.40 375 . VAT CI + 4
0.015 22+22 0 34 + VAT CO 89 4.017 30+30 2 00 TOTAL EIO 51 7.025 45+45 3 33 TOTAL E14 87
0.016 25+25 0 30 TOTAL C6 79 4.018 35+35 1 71 7.033 50+50 3 00
0.017 30.30 0 25 4.028 110 1.09 7.028 110 2 72

4.029 220 0.54 7.029 220 1 36
(encased in ABS plastic) 4.030 240 050 7.030 240 1 25

30 VA 1.010 6+6 2 50
70 .30mm 1.011 9+9 11 160VA 5.011 889 500 VA 8.016 25+25 10 00
0 45Kg 1.012 12+12

2665 rs 4 9
110.40mm 5.012 12+12.9 6 66 140 . 60mm 8.017 30+30 8 33

Regulation 1:013
18% 1.014

15+15
18+18

100 .0806110
0 83 . VAT CO 99

I 8Kg
Regulation

5.013 15+15 5.33
43 4643

4Kg 8.018 35+35 7 14 £14.38Regulation 8.026 40.40 625
1.015 22+22 0 6B TOTAL E7 58

55:001145 2182:2182 £8.43 4% 8.025 45.45 5 55 + in a *62 40
1.016 25+25 0 60 5.016 25+25 3.20 . o 8 p Ll 72 8033 50+50 5 00 . VAT C2 52
1.017 30+30 0 50 5.017 30+30 2 66 . VAT C1 52 8.042 55+55 4 54 TOTAL C19 30

5.018 35+35 2 28 TOTAL C11 67 8.028 110 4 54
50VA 2:010 6+6 4 16 5.026 40+40 2.00 8.029 220 2 27

BO x 35min 2411 9+9 2 77 5.028 110 1 45 8.030 240 2 08
0 9Kg 2.012 12+12 2 08 5.029 220 0 72

Regulation 2.013 15+15 1 6 5.030 240 0 66
13% 2.014 18+18 386 £6.13

2.015 22+22 113 .080£135 625 VA 9.017 30+30 10 41

2.016 25+25 1.00 . VAT CI 12 140 x 75mm 9.018 35+35 8 92
2:017
2.028

30+30
110

0 83 TOTAL CB 60
0 45

225VA
710.45min

6.012
6.013

12+12
15+15

9 38
7 50

5Kg 9.026 40+40
7 81 £17.12Regulation 9.025 45+45 6 94

2.029 220 0 22 2 2Kg 6.014 18.18 6.25 4% 9.033 50+50 6 25
2.030 240 0 20 Regulation

7%
6.015
6.016

22+22
25+25

5 11
4 50

£9.81 9.042 55+55 5 68 ,". l t. , +'
9.028 110 5 88 TOTAL E22 62

80VA 3.010 6+6 6 64 6.017 30+30 3 75 . pa p C2 05 9.029 220 2 84
90.30mm 3.011 9+9 4 44 6.018 35+35 3.21 + VAT C1 78 9.030 240 2 60

1Kg 3.012 12+12
3 33

6.026 40+40 2 81 TOTAL C13 64
Regulation 3.013 15+15 266 £6.66 6.025 45+45 250

12% 3.014 18+18 2 22 + p 8 p fl 72 6033 50+50 2 25
3.015 22+22 181 + VAT El 26 6.028 110 204
3.016 25.25 1 60 TOTAL E9 64 6.029 220 I 02 ALSO AVAILABLE
3417 30+30 I 33 6.030 240 093 Sizes up to and including 5KVA are
3.028 110 072 manufactured to order.3.029 220 0 36
3.030 240 0 33

The benefits of ILP toroidal transformers
lEP toroidal transformers are only half the weight and height of their laminated

equivalents and are available with 110V 220V or 240V primaries coded as follows

IMPORTANT Regulation - AN voltages quoted are FULL LOAD. Please add regulation figure to secondary
voltage to obtain olt load voltage

For 110V primary insert 0 in place of, X in type number

For 220V primary (Europe) insert 1 in place 01 X in type number

For 240V primary (UKI insert "2 in place of X in type number

%Also available at Electrovalue,Maplin,TechnornatiO and Barrie Electronics.

For mail order please make your crossed cheques or postal
orders payable to ILP Electronics Ltd. Barclaycard/Access
welcome. Trade orders standard terms.

P05110 IL P EleCllOniCS Ltd Gtanan, Bel House Robe, Close

Q Canterbury Cl? 7EP Kent 1,, . , c

'eteohOne i02271 54778 le , - :BO

IlL la rrc

TRANSFORMERS

LOW COST PROFESSIONAL TEST INSTRUMENTS
IPA

[. I

eNt

*
*

FREQUENCY COUNTERS
ANALOGUE METERSdigital 9

a
eye

0000 * DIGITAL METERS
 _ * FUNCTION GEN

A - * OSCILLOSCOPES
* POWER SUPPLIES

erre--/ * LOGIC PROBE
PtOrflir r";. * SCOPE PROBES

r -a -e--------0   1".. . t.iit i

1:1_1101::

BLACK STAR LTD.
9A, Crown Street, St.lves,
Huntingdon, Cambs. PE17 4EB.

Tel: (0480) 62440 Telex: 32339

Write or phone

for illustrated
Test Instrument

catalogue and

price list.
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Status Quo

So far as trade and industry are concer-
ned the General Election killed uncertainty
and it is quite clear that the socialist solu-
tion to economic problems if not com-
pletely discredited, then was certainly not
trusted.

As I have often pointed out, all ad-
ministrations when coming to power find
themselves captive of influences outside
their control. It is doubtful, had Labour won,
that it would have been possible to imple-
ment their manifesto. In the event the
prospect of implementation scared off the
voters.

The popular vote did not in fact com-
pletely endorse the Conservative manifesto
although, because of the electoral system,
the Conservatives won the greatest number
of seats. What the popular vote did
demonstrate was that few people want
more nationalisation in industry,
withdrawal from the EEC, more power to
the trade unions, spending our way out of
recession, or unilateral nuclear disarm-
ament. In fact the Labour manifesto was
decisively rejected. A good result for
industry.

Swop -Shop
Before the invention of money as a

medium of exchange, trade existed through
barter. It still exists. A private swop of, say,
a hi-fi for a good SLR camera is common
enough. No cash changes hands, no tax is
payable, both parties are satisfied.

Today, with so many nations virtually
bankrupt, barter is growing in international
trade with perhaps as much as 20 per cent
of trade conducted in this primitive form.
Recent swops have included motor vehicles
and steel for coffee, tractors for fish, cars
for bauxite. All these swops are in the
multi -million pound bracket.

So far I have not heard of electronics
goods being involved. It is conceivable that
it will come. How about a computer
network in exchange for a shipload of
bananas? Or whatever? Watch this column.

Telecom
Privatisation is once again on the agenda

now the Conservatives are back in power.
The biggest sell-off, if it ever happens, will
be British Telecom. The new rival trunk
network, Mercury, is already in place but
with restricted service. The appearance of
Mecury and the threat of privatisation has
already worked miracles in BT under the
leadership of Sir George Jefferson. The
organisation is much more efficient than
before both through new technology and
vigorous marketing of services. There is
possibility, indeed, probability, of further
improvement but the Telecommunications
Bill, lost in the General Election, has been
revived in the new Parliament. This time it
will be introduced by the new minister,
Cecil Parkinson, and despite the huge
government majority it is likely to have a
turbulent passage.

Naturally, the Post Office Engineering
Union will fight tooth and nail and threaten
confrontation. But some user groups, for-
merly bitter critics of BT, are none too
happy. Their change of heart may have
come about from seeing that BT is pulling
itself together or it may be cold feet at the
prospect of the unknown. Either way the
Bill will not have universal support. Getting
it through the House may be easy. Im-
plementing the Bill may prove much more
difficult and may take a long, long while in a
step-by-step procedure. That s why it may
never happen in total though it is bound to
happen in part. Selling 51 per cent of
shares in BT worth up to £4 billion is still
quite a problem.

Finding the Slot .

Small companies can best succeed by
finding a slot in the general market as yet
undiscovered by big firms or considered too
small in volume to warrant serious atten-
tion. I notice, for example, that at the Inter-
national Audio and Video Fair to be held in
Berlin in September, a German company
has spotted the rising popularity of
collecting early 78 r.p.m. gramophone
records. Modern stylii for use with
microgroove recordings are unsuitable so
the firm of Dreher and Kauf, who normally
have supplied only diamond needles in the
past, have added to their range "old-
fashioned" needles to fill the need.

On show, too, though you need a

microscope to see it adequately, is a Philips
chip containing all the stages of a UHF
radio receiver. The export slot is to Japan
who have taken the chip in large quantities,
proving once again that the Japanese
market is not impenetrable.

Buying In
The fast way to get into electronics is by

acquisition, popular with outsiders wishing
to broaden their business into fast -growth
areas. An example is Lex Service in motors
who import Volvo cars to the UK. Some 18
months ago the company acquired Hawke
Electronics and now they have increased
their stake in electronics by buying Jermyn
Holdings, thus gaining control of the Jer-
myn Group. Both Hawke and Jermyn are
component distributors. The purchase price

for Jermyn was a little over £15 million. For
that they get all the Jermyn activities in the
UK, France and Germany. Senior directors
remain in place with three-year service con-
tracts.

Before bringing the deal to a conclusion
Lex studied all the market statistics and
concluded that semiconductor sales in the
UK would grow at an average of 19.5 per
cent per year over the next five years but
those sold through distributors would grow
at 24.5 per cent per year. At present dis-
tributors are estimated to sell 30 per cent
of all semiconductors in the UK. In the USA
the figure is 40 per cent, so there appears
to be room for further growth in market
share for Jermyn and others within the total
increased volume.

Pirates
A big problem with innovative products

is the "pirating" of designs. There is, of
course, protection by patent but litigation
can be lengthy and expensive. Such dif-
ficulties are often overcome by offering
licences involving royalties to be paid to the
patent holder.

In the ordinary way the public is unaffec-
ted by inter -company squabbles on possi-
ble infringement but I note with more than
ordinary interest the public warning issued
by Racal-Decca Navigator Ltd on un-
authorised receivers now being offered for
sale.

Decca Navigator "chains" which give
navigational position to mariners are
privately owned and thus not a public ser-
vice. Recently, technical changes to the
transmissions have been made to improve
the service and Racal-Decca say that
a'though their receivers and others
manufactured with approval by Racal-
Decca are unaffected, "pirate" receivers
can give false readings. Naturally, official
"Notices to Mariners" have been issued by
the UK Hydrographer of the Navy to warn
navigators of the possibility of error
because safety -at -sea is of fundamental
importance.

The unlicensed receivers, apparently of
foreign manufacture, continue to be offered
for sale. It seems to me that cheating is bad
enough in itself but when safety -at -sea
could be involved it is despicable conduct.

Hoppers
Frequency -hopping tactical radios which

are resistant to message interception and
jamming had a high profile a couple of
years ago. There was then an ominous
silence during, presumably, a lengthy
evaluation period by signals staffs. Now the
orders are starting to filter through. Of
course some armies keep quiet about new
equipment but Marconi have announced
orders for their Scimitar range from Por-
tugal, Sweden and Finland with other coun-
tries still evaluating.

But rival Racal, who were the first to in-
troduce frequency -hopping, have one order
on which they have been allowed to
publicly put a price-tag-a hefty £20
million contract with the Sultanate of
Oman. Racal also claim 13 countries are
already using their Jaguar -V frequency
hoppers.
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SMALL business and personal computers often have the
same configuration, they use the same microprocessors

with the same performances, and yet the small business
computers are often far more expensive when compared
with personal computers; why such a difference? The
answer is reliability, the small business computers are built
for professional use and are designed to be as reliable as
possible. The hardware is much more sophisticated and in-
corporates additional circuits for diagnostics which enables
fault location, which in turn makes repair easier and faster.
Every minute the system is not operable means a loss of
money to the system user and should be kept at a minimum.
On the other hand personal computers are intended for
educational purposes and entertainment. With some ad-
ditional hardware we can enhance the reliability of a per-
sonal computer to a degree that it can be used to do more

A.Trebar
sophisticated tasks where a long term error free operation is
a must.

One of the most error prone parts of a computer is the
computer memory. Usually it is built with high density in-
tegrated circuits such as 16K and 64K RAMs, which can be
affected by two types of errors: 'Hard' errors and 'Soft'
errors.

Hard errors are caused by permanent damage of a

memory chip or a part of it. They are mostly a stuck -to -zero
or a stuck -to -one type of error. The erroneous location in
memory cannot be overwritten with new data. They can
easily be detected by a software memory checking program
by writing some pattern to the memory and then reading it
back. The same operation should be performed again with a
complement pattern. Such a routine can be used as part of a
power -up self test program.
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Soft errors cannot be located so easily. There are several
causes for soft errors: alpha radiation from packaging
material, the noise can push the chip beyond limits of its nor-
mal operation, which can result in a loss of charge on
storage capacitors. It is possible to observe from Table 1

that the soft errors appear more often than hard ones. The
error rates of memory devices are given by manufacturers
and are evaluated in an ideal testing environment. In real ap-
plications memory devices are exposed to interference and
temperature variations, and this is why the error rate of a
memory system is generally higher than evaluation from
reliability data.

The most efficient method of coping with soft errors is the
error detection and correction technique (Error Checking and
Correction-ECC). The method of ECC was first described by
R. W. Hamming more than 30 years ago in the article Error
detecting and error correcting codes published in the Bell
System Technical Journal, and after all these years this
method is still used by most computer manufactuers for
storage protection.

Error rate 16K 64K
Soft 96/1000h 0.1 0.45
Hard 96/1000h 0.02 0.02

Table 1. Error rates of memory devices

CODE USAGE
Let's now take a look at how the Hamming code works.

When the data is written into the memory, the control bits
are generated and stored in a special part of the memory.
The number of control bits needed depends on the number
of bits in data word and on the number of errors we want to
correct. The number of control bits required for single error
detection and correction can be derived from the equation
2" > k + n + 1 where k designates the number of data bits
and n the number of control bits.

Data words with 8 bits require 4 control bits which will
together represent a memory word.

Data word Control word

D2D3D4D5D,D,C,C2C3C4

Memory word

The control word is generated as an exclusive OR (EXOR)
combination of data bits as shown in Table 2.

Do D, D2 D3 D4 D5 D, D,

1 1 1 0 1 1 1 0
C2 1 1 0 1 1 0 0 1

C3 1 0 1 1 0 1 0 1

C4 0 1 1 1 0 0 1 0

Table 2. Control word generation

Table 3 shows the system of equations which gives us con-
trol bits.

C, = Do VD, VD2 VD VD5 VD,
C2 = Do VD, VD, VD VD,
C,= Do VD, VD, VD5 VD,
C, = D, VD2 VD, VD,

Table 3. Control bit equations = for all values of)

When reading memory words from memory we must
calculate the syndrome bits. This can be done in the follow-
ing fashion: First we calculate control bits Cn' of data part of
the memory word. A syndrome is an EXOR combination of
control word and control bits calculated from the data part of

a memory word. The relationship between syndrome bits
(S1, S2, S3 and S4) and memory bits is shown in Table 4.

Do D, D2 D3 D4 D5 D, D, C, C2 C3 C4

S, 1 1 7 0 1 1 1 0 1 0 0 0
S2 1 1 0 1 1 0 0 1 0 1 0 0
S3 1 0 1 1 0 1 0 1 0 0 1 0
S4 0 1 1 1 0 0 1 0 0 0 0 1

Table 4. Syndrome/memory bit relationship

Since the D part of Table 4 corresponds to Table 2 the Sr,
bits can be calculated from the equations in Table 5.

S, -= C, V C;
S2 = C2 V C;
S3= C, V q
S4 = C4 V

Table 5. Syndrome bit equations

In the case that all syndrome bits are zero, we assume that
there was no error in memory word. If the syndrome word is
a non -zero combination there was an error. From the com-
bination of ones and zeros in a syndrome word we can find
out which bit is affected. From now on the correction of error
is simple. All we have to do is to invert the bit in error and
the data is correct again. If the combination of ones and
zeros does not correspond to any column in Table 4 we have
detected a multiple error. Such errors cannot be corrected,
but we can suppress the execution of this instruction by the
computer.

For example if we have the following data to be written
into the memory:

1 1 0 0 1 1 1 0

The control bits calculated from the equation in Table 3 will
be:

C,= 1, C2= 1, C3 = 0, C4 = 0

The memory word will be:

DoD,D2D3D4D5D6D,C,C,C3C4
1 1 0 0 1 1 1 0 1 1 0 0

Let's assume that the error has affected one of the bits in the
memory word. When reading from memory the memory
word was:

DoD, D,D,D4D,D8D,C,C,C,C4
1 1 0 0 0 1 1 0 1 1 0 0

The syndrome bits calculated from the equations in Table 5
are: S, = 1, S2 = 1, S3 = 0, & S4 = 0. From Table 4 we see
that this syndrome corresponds to D4. By inverting it we
have correct data bits.

MULTIPLE ERRORS
Now it should be noted that some multiple errors can give

us the same syndromes as single bit errors. This means that
such errors wil, pass undetected, but fortunately it is not
likely that two or more errors will occur simultaneously in
the same memory word.

The method described above can give us the position of a
single error in any bit of a memory word. Since only data bits
are received by the processor, we do not correct the control
part of the memory word in the case of an error.

A processor delivers 8 -bit data to the memory unit and
receives 8 -bit data from the memory. All other functions are
carried out automatically without the knowledge of the
processor, so the ECC circuit can be regarded as transparent
to the processor and thus applicable to different kinds of
processors that are using an 8 -bit data word system.
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Fig. 1. Block diagram of a memory system with ECC
capability
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ECC IMPLEMENTATION
There are many single chip i.c.s presently available

designed for detection and correction of a single bit in
memory systems. These are very fast circuits that can detect
and correct errors with propagation delay from 25 to 45ns.
The major drawback for using these circuits in
microprocessor based systems is their price which is
prohibitively high for small quantities. Basically they are in
tended to be used in mini and medium size computers. The
ECC circuit to be used with 8 -bit data can be built with as
few as 6 MSI chips.

Fig. 1 represents a block diagram of a memory system
with ECC capability, five blocks are used for error detection
and correction:

ECC ENCODER 1

ECC ENCODER 2

INPUT/OUTPUT
ECC COMPARE
ERROR LOCATION
DECODER

CORRECTOR

generates control bits from data to be
stored in memory.
generates control bits from data read
from the memory.
generates syndrome bits according to
the equations in Table 5.
generates an error pointer from syn-
drome bits. The error pointer contains
a single 1 at the place where the
error occurred.
is a controlled inverter that inverts the
erroneous data bit from the error
pointer and thus corrects it.

The upper part of Fig. 1 represents a diagnostic circuit that
points to the faulty memory chip in case of a hard error. The
error position is decoded in ERROR LOCATION DECODER 2
and latched in ERROR REGISTER. L.e.d.s D1, D2, D3 and
D4 show the chip in error.

Fig. 2 represents a detailed schematic diagram of the ECC
circuit together with memory (ICI to IC12). Data bits DD;,, to
DT;,, enter memory chips (ICI to IC8) and IC13
simultaneously. IC13 is a bipolar 256 x 4 PROM which
serves as ECC ENCODER 1. For every combination of input
data there is a distinct combination of control bits program-
med in IC9. Its contents are shown in Table 6. Control bits
are stored in IC9 and IC12. When data bits are read from the
memory, a new set of control bits is generated in IC17 (ECC
ENCODER 2) and is equal to IC13. Syndrome bits are

INPUT/
OUTPUT

ECC
COMPARE

5 _BITS

UNCORRECTED DATA

ERROR

LOCATION
DECODER

2

ERROR
LCCATION
DECODER

ERROR

REG

ERROR POINTER

//

11.

.!
SINGLE

LEDs

CORRECTOR

INTERRUPT
ON MULTIPLE
ERROR

MULTIPLE ERROR LED

23

21

20

U.

CORRECTED
DATA OUT

COMPONENTS ...
Resistors

R1

Capacitors
Cl, C2, C3, C4, C5, C6,
C7, C8, C9, C10, C11,
C12, C13
C14

Semiconductors
D1, D2, D3, D4
D5
IC1,1C2,1C3,1C4,
IC5, IC6, IC7, IC8,
IC9, 1C10, IC11, IC12
IC13, IC17
1C14, 1C15, IC18
IC16, 1C19
IC20

Miscellaneous
Si
Terminal pins
I.c. sockets
Printed circuit board

'See Fig. 4.

6k8, +W, 5% carbon

2n2ceramic (12 off)

10W35V tant. bead (2 off)
220µ/63V elect

0.2 in red I.e.d.s (4 off)
0.2 in green I.e.d.
4116 16K RAM
or (4516 16K RAM)"
or (4164 64K RAM)* (12 off)
MMI 6301 256 x 4 PROM (2 off)
74LS86 QUAD EXOR (3 off)
74S188 32 x 8 PROM (2 off)
74174 HEX D FLIP FLOP

Push to make switch
(39 off)
(Soldercon type) (300 off)

Constructor's Note
All components including Soldercon pins are available
from Watford Electronics, 35 Cardiff Road, Watford,
Herts. (0923 40588.)

calculated in IC18 and are EXOR combinations of stored
control bits plus control bits generated from memory word
that was read from the memory.

In case of error there will be a non -zero combination of
syndrome bits. Syndrome will be 0, 0, 0, 0 if there is no
error. Error location decoders are IC16 and IC19. These are
32 x 8 PROMS, both with the same contents. In the case of
IC1 6 pin 14 is grourded. This means that only the lower part
of the truth -table is selected (A4 = 0). This part of PROM is
programmed so that it gives us an error vector for syn-
dromes tabulated in Table 7. The error vector is applied to
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Fig. 2. Circuit diagram of the ECC circuit with memory array

IC14 and IC15 which are EXOR gates that serve as a con-
trolled inverter. The data bit on position where error vector is
1 is inverted and thus corrected. The upper part of IC19
PROM (A4 = 1) contains memory chip location that corres-
ponds to syndrome bits tabulated in Table 4.

The decoded position is stored in IC20. This is the ERROR
REGISTER. L.e.d.s D1, D2, D3 and D4 show the memory chip
in error. ID, is the indicator of multiple error. Error register
IC20 is cleared at switch -on via R1 and C1 but can also be
cleared by pressing pushbutton S1. Diagnostic data is writ-
ten into the error register when memory word is valid.
Otherwise we can get ambiguous information. When a mul-
tiple error is detected the signal at IC20 pin 10 (ME = high)

**SEE CAPTION

Vol GND
PIN N° PIN W

16 8

14 7

7

16

16 8
14 7

16

16

+ 5V

1011

A, 02 2

Al 03

AO 04

IC19 OS 5 6

745188

3 4

t 3

L 0

RI

6148

FD

1C20 (1'
74174

F OA

A

Os

E 05

OC

35 VALID
MEMORY

34

INTERRUPT
MULTIPLE ERROR

*+5V(34)or
+120011

+ 50 0"

12 X 2n2

ov

can be used to stop the processor.
The p.c.b. was developed so that different kinds of

memory i.c.s can be used: 4116, 4516, 4164 and their
equivalents. The pinouts are shown in Fig. 3. The signal in-
formation needed to interface the ECC memory to the
microcomputer is given in Table B.

The ECC circuit will enhance the reliability of the micro-
computer; however there are disadvantages to the scheme:
The access time of memory will be longer for the pro-
pagation delay through the ECC circuit; that is why the
higher speed memories are recommended, Another disad-
vantage is the high price of memory array, since four
additional memcry chips are needed.
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L

Fig. 4. Component layout for the ECC circuit. Note when a 4164 or 4516 memory device is used, pin A should
be inserted and pin B omitted. This will connect pin 8 to V00(  5V) and pin 9 to terminal 23. When a 4116
device is used then pin B should be inserted and pin A omitted. This will connect pin 9 to  5V (Vcc) and pin 8
to 12V via terminal 22. The capacitors C1 to C12 are shown connected for 4164 and 4516 devices. If
-4116's are used then C1 to C12 should be connected in the dotted position
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Fig. 5. P.c.b. design for ECC circuit (Underside)
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4 1
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2 7

5 0
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E B
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D 8
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B E

7 2
O 5

C 3 5 C A
B 4 2 B D
7 8 E 7 1

O F 9 0 6
1 E 8 1 7

6 9 F 6 0
A 5 3 A C
D 2 4 D B
2 D B 2 4
5 A C 5 3
9 6 0 9 F

E 1 7 E 8
F 0 6 F 9
8 7 1 8 E

4 B D 4 2
3 C A 3 5

5

2

E

8
F

4
B

C
0
7

6
1

A

3 6
4 1

8 D

F A
E B

9 C

5 0
2 7

D 8
A F

6 3
1 4
O 5
7 2
B E

C 9

O F 9
7 8 E

B 4 2

C 3 5

D 2 4
A 5 3

6 9 F

1 E 8
E 1 7

9 6 0
5 A C
2 D B
3 C A
4 B D

8 7 1

F 0 6

Table 6. The contents of ECC ENCODER 1 and 2 PROM

ADDR DATA ADDR DATA

00 00 10 10
01 00 11 OC
02 00 12 OA
03 04 13 03
04 00 14 013

05 08 15 04
06 01 16 01
07 80 17 08
08 00 18 09
09 02 19 02
OA 00 1A 10
OB 20 1B 06
OC 00 1C 10
OD 40 1D 07
OE 10 1E 05
OF 00 1F 10

Table 7. Correcting and diagnostic PROM contents

CONSTRUCTION
The assembly of the p.c.b. is quite straightforward and the

following points should be considered. The ECC circuit is on
a double -sided p.c.b. the design of which is shown in Figs. 3

PIN SIGNAL PIN SIGNAL
1 GND 21 A,
2 D7in VDDI4116)/
3 D,in 22 {Vcc(4164,4516)
4 D,in f Vcc14116)/
5 D4in t A,(4164)
6 D3in 24 N.C.
7 Doin 25 N.C.
8 D,in 26 Doout
9 D,in 27 D4out

10 Vss(+ 5V) 28 D2out

11
f V,,(4116)/ 29 D,out
L RFSH(4164,4516) 30 D1out

12 CAS 31 D3out
13 WRITE 32 Dsout
14 A6 33 D7out
15 RAS 34 INT
16 A3 35 VALID MEM ADR
17 A, 36 +5V
18 A4 37 GND
19 A2

20 A,

Table. 8. Memory/micro interface information

and 5 with the component layout shown in Fig. 4. In order to
make the connections from the track -side to the component -
side the i.c. sockets were soldered on both sides of the p.c.b;
Soldercon i.c. pins were used. In all other positions tinned
copper links or the component leads themselves were used
to make the through connections.

On the prototype the I.e.d.s were mounted on a piece of
plastic and fixed to the p.c.b. along with the pushbutton
switch; the constructor may wish to mount these compo-
nents in a position more suited to their own equipment.
Whether or not pins A and B are inserted will depend upon
the type of memory i.c.s used. The use of the pins is ex-
plained in Fig. 4. When the p.c.b. has been soldered and
checked the i.c.s can be inserted.

PE SPECIAL CASSETTES OFFER
Over the last couple of years PE offers arranged with Videotone

have proved highly successful and we have now been able to
arrange special prices (only available to PE readers) on these high
quality tapes. The offer is a result of Videotone's direct selling
policy; send in a current special PE coupon for prompt delivery.

L

Please send me CRO2 C60 Audio cassettes at
80p for 25 or more; including VAT and postage).

Please send me CR02 C90 Audio cassettes at
105p for 25 or more; including VAT and postage).

Please send me C9OLH Audio tapes at
25 or more; including VAT & postage.)

I enclose cheque/PO for C No

Name

Address

We believe these tapes are excellent value and we are
pleased to offer them to readers. They are covered by a money back
guarantee (return within 21 days for refund). Not only are the tapes
of high quality but the cassettes are of screw together construction
and the case labels have space for notes on the recordings.

p each (90p for 5 to 24, 1 CHROME C60 & C90
p each (115p for 5 to 24,

each. (56p for 5 to 24, 53p for

Coupon valid for posting before 2 Sept '83
(or one month later for overseas readers)

CR02 C60 CASSETTES
90p each (minimum of 5); 80p each
(minimum of 251
CR02 C90 CASSETTES
115p each (minimum of 5); 105p each
(minimum of 251

FERRIC C90 AUDIO
C9OLH CASSETTES
56p each (minimum of 5); 53p each
(minimum of 25).

Send valid coupon to:
Videotone Ltd., 98 Crofton Park Road,

J Crofton Park, London SE4.
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run any CP/M80 software under it directly, because of course CP/M
8000 needs to run programs written in Z8000 code not 8080
code! As far as I have been able to discover, software to run under
CP/M 8000 is pretty thin on the ground.

Things may improve in the future, since Commodore are plan-
ning to introduce a 16 bit personal computer based on the Z8000,
but for the moment at least, you are on your own!

INTERFACING
To continue time honoured Z80 traditions, the Zilog designers

have put their stamp on the Z8000 by scrambling up a I the pin
locations on the package so that they do not appear boring,
logical, groups. Let's face it, who needs the regular DO, D1, D2, D3,
D4, D5, D6, D7, D8 etc. of the 68000 when you can have the ex-
citing AD12, AD11, AD10, AD9, ADO, AD8, SN6, SN5, AD7 of the
Z8000!

Also traditional is the need for a fast, high -drive, clock generator.
Most clock designs I have seen published require a couple of
Shottky T.T.L. packages and a handful of discrete transistors and
resistors even to operate at 4MHz. This seems to be an area
neglected by Zilog and long overdue for a special clock -chip like the
8284 in the 8086 family.

Unlike the other 16 bit manufacturers Zilog have defined a
specific bus interface standard for the Z8000, called the Z -BUS.
The Z -BUS conforms generally with the pin -outs of the Z8001
processor, but can also be used as a board -to -board bus to support
more than one CPU. The bus is asynchronous and supports five
types of bus transaction as follows:

Memory access. I/O transfer. Interrupt. Bus request. Resource
request.

Address and data information are multiplexed together on pins
ADO to AD15, and so an external address latch is needed in most
systems. An address strobe AS, and a data strobe 15S, are provided
to control demultiplexing.

An additional seven non -multiplexed address bits are output by
the Z8001 as the "segment number" to expand the address range
to 8M bytes, and a Byte/Word control line is provided to indicate
whether the current memory reference applies to a word or to a
byte operand. Despite the use of a 16 bit data bus, memory data is
byte addressable because Ao is available to select theipper or
lower byte in a word and can be combined with the BNV line to
perform a similar function to the UDS and LDS strobes on the
68000. I/O transactions are indicated by the appropriate status
code on STO to ST3 and use only the 16 bit address information on
ADO to AD15.

Three types of interrupt are provided, Non-Maskable (NMI), Non
Vectored (NVI) and Vectored (VI). The only "funny" here is the NVI
which is just an additional, simple, interrupt input for low priority
applications which do not require the high status of the NMI or the
complex vectoring of the VI.

The vectoring scheme used with the VI input should bring tears
of nostalgia to the eyes of Z80 fans since it uses the same daisy
chain prioritisation scheme. The interrupt outputs of all peripheral
chips are wire-ORed together and to the INT input of the Z8000.
All peripheral devices are daisy chained together with the 1E0 (In-
terrupt Enable Output) of the highest priority device connected to
the 1E1 (Interrupt Enable In) of the next highest and so on down the
chain. If any peripheral has a pending interrupt it will be serviced
only if no higher priority devices require service and the 1E0 of the
next highest priority device is therefore a 1. When this condition is
satisfied the peripheral in question pulls its INT output low and the
processor responds by performing an interrupt acknowledge cycle
which causes the selected device to place its unique interrupt vec-
tor number on data lines ADO to AD7.

During the acknowledge cycle the Z8001 stores its current
status on the stack and reloads the four CPU status registers with
the VI status block fetched from the Program Status Area of
memory. You may remember from the register section that each
exception class has its own four word status block, but since there
can be more than one source of Vectored Interrupts, the four word
block is extended to include a 256 entry vector table of new
program counter values. The Interrupt Vector number from the in-
terrupting device is used to select the appropriate entry from this
table and the CPU recommences instruction execution at the start
of the appropriate interrupt service routine.

This powerful interrupt scheme, while very similar to the Z80
arrangement, is not exactly the same (naughty old Zilog!) but for-
tunately it is still possible to connect Z80 peripherals to a Z8000
processor with the aid of some TTL translation logic.

One possible disadvantage of the Z80 and Z8000 interrupt
scheme is that the priority status of all peripherals is fixed by the
chip interconnections and cannot be changed. The Intel 8259
Programmable Interrupt Controller chip on the other hand, provides
not only a fixed priority mode but also a rotating priority mode
which can be used to ensure that a number of users of equal status
get a fair crack of the whip.

Zilog have been generous in providing peripheral chips for the
Z8000 family, although some of this apparent generosity is not
quite what it appears! Slice the Z80 family already had the most
powerful 8 bit peripherals going, in some cases Zilog were able to
simply modify their earlier designs slightly and give them a new
numoer. By this means the Z80 CIO became the Z8036 CIO, with
just a few pins changed to aid Z8000 interfacing! Needless to say,
Zilog do not exactly shout about this feature.

To be fair to Zilog, this approach is perfectly sensible and gives
them a big advantage over Motorola who have only a primitive 8
bit family to draw on and who are still struggling to get their 16 bit
peripheral family together. It also allowed Zilog to concentrate ef-
fort on the relatively few new 16 bit peripherals like the Z8010
Memory Manager and to get these to market sooner.

The Zilog Z8010 Memory Management Unit (MMU) adds a new
dimension to the memory addressing capability of the Z8001 by
translating the physical address space of that processor into a
logically segmented space which can be dynamically reconfigured
under program control. In the basic Z8001 the 8M byte address
space is divided up into 128 segments each 64K bytes long. The
MMU divides the physical memory up into continuous 256 byte
blocks to form 64 variable sized segments from 256 to 64K bytes
positioned anywhere in the 16M byte address space, so that the
logical addresses manipulated by the programmer can be flexibly
transformed into the physical addresses required by the memory.
The MMU therefore decouples the programmer from the memory
and permits the relocation of available memory from one segment
to another under system software control to suit the immediate
needs of the system.

The technique of memory management has limited relevance to
the small single user system, but is a very powerful technique,
developed originally for arge computers, to permit the optimum
allocation of memory resources among competing tasks or users.

Since the segments recognised by the Z8010 have assignable
attributes, memory protection schemes can be easily arranged in
system software. Any request to access a segment illegally then
causes a TRAP exception to the Z8001, and possible causes could
be: writing to a read-only segment, a user trying to access a system
(privileged) segment, or a detected segment overflow conditon.

Another useful and original member of the Z8000 peripheral
family is the Z8038 FIO First -In -First -Out (FIFO) buffer unit. This
40 pin device contains a 128 byte FIFO RAM which can be used to
synchronise I/O or interprocessor transfers by accepting data from
one device and holding it until it can be accepted by a destination
device. Empty, Full, and Wait/Request control lines are available to
manage Z8038 transfers.

APPLICATIONS
The Z8001 processor is powerful, well supported by hardware,

but unfortunately not yet as popular as the 8086 or the 68000.
Perhaps this last fact will change when Commodore bring out their
expected Z8000 based 16 bit personal computer, but meanwhile
the application software base is very limited.

My personal feeling is that the Z8000 family is not the best
choice if you have a data processing application in mind, but it
might be a suitabale candidate for a 16 bit control application
thanks to its high speed, low cost, and powerful interrupt and
peripheral structure.

For most small applications the simpler Z8002 with its 64K byte
address range will probably be sufficient, but Z80 users should
beware the non -compatibility of the Z8000 family with existing
Z80 software. My advice would be to wait a little longer for the
forthcoming Z800 family which offers compatible 16 bit power!
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UNTIL quite recently mo tone controls on an electric
guitar consisted of a pot and capacitor configured as a

low pass filter, with a 6dB per octave slope. This arrange-
ment, although simple and reliable, does not give a large
tonal range, tending to be dull and uninteresting with the
treble thus removed. Increasingly, however, guitars and
basses, particularly those of oriental origin, are being equip-
ped with active tone controls giving separate treble and bass
adjustment. This gives much better and variable sounds and
has the additional advantage of buffering the guitar output,
enabling a long cable to be used to the amplifier/mixing desk
without noise pickup and the reactive loading reducing the
treble response. This results in a crisper, punchier sound.

For those not wishing (or able) to invest in a new guitar
simply for the benefit of active circuitry, this design is small
enough to be built into the guitar body, or as a separate unit,
into a small instrument case.

CIRCUIT DESCRIPTION

The active tone controls circuit provides volume treble
and bass controls with a switch giving extra treble boost,
which is very useful for solos. For best performance the
guitar pickup needs to see a high impedance, this is provided
by a bootstrapped input amplifier, which also has a volume
control incorporating a loudness circuit, which boosts the
treble at low volume settings to give the impression of con-
stant tone balance throughout the volume range-without
this the sound becomes flat and uninteresting at low levels.
This is due to the characteristics of the human ear which is
less sensitive to the high frequencies of quieter sounds.

The input amplifier is followed by the tone control
circuitry-which is of the active treble and bass type. This
circuitry has a nominal voltage gain of one with 20dB of
boost and cut at 40Hz and 1 OkHz. The output of the tone
control circuit provides the low impedance drive to the am-
plifier cable. The circuit is automatically turned on when the
output jack is plugged in and there is also a facility for charg-
ing a NiCad battery, if fitted, by using a stereo plug in the
same socket. Fig. 1 shows the plug connections required for
normal and charging use.

HOW IT WORKS

The circuit of the active tone controls is shown in Fig. 2
and can be considered as three functional blocks hased on
the three i.c.s. They are:
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1. A high input impedance amplifier incorporating the
loudness, volume control and the treble boost circuitry.
2. A conventional Baxendall type active tone control
circuit also providing the output.
3. A negative supply voltage generator.

The most unusual feature of the circuitry is the third
functional block-the negative supply generator. The
obvious question is why is it necessary at all as single supply
op amp circuits could easily be used. There are two main
reasons why. Firstly, the op amp used for the input amplifier
is the Signetics NE 5534A (chosen for its excellent low
noise audio performance) which requires a minimum supply
voltage of ±3V. Using a PP3 battery of nominally 9V output,
the battery life would be relatively short if used to power the
circuit directly as its voltage soon decays from its nominal
value, also the output from the guitar pickup has a very large
dynamic range with large transients as the strings are
played, so to avoid distortion due to op amp clipping as large
a supply voltage as possible should be used. Another advan-
tage of using positive and negative power supplies is that
the signal path is referred to OV avoiding the large switch on
thump as coupling capacitors charge up. The supply currents
are effectively separated from the signal path, reducing earth
loop noise.

The negative supply generator uses an NE555 timer i.c. in
its astable mode producing a square wave output at about
30kHz. This is outside the audio bandwidth to avoid any
breakthrough to the output being heard.

The astable period is set by R7, R8, and C7 being the time
for C7 to charge up to iVc, through R7 and R8 and dis-
charge to iVc, through R8. The frequency of oscillation is
given by:

1f - 0.693(R7 x 2R8)C7

The output of the astable is a.c. coupled and clamped by
C9 and D1 respectively. This is rectified and smoothed by
D2, C10 and C13 resulting in a negative supply of 6V. The
voltage loss is due to the two diode 0.6V drops and the fact
that the 555 output swing is not to its supply voltage;
however, with this supply an output signal of 3V peak is

Fig. 2. Circuit of active
tone controls

[(412021

RI CI C2

-.---- GROUND

a) NORMAL ,.,SE

NO CONNECTION

-- CHARGER -VE

SiGNAL 0/P O -4-- CHARGER +VE

b)BAT TERI( CHARGING

Fig. 1. Jack plug connections

available, which is quite sufficient!
While on the subject of power supplies, the battery is con-

nected to the circuit by inserting the mono jack plug of the
guitar lead into the stereo (three pole) output jack socket;
this connects the outer two poles together, completing the
circuit. Additionally, diode D3 links the output to the supply
line; in normal operation this is reversed biased and
therefore high impedance; however, if a rechargeable bat-
tery is used a stereo jack plug can be used to charge the bat-
tery in situ. The charger positive is connected to the inner
pole, negative to the centre pole. In this mode the active
tone control circuit is not connected. The charger used
should be of the corstant current type-10mA in the case of
a PP3-type battery. This is very convenient if the circuit is in-
stalled in the guitar. As the supply current is about 10mA it
makes good sense to use a rechargeable battery, especially
if the guitar is used often, as a dry cell will only last about
ten hours continuous running.

SPECIFICATIONS
Signal-to-noise ratio
Voltage gain
Maximum signal output
Supply current
Bass control
Treble control

64dB (referred to 5mV Vp)
X48 (33dB)
3V peak
10mA
±20dB at 40Hz
±20dB at 10kHz

9V

'Cl
N E5 534 A

C14
100

R7

2k2

476

C5
47m

51

RE
47k

C7
470p

R9
10k

C6
220n

1C3
NE555

rti C13
min 100/1

C9 C2
407

1N9)1I6 I tga

19916

C11 OV
50n

VR2
00k

C12
5n

RIO
10k

184551

RII
10k

IC2
TL 071

VR3
500k

R6 R5
6330

TREBLE
BOOST

III C13

!TREBLE]

R13
3k9

R14
750

,N90,361-

C15 R16
470 100

R15
100k

J K1

V
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The next functional block is the amplifier. VR1 is a simple
volume control, R1, C1 and C3 give the loudness effect-
being shorted out when the control is at full volume. C2 a.c.
couples the input to stop the op amp bias current causing
noisy pot operation. The amplifier itself is a bootstrapped
non -inverting type. The purpose of the bootstrapping is to
give a very high input impedance to the signal while
providing a low impedance at d.c. so that the op amp bias
current does not result in a large offset voltage. The circuit
works as follows-initially with the treble boost switch
open.

At d.c. capacitor C4 is an open circuit, giving the
equivalent circuit shown in Fig. 3(a). It can be seen that the
amplifier has unity gain and the input impedance at both op
amp inputs is approximately the same (R3 and R2 + R4).
They are arranged like this to balance out the bias current
generated offset as far as possible so that in the worst case
only a few millivolts of offset appears at the output.

At audio frequencies C4 is large enough to appear to be a
short circuit. The equivalent circuit becomes that of Fig. 3(b).
The gain and input impedance of this circuit are given by the
following equations:

Gain = 1 + -R3
R4

Input impedance -
(1

R2A
R3N
R4)

COMPONENTS ...
Resistors Capacitors

Cl 1n ceramic
R1 220k C2 100n ceramic
R2, R3 47k C3 10p ceramic
R4 1k C4 47p 10V bea
R5 1M C5 47p 10V bea
R6 330 C6 220n C280
R7 2k2 C7 470p ceramic
R8 47k C8 100p 10V bea
R9,R10,R1110k C9 4p7 10V bea
R12,R13 3k9 C10 100p 10V bea
R14 750 C11 50n C280
R15 100k C12 5n ceramic
R16 100 C13 10011 10V bea
All 10% +1,N carbon C14 100p 10V bea

C15 47p 10V bea

Semiconductors
D1, D2, D3 1N916
ICI NE5534A
IC2 TL071
IC3 NE555

Miscellaneous
Si -SPST miniature toggle switch
JK1-lin stereo jack socket

Potentiometers
VR1 470k log
VR2 100k lin
VR3 500k lin

(a)DC

0 V

IEG1265 I Fig. 3. Input amplifier equivalent circuits

Where A is the open -loop voltage gain of the op amp.
From the above equations it can be seen that the input

impedance is very large and VR1 therefore defines the input
impedance of the circuit as a whole. With the specified
values the input impedance is 470k and the gain is x 48, but
can be adjusted as required by altering R2 and R3.

When the treble boost switch is closed the feedback is
reduced at high frequencies, giving a brighter, louder sound.
R5 is used to stop thump when the switch is closed due to
C6 charging up, through its own leakage resistance.

C5 a.c. couples the output of this stage to a Baxendall
type active tone control circuit giving 20dB cut and boost at
40Hz and 10kHz.

CONSTRUCTIONAL DETAILS
Tantalum electrolytic capacitors are specified for their

good electrical performance and small size. If the pots used
are p.c. mounting types, they can mount directly on to the
board; if not, Harwin pins can be used on the board and the
pots connected to these. The treble boost switch,
input and output are connected to these. The treble boost
switch, input and output are connected via flying leads, as is
the battery.

The prototype was built into the body of the guitar but
could equally well be built into a small instrument case using
a mono jack socket for the input.

371
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Fig. 4 Board and component layout
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Ground
Communication

System R. A. PENFOLD

HE idea of using the ground as a medium for communica-
I tion is by no means a new one, and dates back as far as

World War 1 at least. The basic arrangement for a com-
munications system of this type is shown in Fig. 1.

An ordinary audio power amplifier driven by a microphone
is all that is needed at the transmitting end of the system,
plus two earthing rods which are placed in the ground some
distance apart. The earth usually provides a fairly low
resistance path between the two rods, but this resistance is
actually made up from an infinite number of paths through
the earth from one rod to the other. Most of the current flow
between the rods takes a more or less direct route from one
rod to the other, but some of the signal takes a much longer
route and can therefore be detected some way away from
the transmitting earthing rods. However, the longer the
route taken by the signal, the greater the resistance it has to
overcome, and the weaker the signal that is available due to
the lower current flow. All that is needed to pick up the
signal is another set of earthing rods feeding a pair of
headphones or an amplifier and loudspeaker, but the ineffi-
ciency of this system gives only a fairly limited operating
range.

Systems of this type generally only operate up to an ab-
solute maximum range of about two miles, and often the
maximum attainable range will be very much less than this.
This still gives an adequate range for some purposes, and
ground communications is certainly an interesting subject
for the experimenter. A novel feature of ground communica-
tions is that it can be used for subterranean communica-
tions, unlike normal radio communications.

BLOCK DIAGRAM
Fig. 2 shows in block diagram form the simple ground

communications system featured in this article. The
transmitter consists of a microphone feeding a preamplifier
stage, which in turn drives a power amplifier. A gain control
is used in conjunction with an I.e.d. level indicator to ensure
that the power amplifier is fully driven but not seriously
overloaded.

The power amplifier is a bridge type, and this is necessary
as a reasonably large output voltage swing is needed in
order to give usable results. The amplifier uses a bridge
amplifier integrated circuit which is normally used as a
power booster for a car radio, giving an output power of
about 18 to 20 watts r.m.s. into a 4 ohm impedance
loudspeaker. In this case the output power is very much
lower than this, and is likely to be in the region of 1 watt
r.m.s. since the impedance across the earthing rods is

POWER
AMPLIFIER

MIC

(EG 11091

EARTHING
ROOS

Fig. 1. Ground communication basic system

typically between 50 and 100 ohms. This relatively low out-
put power gives the unit a reasonably low current consump-
tion so that battery operation is possible.

The receiver uses a high gain preamplifier follqwed by a
200Hz highpass filer and a small audio power amplifier. The
latter drives a miniature loudspeaker, or medium/high
impedance headphones can be used if preferred. The pur-
pose of the highpass filter is to combat mains hum which
always seems to be present, and can be very strong if the
system is used very near to houses or other places where
mains powered equipment is used land earthed). The filter-
ing is only partially successful as there are quite strong har-
monics on the 50Hz mains signal. With these harmonics
spaced at 50Hz throughout the audio band, it is not really
feasible to filter them out completely. A high slope 200Hz
highpass filter gives a worthwhile reduction without af-
fecting the intelligibility of the received signal. It does not
seem to be possible to use a balanced input and a phasing
technique to reduce mains hum.
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Fig. 2. The system in block diagram

It may seem wasteful to use separate circuits for the
transmitter and the receiver when both are basically just
high gain audio power amplifiers. However, circuits using a
single amplifier with the loudspeaker used as a microphone
in the transmit mode all provided mediocre results both in
terms of audio quality and range, and a two amplifier circuit
was therefore adopted for the final unit.

TRANSMITTER CIRCUIT
Fig. 3 shows the circuit diagram of the transmitter. The

power amplifier uses an HA1388 bridge amplifier which will
give over 20 volts peak to peak at the output using a
nominal 12 volt supply. C9 and C10 are bootstrapping
capacitors which help to maximise the output voltage swing
from the two power amplifier. C11 and C12 are needed to
aid stability while D2 and its associated components are
used to give an indication of the output signal level. D2 will
be forward biased on one set of half cycles, but only if the

CI CI
oiM100p

C2
IN

5K1 1 I]
R1

IM

R4
390

IC1
HA 1388

POWER
AMPLIFIER

LOUD
SPEAKER

peak output voltage exceeds about 7 volts, since about 5.1
volts is needed to force D1 into conduction, while approx-
imately 1.9 volts further is needed to overcome the
threshold potential of D2. Thus about 14 volts or so peak to
peak is needed at the output before D2 will light up, and the
amplifier will be fully driven or nearly so provided D2 lights
up when someone speaks into the microphone.

The voltage gain provided by IC1 is quite high and only
about 10 millivolts r.m.s. is needed at the input (pin 3) in
order to provide maximum output. This is still not sufficient
to enable the circuit to be driven from a normal microphone,
and TR1 is therefore used as a common emitter preamplifier
stage which boosts the gain of the circuit by a factor of
about one hundred. This enables the unit to be used with in-
expensive low impedance (200 or 600 ohm) dynamic
microphones. C13 rolls -off the high frequency response of
the preamplifier which helps to prevent instability and also
gives an improvement in the signal to noise ratio of the cir-
cuit.

19

11
1001.,

C6 4_ C 8
1006

CS C7T47T T1CT

C9

IC10

470

C11 min

(EARTH
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(EARTH 2

+9V TO I2V
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ii.BZTE18

CSV1

11'5'- D2
TIL209

C12
lei 100n

YE

81219]

Fig. 3. The transmitter circuit. In use the current consumption can be in excess of 100mA so the battery should be a PP9 or
six to eight HP7s. Ideally Ni-Cad cells are to be preferred
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Fig. 4. The receiver circuit
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Fig. 5. Transmit/Receive switching
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RECEIVER CIRCUIT
The receiver circuit uses a preamplifier which is similar to

that employed in the transmitter, as will be apparent from
the circuit diagram of Fig. 4.

From the output of the preamplifier the signal is passed
via volume control VR1 to the highpass filter. This is a con-
ventional active 24dB per octave type which uses TR2 as
the unity voltage gain buffer stage and has a cutoff fre-
quency of approximately 200Hz. Low frequencies do not
significantly contribute to the intelligibility of a voice signal,
and the filtering does not have any detrimental effect on the
signal. There is little output from the transmitter below
200Hz anyway.

The power amplifier is a TBA820M (IC1) which gives an
output power of about 150 milliwatts into a high impedance
loudspeaker, and this gives a perfectly adequate volume
level for this application. R11 is a feedback resistor which
sets the closed loop voltage gain of IC1 at approximately
130 times. This gives the circuit an input sensitivity of about
2 millivolts r.m.s. for maximum output, and this is about the
highest practical sensitivity.

For two way communications it is obviously necessary to
have both a transmitter and a receiver plus transmit/receive
switching at each end of the system. Suitable switching is
shown in Fig. 5.

Fig. 6. Constructional details
of the transmitter board with
the printed circuit shown top
right

ICI

DI

01ED".
(10--110.+D2

(1)-.-11P. D2

EARTH 2

-V E

0

O -11.-+V E

EARTH

CONSTRUCTION
The system can be built as separate transmitter and

receiver units for one way communications, or as transceiver
units for two way communications, but it will be assumed
here that the system is constructed as two transceivers. The
transmitter and receiver circuits are assembled on separate
printed circuit boards which are shown in Fig. 6 and Fig. 7
respectively. Both boards are quite straight forward to con-
struct, and the only unusual component used is the HA1388
(ICI in the transmitter). This has a single line of twelve pins,
but pin 1 is indicated in the standard fashion by a small dot
or indentation on the body of the component. The HA1388
has a heat -tab which can be bolted to a heatsink, but in this
application the output power is not likely to be sufficient to
merit the fitting of even a small heatsink. This integrated
circuit has comprehensive protection circuits incidentally,
including a thermal shutdown circuit.

A metal instrument case measuring about 200 x 125 x
75mm will comfortably accommodate all the components
including the batteries. The general layout of the unit can be
seen from the photograph but is not especially critical.
Miniature loudspeakers do not usually have provision for
screw fixing and it will almost certainly be necessary to glue
LS1 in position behind a grille made by drilling a matrix of
small holes. The connections to the earthing rods can be
made by way of a couple of 4mm sockets fitted on the rear
panel of the case, plus a couple of leads fitted with 4mm
plugs.

Once all the components have been installed in the case
the point to point wiring can be added. The wiring to 51 is
illustrated in Fig. 8.

c TRANSMITTER BOARD 1
Resistors Semiconductors

R1 1k IC1 HA1388
R2 2M2 TR 1 BC109C
R3 8k2 D1 BZY88C5V1
R4 390 D2 TIL209 etc.
R5 470
All resistors pv 5% carbon film

Capacitors

C2, 3
C4
C5, 9, 10
C6
C7, 8
011,12
C13
C14

100p 16V radial electrolytic
1p 63V axial electrolytic (2 off)
1p 63V radial electrolytic
47p. 10V radial electrolytic (3 off)
100u 10V radial electrolytic
100p 10V axial electrolytic (2 off)
100n polyester
10n mylar
470p 16V radial electrolytic

Miscellaneous
SK1 3.5mm jack socket
VR 1 22k log. carbon
Printed circuit board, low impedance dynamic
microphone, control knob, Veropins, wire, etc.,/
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Fig. 7. Printed circuit and board
assembly for receiver

RECEIVER BOARD
Resistors

R1 1k
R2 1M8
R3, 4 ck8 (2 off)
R5 15k
R6 8k2
R7 150k
R8 180k
89,10 4k7 (2 off)
R11 47
R12 1

All resistors iW 5% carbon
047p 63V radial electrolytic film

047p 63V axial electrolytic (2 off'
22n polyester
100n polyester (4 off)
100p 10V radial electrolytic (2 off)
220n polyester
100p 16V radial electrolytic

Miscellaneous
VR 1 22k log. carbon
LS1 40 to 80R impedance miniature loud-

speaker
Printed circuit board, control knob, Veropins, w.re, etc.

ADDITIONAL FOR TRANSCEIVER
Si ---3 way 4 pole rotary switch, control knob, two
wander sockets, case, battery connector, wire, etc.

IN USE
Results obtained with the finished system are largely

dependent on factors such as the efficiency of the earths
used, the conductivity of the soil, and the level of mains hum
present, rather than on the level of performance provided by
the transceivers. It is therefore impossible to predict how
great or restricted the range obtained using the system will
be. However, in order to obtain good results it is essential to
observe a few simple rules.

The most important of these is to place the two earths as
far apart as is reasonably possible. Placing them only a
metre or so apart is unlikely to give usable results, and a

(

YE.

+55 TO TRANSMITTER

Vt: TO RECEIVER

FATTER.

EARTH

EARTH 2

TRANSMITTER
OUTRU

RECEIVER
INPUT

Fig. 8. Wiring to Transmit/Receive
switch S1

spacing of around ten metres will give vastly superior
results. Wide spacing of the earths seems to be beneficial for
both transmission aid reception.

It is essential for the earths to make good contact with the
soil. Early experiments were made using earths that con-
sisted of small sheets of metal pushed into the soil, but this
gave a very limited range indeed. Much better results seem
to be produced using metal rods about 12 to 30mm in
diameter and about one metre long hammered as deep as
possible. Ideally these should be made of a metal that is
resistant to corrosion.

For best results the earths should be positioned so that
the four of them roughly form a rectangle (as in Fig. 1 which
was discussed earlier). At the other extreme, having all four
earths roughly in line will give very poor results and would
probably result in the system failing to work at all.

Mains hum can be quite strong in built-up areas, and it
might be worthwhile experimenting with the earthing rods in
various positions in an attempt to minimise hum. It will often
be the level of this mains interference that determines the
maximum usable range of the system, but even where mains
hum is very strong, it should be possible to obtain a range of
50 to 100 metres if efficient and well placed earths are used
so that a strong signal is produced by the transmitter. In the
interest of minimising any interference received it is
advisable to have the leads from the transceiver to the
earths as short as possible.

Radio interference might be a problem at times, but
adding a capacitor of a few nanofarads in value across the
input/output sockets should eliminate this interference.

It is important to set the microphone gain control cor-
rectly, and with the aid of I.e.d. indicator D2 this is quite
easy. The gain control should be advanced just far enough to
make D2 flash on signal peaks, but it should not light up
brightly and continuously while someone is speaking into
the microphone This would result in severe clipping at the
output of the transmitter with a high level of distortion on
the output signal.

OUTPUT
TO LSI
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Getting
GRIPS
with M
UK SATELLITE SYSTEM EXPLAINED

ANUMBER of European countries, including the UK, plan to
have Direct Broadcast Satellite (DBS) systems operational

or pre -operational by 1985/86. The UK plans include the two -
channel UNISAT being developed by British Aerospace for
leasing to the BBC. UNISAT will weigh about 1400kg with
solar generator panels that should still be generating 17kW at
the end of its 10 year design life.

This electrical power is sufficient to provide only two DBS
channels to the full international standards agreed in 1977 to
permit programmes to be received virtually anywhere in the
British Isles by means of a small dish aerial of about 70cm (2
feet) diameter, mounted on roof -tops or at ground level, or
anywhere which has direct line -of -sight to the satellite to be
positioned 36,000km above the Equator at 31° West.

90cm DIAMETER DISH ANTENNA
WITH A II GHz TO UHF
CONVERSION UNIT TYPICALLY
MOUNTED ON SIDE OF HOUSE

TERRESTRIAL
UHF TV

INDOOR
UNIT

([6133 71

CONVENTIONAL
TELEVISION
RECEIVER

Fig. 1. Indoor unit selects satellite channel and con-
verts satellite television standard to terrestrial tele-
vision standard

F
INDOOR UNIT

UHF/AM

LSIELCI

VHF/AM VIDEO

VIDEO
AMPLIFIER

CONVENT IONAL RECEIVER

Fig. 2. Basic receiver options

DISH DEBATE
There is some debate about how many viewers will have a

suitable place for their own dish aerial. Some will find trees or
other buildings blocking their direct reception, and those living
in flats may not have access to the roof or live on the wrong side
of the building for a wall -mounted aerial. For such viewers,
satellite channels could reach them through a communal or
"syndicate" aerial mounted on the roof or from a master -aerial
system in conjunction with a cable network. Economically there
are advantages in communal and cable systems since the signals
could be distributed in a form suitable for use with a standard
television receiver. Those with their own DBS aerial will need a
12GHz to UHF conversion unit mounted with the aerial unit
and also an "indoor unit" to provide a signal suitable for use
with the receiver, preferably linking into the receiver at video fre-
quency (RGB signals) as shown in Fig. 1 or by using a UHF
modulator and the aerial input socket. It can be seen from Fig. 2
that there are a number of basic receiver configurations which
could be adapted to interconnect a 12GHz FM receiver/adaptor
with a conventional UHF/AM receiver. An adaptor providing a
UHF/AM output could be connected directly to the aerial
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socket of an existing receiver. Alternatively an output at the !P
of the main receiver could feed into the IF amplifier section.
Output at video frequency is particularly attractive in that it
eliminates distortion and spurious signals which are inherent in
low-cost modulators and multiple -conversion receivers.

In practice a single DBS transmitter should be receivable in
about 98-99% of homes. The limited electric power available at
the satellite has an important effect on the form of transmission.
For terrestrial TV the vision signal is transmitted as an
amplitude -modulated vestigial sideband signal (VSB). In Europe
the complete 625 -line television signal, including the frequency -

modulated mono audio channel, fits into an 8MHz channel (Fig.
3). All these systems use frequency interleaving in order to en-
code the luminance (black and white) picture information with
the chrominance (colour) information, the method differs in the
PAL and SECAM systems. The third main colour -encoding
system NISC, is not used in Europe but is used in a number of
countries having 525 -line systems. In all these three colour-

encoding systems a subcarrier is used to carry the chroma infor-
mation. For 625 -line PAL the colour subcarrier is at the precise
frequency 4.4336MHz.

VISION CARRIER

SOUND CARRIER
CENTRE FREQUENCY

CHROMINANCE
SUBCARRIER

I 3MHz

LUMINANCE

SHARED
SPECTRUM

AREA

CHROMINANCE CHROMINANCE

I 25MHz

4336MHz
1

2
3(MHz) 4

S SMHz

8MHz CHANNEL

Fig. 3. The frequency bands occupied by the colour
picture components and sound signals from an ideal
transmitter

AMPLITUDE (dB)

Fig. 4a. The noise spectra associated with AM signals

The use of a colour subcarrier means that the chroma infor-
mation is converted upwards in frequency, in other words
chroma is transmitted between roughly 3 to 5.7MHz-
frequencies shared with luminance information of fine detail pat-
terns. The result of this sharing can clearly be seen on domestic
receivers in the form of cross -colour effects, the spurious colours
seen on striped clothing, patterned suits, shirts and ties, etc. This
is because to the receiver the luminance "pattern" looks like
chroma information and is amplified in the chroma circuits.
Conversely problems can arise from chroma information being
mistaken for luminance. This problem is inherent in all conven-
tional colour -encoding systems although it tended often to pass
unnoticed in the first decade of colour when the sensitivity and
resolution of studio cameras etc tended to be insufficient to
exploit the full potential of the system.

TRIANGULAR NOISE SPECTRUM
However when a subcarrier colour -encoding system is used

with a frequency -modulated vision signal there is a further
problem that does not arise with amplitude -modulation. This is
the so-called triangular noise spectrum. With an FM signal the
noise rises with frequency, there is thus a higher noise content
with chroma information transmitted at around 4.4MHz than
when it is transmitted at its "baseband" frequency. For this
reason a 625 -line PAL picture transmitted over satellite circuits
tends to suffer noise or "graininess" noticeable in the more
highly saturated large colour areas shown in Figs. 4a and 4b.
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Fig. 4b. The noise spectra associated with FM signals

MULTIPLE SOUND CHANNELS
There is a further important difference envisaged between

conventional terrestrial TV transmissions and DBS-the carry-
ing of multiple sound channels. In the first place there is the wish
to transmit high -quality stereo with sufficiently low cross -talk to
permit these channels to be used for such purposes as
simultaneous multilingual broadcasts or the carrying of totally
independent "radio" programmes and also, if required, data
transmissions such as an extended -capacity Teletext service,
optional subtitling for the hard -of -hearing etc. With modern
technology it is logical to use a digital system capable of ex-
tremely high quality. In terrestrial networks a problem with
digital transmission is vulnerability to multipath "echoes" but
digital, via satellite appears to be virtually free of such problems.
For the first time broadcast audio can be planned to standards
significantly better than existing VHF/FM stereo.

The UK, acting on the recommendations of the Advisory
Panel on Technical Transmission Standards for Direct Broad-
casting by Satellite (chaired by Sir Antony Part), has adopted a
transmission system that takes into account not only the
technical factors outlined above but also the advantages to
industry and to viewers in making extensive use of LSI
technology. The system C -MAC was developed and proposed

CHANNEL
NO.

ASSIGNED
FREQUENCY

(MHz)
CHANNEL

NO.

ASSIGNED
FREQUENCY

(MHz)

1 11727.48 21 12111 .08
2 11746.66 22 12130.26
3 11765.84 23 12149.44
4 11785.02 24 12168.62
5 11804.20 25 12187.80
6 11823.38 26 12206.98
7 11842.56 27 12226.16
8 11861.74 28 12245.34
9 11880.92 29 12264.52

10 11900.10 30 12283.70
11 11919.28 31 12302.88
12 11938.46 32 12322.06
13 11957.64 33 12341.24
14 11976.82 34 12360.42
15 11996.00 35 12379.60
16 12015.18 36 12398.78
17 12034.36 37 12417.96
18 12053.54 38 12437.14
19 12072.72 39 12456.32
20 12091.90 40 12475.50

Table 1. Assigned frequencies for the 12GHz Satellite
broadcasting band (Europe). Note: UK channels are 4,
8, 12, 16 and 20. Orbit position -31 °W. Polarisation -
right -hand circular in now current convention viewed
with signals approaching receiving aerial

by the IBA but is now the official UK standard, to be used for
example on the first BBC channels on UNISAT. C -MAC has
also been proposed as a European standard for DBS. 625 -line
PAL with VSB vision transmission will, of course, continue to
be used over the terrestrial networks.

TIME -COMPRESSION MULTIPLEXING
The C -MAC system is based on a single FM transmission

channel with no sound carriers, colour carriers or subcarriers.
It is designed to meet the European satellite transmission
parameters which specify the use of 27MHz wide channels with
the carriers only 19MHz apart but with adjacent channel inter-
ference limited to agreed figures; 40 channels have been
assigned, the frequencies of which are listed in Table 1. The
basic parameters of C -MAC are listed in Table 2.

Satellite channel bandwidth: 27MHz. Triangular energy
dispersal waveform added to video signal.
Luminance (Y): Uncompresse6, up to 5.6MHz

Compression ratio 3:2
Compressed, up to 8.4MHz

Chrominance
(U, V):

Uncompressed, up to 1.6MHz
Compression ratio 3:1
Compressed,, up to 4.8MHz
Each chroma signal, U or V, is
transmitted on alternate lines.

Sound/data: Digital synchronization: 8 -bit burst at
start of each line period

Digital rate: 20.25Mbit/s
Basic audio sampling frequency 32kHz,
14 -bit words (linear), 10 -bit words

(companded)
During normal picture transmission 186
bits per line, representing TV frame
capacity of 2906.25kbit/s.
In each 8 millisec period (125 TV lines)
exactly 256 samples of each sound
channel are transmitted. Data frames
similarly based on 8 millisecond
periods.

Line period 164µs: Each line is made up of: sync burst and
digital sound (194 bits); then transition to main clamp (zero
level) 15 samples; chrominance (U or V), 335 samples;
grey -to -black transition and black -level clamp (14 samples);
luminance, 710 samples; transition into data (4 samples).
Sampling clock frequency 20.25MHz.

Line frequency 3 x -8164 x 20250kHz.

Table 2. C -MAC basic parameters, 625 -line, 50Hz in-
terlaced

Instead of frequency -interleaving the system uses time -
multiplexing to permit the luminance and chrominance informa-
tion to be transmitted sequentially rather than simultaneously.
To enable this to be done within the framework of a standard
625 -line format, both luminance and chroma signals are time -
compressed on transmission and subsequently time -stretched at
the receiver. Time -compression and time -expansion of signals is
the fundamental principle of digital standards converters, digital
time -base correctors and some other applications of digital
technology in television. Basically one can clock a signal into an
electronic memory at one rate and take it out again at a different
rate. Since in a MAC system this is done within each 64µs line
period the amount of electronic memory required is relatively
small (Fig. 5).

Decoders can use a charge coupled device (c.c.d.) which is a
memory device capable of storing a signal in analogue form, or
alternatively the process can be carried out, as in a modern stan-
dards converter, in digital form using conventional digital
memory devices. In the early development of the MAC system it

48 Practical Electronics September 1983



1 CHROMINANCEAUDIO/DATA COMPRESSED
SIGNAL FROM 52ps TO

9pS to us (U OR V
ON ALTERNATE

LINES)
J LUMINANCE COMPRESSED FROM

52 us TO 34ps

64 us

Fig. 5. Basic C -MAC Signal line format

was usually suggested that a c.c.d. analogue memory system
should be used; however it has become evident that at least in
the initial stages, the alternative and equally satisfactory digital
system, using conventional digital memory, will prove the more
economical process despite the requirement for simple A to D
and D to A converters.

In practice, for mass production, the basic MAC video
decoder is likely to take the form of two special-purpose large-
scale -integrated (I.s.i.) devices, less than will be required for
decoding the multiplexed digital audio channels; this factor is
why it can be fairly claimed that C -MAC indoor units can be
produced at virtually the same cost as a PAL plus multiplexed
sound unit. Multiplexed sound of course does add fairly
significantly to the cost of indoor units compared with the con-
ventional single mono -channel sound system used for terrestrial
television broadcasting. In practice the digital sound decoder
needs roughly the same order of complexity as a Teletext
decoder.

To sum up the MAC video system: The colour and luminance
signals remain separate throughout the transmission system and
are sent sequentially as Component signals by means of time
compression in a time -Multiplexed form, with the FM transmis-
sion conveying the signals in Analogue form. Hence the name
Multiplexed Analogue Component (MAC). In the decoder the
time -stretching can be done using either analogue or digital
techniques, with the digital approach being favoured currently
on economic grounds.

IBA's mobile experimental satellite up -link terminal,
first demonstrated at Wembley in 1978 and since used
on a North Sea oil rig and in Austria, the Azores and
Spain. This unit provided a vital test -rig for MAC
sending up signals to the OTS satellite

AUDIO TRANSMISSION
The audio signals are transmitted in digital form, as bursts of

data at 20.25Mbit/s in the line -blanking interval at the start of
each line -period. The C in C -MAC refers to the general form of
the multiplexed sound system. It stems from the investigation by
members of the European Broadcasting Union of a number of
possible ways of transmitting digital sound with or without sub -
carriers etc, designated as A, B or C -type sound. There are also
further variations within these categories. The C system
proposed and accepted by the UK is a complex but flexible
system in which the multiplexing is defined by a regularly
transmitted "structure map". This permits the exact mix of
sound/data channels to be changed at will. Further when no
video signal is present (for example outside TV broadcasting
hours) the 20.25Mbit/s data signal can be run continuously,
providing either a large number of very high quality sound -only
services or an enormous data capacity for Teletext.

The digital burst normally consists of a run-in, a sync word
and 174 bits of data. It should be appreciated that the circuitry
required to demultiplex this data stream is complex but for-
tunately can be largely implemented in integrated form. To ex-
plain the flexible data structure in detail however would require
an article in itself.

ZERO -LEVEL OF
CHROMI NANCE

I DATA I

(PERIOD!

CHROM !NANCE LUMINANCE
Um/Uv IV p -p

1 I 3V p -p

BLACK LEVEL

L.- IL
I I _ h

I

e

I I I

64 ys

[mu I
 = 194 bits
b = 4 samples

= 15 samples
d = 355 samples
e = 4 simples
f = 10 samples
g = 710 samples
h = 4 samples

DATA
IPERIOD

I

- synchronisation. sound/date
- transition from end of data;

Includes leading edge of pedestal signal
added to video to provide energy dispersal

- main clamp period
- chrominance (U or VI
- grey -to -black transition
- black -level clamp period
- luminance
- transition into data: includes

trailing edge of pedestal signal added to
video to provide energy dispersal

Fig. 6. Detailed C -MAC Video waveform (lines 23 to
310 and 335 to 622) for normal picture transmission
(not to scale)

DATA STRUCTURE
Each TV line consists of a 9µs digital burst, then 17.5µs of

colour information and finally 35µs of luminance information. A
detailed illustration of the C -MAC video waveform is given in
Fig. 6. Although the vision signal is analogue in form, it is con-
venient to think of it as being "sampled" at the same digital rate
of 20.25MHz. This rate represents 1296 samples for each 64 -
microsecond line period of which 1114 sampling periods are
used for the luminance and chrominance signals. The remaining
182 sampling periods correspond to the line blanking interval
and represent the 182 bits of the 20.25Mbit/s digital signal (174
carrying the audio/data information). Both sound and video
signals can be encrypted for subscription channels more readily
than conventional composite -coded transmissions. It is easy to
rearrange the luminance and chrominance information to
"scramble" the pictures, and the digital sound can readily be
made unintelligible to a standard decoder.

It should be appreciated that time -compression or "shrink-
ing" of a signal represents an overall increase in video
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bandwidth since each video component is actually transmitted in
less time at a higher frequency. However the additional
bandwidth remains within that available in a satellite channel,
and the slight degradation in signal/noise ratio in no way com-
pares with the additional chroma noise that would result from
the use of a 4.43MHz subcarrier on an FM transmission.
Because MAC reduces significantly the problem of noise in the
highly coloured areas the overall effect is to provide the user
with a picture that remains acceptable at lower signal inputs to
the 12GHz front-end. This means in effect that the viewer can
use a smaller dish aerial, or alternatively has more in hand to
counter gradual deterioration of the dish reflector or aerial
pointing errors. Since a smaller dish is less directional as well as
offering less wind resistance, the installation of a DBS aerial for
MAC is usefully less critical than for conventional colour -
encoded signals.

DIGITAL FILTERING
While C -MAC remains a 625 -line system, the separation of

colour and brightness information greatly facilitates the addition
of digital signal -processing within the receiver. For this reason
techniques that would provide additional luminance information
within a MAC transmission by means of what is called "three-
dimensional" digital filtering have been investigated by the IBA.
This processing takes advantage of the series of gaps in the spec-
trum which carry only high -frequency diagonal information. If
these HF diagonals are excluded the gaps become available to
carry additional information. This extended -definition option
would be useful for providing high-fidelity pictures, with a sub-
jective resolution of roughly 1000 lines they would be suitable
for use with future large -screen, high -resolution picture -display
systems. Such a system requires several fields of digital memory
within the receiver and is not at present economic for domestic
sets. This can usefully be combined with the prospect of the

flicker -free pictures that can be provided by displaying 625 -line
50Hz pictures at 100Hz and sequentially, rather than in
interlaced form.

Digital processing in receivers has already been demonstrated
by receiver manufacturers but a major advantage with the MAC
system is that the requirement for motion -detection in order to
suppress digital processing in areas of fast motion are greatly
eased by component (YUV) rather than composite signals.

VIDEO INTERFACE
To obtain the fa advantages of MAC the interface between

the "indoor unit" and the television receiver proper needs to be
at video frequency, i.e. YUV signals (Fig. 7). The fitting of a

12 GHz
MAC

1 GHz

DOWN
CONVERTER

(cults t)

IF

FM DE-
MODULATOR

VIDEO

PROCE SSOR

INDOOR UNIT

YUV

UHF

Fig 7. Basic MAC satellite converter

suitable socket to receivers also offers very significant
advantages-indeed such sockets have been mandatory in
France since 1980. With a video socket, the need for the UHF
modulators currently used in VCR machines, video games,
Teletext adaptors, home computer etc. is eliminated, resulting in
greatly improved displays when these units are in operation. The
trend towards YUV nterfacing can also be seen in the growth of
"unit video". This does not mean that the current sets cannot be
used with MAC but it does mean that the signal fed to an aerial
socket has to be in composite -coded form and this reintroduces
the problems of cross effects that MAC can eliminate.

especially to PRACTICAL ELECTRONICS-the
magazine for connecting hobbyists. The latest
technology in a monthly selection of useful
constiuctional projects for your home...for your
car -in fact, there are hundreds of ways
PRACTICAL ELECTRONICS can help you.

The biggest problem is avoiding breakdowns, like missing
important issues-but now it's made easy with the
PRACTICAL ELECTRONICS subscription service.

1°*.S41

Just fill in the coupon below and have PRACTICAL ELECTRONICS delivered
direct to your door every month. Avoid disconnection seno off the coupon today.

Alternatively ring our special Teledata Hotline. And why not order a subscr(gdon for a friend too!

PRACTICAL

ELECTRONICS
SUBSCRIPTION ORDER FORM
Complete this form and post
it, with payment or Credit
Card authorisation to:
IPC Magazines Ltd.,
Room 2816, King's Reach
Tower, Stamford Street,
London SE1 9LS.
You can use this form to
order a gift subscription too.
Hotline. Phone TELEDATA
01-200 0200 with your
Credit Card No. Allow 4
weeks for order processing.

OLDHOTLINE
PHONE
TELEDATA

01 200 0 200

Post copies to:
NAME

ADDRESS:

Annual Subscription Rates
U.K L13.00
U.S .A. CANADA $28.60
Other Overseas Surface Mail L13.00
(Students' Deduct Cl CO ($2 20) and
quote Student number)

Post Code.
If a Gift Subscription enter your own name and address here.

NAME

ADDRESS'

Post Code.
I enclose my cheque/PO. payable to IPC Magazines Ltd. for £
Charge my Credit Card A/C at quoted rate. v0 v3 v0 v0ri =
Card Valid from. to

Signature

50 Practical Electronics September 1983



BBC COMPUTERS BBC SOFTWARE IN EPROM
Model B 346.95 Wordprucessor ' \bow" 52.00 11014 0.36 4010
Model B Disc Interlace 441 95 12 MOS

T1062

0 34 4011

NB: Credit cards not accepted in pay- SPECIAL DATA SHEETS are 40"
11021

0.29 4012(Carriage 6 50 by Secuncorl

BBC MICRO DISC DRIVES
OFFER rk 0edn0

T11110006461

0 49 4013
098 4014went for BBC Micro available on Oems

BBC 31 Single 1031 Drive Expandable to Spectrum 32K
0 29 4015

2  100K Upgrade Kit DI 4.000 32 4016

195 00
D2 1.00 06 300 11011

24.95

019 4017
0 47 4018BBC 32 Dual 1006 Drives 73500

0034 21:
11012

F01795 06 2810

01081
11082

1 00 4019

BBC 34 Dual 4001( Drives 545 00

11074BBC 33 100K Upgrade for BBC 31 140 00

BBC 35 Utilities Disc 75 00 MEMORIES 11084
016 4071

(supplied only with BBC 31. 32 341
71141 200ns DI 010 F01197

All Disc Dives lexcept BBC 33 are complete with
2706 45Ons 02 295 WD1691 g6211: T71109571

040 4023

Manual. Utilities Disc. and Connecting Cables W07143 01 02 6.99
0

BBC MICRO UPGRADE KITS 2716 350ns 01 495 INTERFACE DEVICES 7111408547

0, 5834 40107215

2716 4SOns in 145
061 4026

BBCA2B Complete A to 8 Upgrade M.15 2716 3 rail 01 72 6407 360 145 062 4027

BBC 7 Printer 'User I 0 Kit 7.50 2732 45Ons DI 3.15 75110 056 11496

BBC 1 16K Memory 18.00 2532 450ns 02 3.45 75107
71148094

1 63 4028

BBC 3 Disc Interlace Kit Ka0 7732 350ns 01 5.45 75150
0 60 4037

1.33 0033

BBC 4 Analogue Input Kit 610 4116 15Ons 02 015 75160

064 11507
1 60 4034only supplied with Disc Drives 2764 30Ons DI 5.99 75154

6116 15Ons 01 3.30 75173
1.95

3220: 103,05622 112744478521

0 30 4044

0 21 44040421BBC 6 BUS Expansion Kit 6.45 4118 150ns 01 3.25 75162

011 4035
BBC 5 Senall0 .9 ROB Kit 7,30 4116 20Ons 02 010 75167

All Kits are supplied with lull toting instructions 5516 200ns 02 9.45 76171

0 411 4040

PRINTERS 6116 Low Power
1 44

REGULATORS
78105

0 30 44047,
NEC 8023 Printer (Carnage 10 001 31000

4164 15Ons TI 03 4 45 75187

sons 02 415
1755111754 1 95

1.95 18112

00 4030 440044104164 200ns TI 03 3.95 7755118883

0 50 MI5BBC CONNECTORS

0 40 40481718:1552

010 4049

BBC 21 Printer Cable and Amphenol Plug
!not assembled) 13 00 4164 150ns

Month, 03 1 46

0 50
0 37

015 4050
BBC 22 User Port Connector and Cable 36" 2 46 15189 0 37

045 4051
BBC 23 Cassette Lead 3 50 4516 Q16 1COns 02 2 _._2S 0 22

7912
1905

BBC 24 7 Pin DIN Plug
BBC 25 6 Pin DIN Plug

0 60
060 6100 FAMILY

4532 2COns 02 2 95
75453

0 22
022 7915

1 ZO 4053

015 4052

BBC 265 Pin DIN Plug 060

1850°°2

07 125 75454 022 L M309K

12 9 04° 40554054

BBC 36 Disc Power Cable
way card edge 1200

6 00 ;54549521

031

LM317K
LM323K

BBC 25 Disc 00 Cable 34W IOC to 2034

5809
05 2 50 75468 0 88

6 25 4060
ii810

06 6 30
DI 1.15

042 LM338K

BBC 44 Analogue Input Plug and Cover 225 4031015 02 300 4063

AY31270
DATA CONVERTERS

406603 1 00
BBC 66 IM Bus Connector + 36" Cable 3.50

r 8420
6.47

5845
D4 3 75
05 650 A538910 06 1.40

A653606 02 6.70

UPD7007
ZN125 D! 3.45

BBC ACCESSORIES 6850 02 1 10
DP8301 DI 2.50

274426
BBC 45 Joysticks Iper pairl 11 30 58488 DI 5.9! 4011
BBC 71 Teletext Receive' 225 00 681300

02 7 30 01 037
Or 4.75 4072

11000 01 037 12NN442282

MC1488

BBC 72 Second Processor 165021
BBC 73 Second Processor 12801 170 00

68E109

58810 DI 2.26

07 5 25
06 12 DO

03 220

MCI489

MC3446
MC3242A

DI 2.50
6.30 ZN429

2101437

ZN449 00 I1 9231: 411165

DI 2 10 4073

ACORNSOFT FOR THE BBC
68821

MC3448A 01 375
SE1103 Business Games 165

,06888(05000 04 6 00
02 270 MC3480 D5 7.30 CRYSTALS

44007181

SBE02 Peeko Computer inc Manual 8.65 1110 FAMILY MMCC34148121 01 7.65 1008M
82

DI 2.00 1MS8E04 Tree of Knowledge 8 65 2.75

9.45 1 8432M

275 440001

SBE01 Algebraic Manipulation Pk
58001 Creative Graphics Cassette
S8%02 Graphics and Charts Cannon,
58601 Desk Diary inc Manual

8 65 LOOACPU 02 2.99 MC14412

8 65 280ACTC DI 2.80 80325130 DI 6.50 3 5864M
8 65 2808C1C 01 9.00

8 65 ZBOBCPU 02 9 00 90325731 01 6.50 1 4576M

UHF MODULATORS 4M

201,-8611

450240%

0 M
1 IS

4093

4065

S131.01 LISP Cassette 14 65 Z8OADART DI 550
UM1111 5141Ht 6M

4507SE1102 FORTH Cassette 14 65 II3OADMA D2 6 95 DI 260 8M 0.K
4508SBGOI Philosophers Guest B65 21305010 DI 2.15

2401 4510S8007 Sphinx Advenure 865 ZBOBP10 0/ 900 UM1203 8hAllr
0/ 3.90

9,983660404%

58003 Monsters 865 2804510 04 900
OIL SOCKETS i TEXAS1

44551'2'513000 Snapper BUFFERS

58015 Planteoid 8 65
4 65 80013 FAMILY PINS T2 IN )11.1)2W1A/5

4455115410 35
50850 04 350 811991,

81399S13006 Arcade Action
SBOG5 Rocket Raid 8 65 8216

8012 110
100 000 8,8:0° s , 11 03 29.3 00 4518

.0 10 26 35 4516810597

4519SBG14 Arcadians
S5613 Meteors

488 466:5, 98272284 2.10 811S94
0 90 50

4520SBGIO Chess
05 23 25°7 880111968540

090 '' IS 37 60

1/ 38 65
ACORNSOFT BOOKS FOR THE BBC MICRO

° °''
81534 4.00 0.90 44552221

0 90
21 46 /0

SB001 Creative Graph cs 750 8255A 05 2,25 8999870

010 28 24 65 80

44552757SB002 Graphs and Charts
SBDO4 LISP

150 6500 FAMILY
LINEARS

40 30 06 99

05281.50 b502 03 3.25
SBD03 FORTH 7.50 1203 0.65

2IF SOCKETS
03 900 4532

6520 DI 2.W LF 398N 4.75
ITEXT0011

5 75 4541Please ring tor current delivery on Acornsoh
65024

0M3C4iN
024

1248 pip 8 20 0543Products before orderingDI 3.16 LM3CIAN65200
05 119 0.48 45534

4516 10Ons 225 8271

6522

BBC MICRO COMPONENTS

319 20 Way Header 1.46
36.00

6522
6522A
5532

05 550
02 5.50 LM3)9N

LM31 IP

1103145

050
0119

4000

0MOS 4000

40 on

:150 445581

74L$244 0.59 26 Way Header 1.76 FLOPPY DISC I.M348N 060 4001
016 4007

010
7415245 0.69 34 Way Header 2.06 CONTROLLERS NE 555P
7415163 0.45 4006

0 12
0.34 40 Way Header 2.32 8771 48 00 NE556CP 042 00

DS3691N 4.50 15 Way 0 Skt 2.15 FD1771 05 1500 71010 0.39 4007 011 01

05881.5120N 4.50 6 Way OIN Skt 0.90 F01791 06 22 00 110'1 032 4008 0 32 02
UP07002 4.50 Sway DIN Skt 0.90 1 i)179? 1)6 23 00 1 i 0 2 0.34 4009 621 03

Carriage Orders up to 1199 are sent by 1st :lass post.
rid 1 Sectincor

0 I 100 0 50 l 100 1199 1 25 1700 + 5 CO by Securicor
Prices ,11101141 I 4. carriage charges) are e.closive of VAT
and are subject to change wahott7 notice
Quantity Discounts are available on many products.
please rang for details
Official Orders ere welcome front Educaticn Establish
minds. Gower 101 Bodies and Public Companies
Credit Accounts are evadable to others sublet:I to slams
Payment is due sit Icily nell by the 15th of he month
Credit Cards are accepted (Access and Visa) for telephom

pedalnil ostler and.NO SURCHARGE rs made
Out of stock items will follow aulornalocal y. al our
r IP, I , n rn .1 rellind will he gip., it rem estert

MIDWICH COMPUTER COMPANY LIMITED
RI;:aiNGHALL HOUSE RiCKINGHALL SUFFOLK IP22  HU

TELEPHONE 103791 MSS 898751

741.5 SERIES
011
010
0 11

0 12

0 24 04

010 05
016 08
020 09
040 0

C36
020 1

032 a

036 4

0 36 5

0 36 70

0 40 I

040 22

0 13 26

0 32 27

0 13 28
0 /4 30

020 32
0 32 33

094 37

180 40
94 42
38 47

36 48
36 49

34 51

36 54
36 55
3! 73

41 74

74 75

33 76A
13 78A

23 83A
38 85

44 86
44 90
85 91

85 92
39 93

15 95B
04 09A
.4 174

4 130
13 14A

13 21
13 23
14 25A
13 25A
43 32

13 36
15 38
13 39
13 45
50 48
44 51

70 53
46 55
32 56
96 57

40 68
41 60A
40 6111

96 62A

96 6311

40 60
40 65A

27 66A
40 73A
90 74

52 75

52
52
41

73

50
50
57
35 96

35 97

75 221

240
241

242
243
244

245

81

so
91

92
93
94A
95A

NW OWN MEI
Please complete this coupon for a copy of our FREE
catalogue

ADDRESS

TEL NO

418M OOP

012 248

012 249
012 751

012 253

012 257A
012 258A
012 259

012 261

0 25 /66
012 173

012 279

012 283

012 290

0 12 293
012 365

012 366
017 367
012 368

012 373

0 12 374

012 375

021 377

0 35 378
045 379

012 386
012 390
012 393

0 12 OIL JUMPERS
0 18 Single Ended 24
0 16

1 4501B
O1! 1 65

140

0 36
18

1. 380

0 47 Double Ended

0160n 14 PIN 1 85 1 98 1 41
060 16 PIN 2 05 2 15 2 M
032 2.1 PIN 3 00 3 15 3 96

022 40 PIN 46S490618
040
027 25 WAY D TYPE

020 CONNECTORS

020 Male Male
022 36 Cable 11 00

021 Male Female
36" Cable 12 00

024 Male single ended
025 18" Cable 495
0 34 Female single erdec
0 25 18. Cable 3 95

025
027 IOC CONNECTORS

057 (with erectars1
0 70 111110 Angle PCB Mlgi

040 C P.N 086
040 14 PIN 122
030 16 PIN 134
035 10 PIN 146
025 25 PIN 176
030 34 PIN 206
D32 10 PIN 232
035 50PIN 235
0 35 60 PIN 3 20

° 35 UDC SOCKETS
0'19 Fitted with 36 care
50 10 PIN 140

0 60 14 PIN 182
0 55

16 PIN 210
0 40

20 PIN 248
0 38

26 PIN 324
0 90

34 PIN 350
0 35

40 PIN 190

°50353 50015
548

035
60 PIN 638

0 35 DATA BOOKS by
035 Texas Instruments
045 Linear Control
045 Circuits 4.00
048 Voltage Regulators4 50
0.55 MOS Memory 395
0 55 Inledace Circuits 700
055 TIL 5th Edition 4.50
055 Bipolar Micro 450
055 TTL Plit Guide 390
0 10 linear PEI Guide 250

0 55
0 55
030
0 35
030
0 35
0 55
1 00
0 20
054
030
040
039
039
0 27
0 27
021
027
062
062
0 35
060
0 60
090
0 35
0 45
045

Practical Electronics September 1983 51



PartP Two

arit
AST month, the operation of the basic analyser was

described in detail. This month we will describe the con-
struction of the basic unit, and some initial tests that can be
done. Interwiring has been kept to a minimum (in fact,
besides the power supply, there is no interwiring for the
basic unit) by the use of the front panel p.c.b., but due to the
complexity of the project, it is suggested that only
reasonably experienced constructors attempt to build the
unit. It is also strongly recommended that the construction
method described is followed closely. Failure to do so could
result in an analyser that is difficult to complete!

MAIN PCB
Refer to Fig. 2.3: Start construction of this p.c.b. with the

soldercon i.c. socket strips (or wire -wrap sockets, although
the former method is preferred). Cut the strips into 7, 8, 10
or 12 pin lengths as necessary. Place a strip at a time in the
board, starting from the middle of the board (IC27 for exam-
ple) working outwards. Solder, on the front side, only those
pins of a strip which have a track coming to its pad on the
front side of the board. When soldering the pin, be very
careful that no solder flows between the contacts. If this
should happen, the single pin can be replaced at a later
stage, once the rest of the strip has been soldered under the
board. (The top of the pins can be broken off and the
soldered pin removed and replaced.) Before soldering in the
pins for IC19 and IC18, solder in SK6. SK6 is cut to length
from a piece of double -sided, wire -wrap, p.c.b. edge connec-
tor. Allow the connector to stand proud of the p.c.b. and
solder the pins to the pads on the top of the board. As no
tracks to SK4 and SK5 are on the front side of the p.c.b.,
proper 16 -pin i.c. sockets can be used for these sockets.
Once all the strips are in place, turn the board over and
solder all the pins on the back of the board. Do not break off
the tops of the pins until later, when the i.c.'s are to be inser-
ted, to avoid the pins becoming misaligned.

Next solder in SK8 in a similar fashion to SK6, followed
by the resistors and then the capacitors. Be sure to get the.
polarity of the capacitors correct. Solder in Vero pins for the
screened wire that will go to SK7, as well as for the wire that
will go to S20 wiper. Put in the links A, B, C and +12V using
thin insulated wire. IC40 and IC41 can be soldered in. Now,
lying the board on a flat surface, component side up, use the
discarded leads of the resistors and capacitors cut in half, to
fill the remaining holes in the p.c.b.

Solder the leads on the top side, turn the board over and
solder the leads on the underside. Finally, trim the leads on
the front side, leaving neat through -hole connections. Solder
lengths of hook-up wire to the p.c.b. for later connection to
the PSU +5V, OV, +15V and -15V. Now very carefully
check that all socket pins, component leads, Vero pins,
through -hole connections and wires have been soldered on
the front side of the p.c.b. where necessary-i.e. where
tracks lead to pads on the front side. Carefully break off the
tops of the socket strips, and using an ohmmeter, check that

a

Coloured "Easy -
Hooks" are used for the
data probes

Sandwich con-
struction of the
Analyser

Plan view, show-
ing PSU location
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there is no short across the +5V and OV leads. Do a final in-
spection of both sides of the p.c.b., looking for track shorts
and solder splashes. When satisfied, plug in all the i.c.'s, en-
suring that the pins make positive connections with the
sockets. Plug in the RAM (IC16) last of all. Finally screw a
small heatsink to IC40 and IC41. If a single heatsink is used,
IC40 must be insulated from the heatsink.

FRONT PANEL PCB
This is the most difficult of the p.c.b.'s to construct, but if

the following steps are followed carefully, there should be no
trouble. First, drill the front panel to the dimensions given in
Fig. 2.4, and fit the red perspex display filter. Do not letter
the panel yet. Now cut 25mm lengths of stiff bare copper
wire and solder the pieces to each contact of the switches
which have a pad on the p.c.b. See Fig. 2.5 for an example of
S4. When this has been completed, put all the switches in
their positions (see Fig. 2.11) on the p.c.b., but do not solder
the wires-just bend them slightly at the back of the p.c.b.,
so that they cannot fall out. Plug X 1 and X 6 into a wire -
wrap socket each and position them on the p.c.b., also
without soldering. Now align the loose switches with the
holes in the front panel, fit the panel, and then tighten the
switches in position, making sure they are straight and all
fixed to the same depth. Gently ease the p.c.b. as close as
possible to the switches-on the prototype, this was vir-
tually as far as the original solder tags of S5, S14 and S19.
Make sure the p.c.b. is parallel (in both directions) to the
panel, and then solder all the switch leads on the rear of the
p.c.b. Adjust displays X1 and X6 so that they lie flush with
the perspex filter and solder the sockets on the rear of the
p.c.b. Loosen the switches and remove the front panel.
Solder the switch leads to the front of the p.c.b. where
necessary. Fit the soldercon strips and, as with the main
p.c.b., solder those pins where necessary on the front side of
the p.c.b., one strip at a time. When finished solder the pins
on the rear of the p.c.b. and fit and solder the resistors and
capacitors. The other display sockets can be soldered to the
board, ensuring that they are level with the two previously
soldered in place. SK3 can be a proper 14 pin i.c. socket, as
no tracks have to be soldered on the front of the p.c.b. to this
socket.

575

1
25 5

f

Fig. 2.4. Front panel drilling details

67
95

134 5

167.5

228 5
251.5

385.5

Fit and solder TR1 and then in the same manner as for the
main p.c.b., make the through -hole connections, leaving the
holes for D1-3 and SK1 and SK2 open. Cut a length of
p.c.b. edge connector, 2 slots bigger than required, for SK2.
Remove the two extra contacts from one side of the connec-
tor. Solder the connector to the rear side of the p.c.b., with
the open slots on the right of the p.c.b., looking from the
rear. Fill the second slot from the end with some stiff plastic
to act as a key for the main p.c.b.

Fig. 2.5. Example of wiring
to switch S4

In the prototype, SK1 was not mounted on the p.c.b. For
this socket, a piece of single -sided edge connector (18
fingers long) was used, and was wired using 25mm lengths
of wire -wrap wire to the p.c.b. Note that only 17 fingers are
actually used. The connector was mounted using mounting
ears bought with the connector and stand-off pillars, as
shown in Fig. 2.6. At this stage however, only wire the con-
nector to the p.c.b.-the connector need only be screwed to
the front panel when finally completing the unit. Mount
D1-3 on the panel and refit the p.c.b. It need only be
held by two or three switch nuts. The I.e.d. leads will most
likely be too short, so push some discarded resistor leads
through the p.c.b., solder them to the I.e.d. leads (this can be
done with the p.c.b. mounted behind the panel) and then
solder the extended leads to the p.c.b. This completes the
front panel p.c.b. Leave the assembly as is for the
preliminary tests.

POWER SUPPLY
Cut the key hole in the main p.c.b. and mate the p.c.b.

with the front panel p.c.b. Place the assembly in the case
and mark holes for mounting the main p.c.b. on stand-off
pillars. In the prototype, small pieces of aluminium were
bent and used. However, final mounting is left to the con-
structor, as it will be largely dependent on the case used.
This applies to the layout of the power supply as well. The

NOTES:

OVERALL PANEL DIMENSIONS DEPEND ON
CASE SIZE.
TRIG SELECT, CK, C01 -0O3 SWITCHES ARE
ALL 17 Omm 10.7"1 APART
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photos show clearly how the prototype was arranged. Two
separate transformers were used and were screwed to the
case. The heatsink for IC42 was mounted on one side to the
transformer and on the other to a small aluminium bracket.
The capacitor C33 is mounted to the case and C31 and C32
are soldered directly to the regulator. B R1 was mounted on
the side of the transformer, as can be seen. BR2, C34 and
C35 were soldered to a piece of Vero board and mounted
with a bracket to T2's mounting pillar. For test purposes,
connect the mains via FS 1 on the rear panel, direct to the
transformer(s). Connect the +15V, -15V and OV leads from
the main p.c.b. to the power supply (use long leads for the
meantime to aid testing) but do not connect the +5V lead
just yet.

PROBE
A photograph of the prototype probe shows the basic con-

struction. A piece of Eurocard size Vero board with gold-
plated edge connector fingers was cut to size. As no keying
is used, cut the board slightly larger than the width of SK1's
opening. Then file the board to just fit the socket. This will
ensure repeatable alignment when inserting the probe. 14 -
way ribbon cable was soldered to the Vero board and on the
other side, coloured Easy -hooks were used. The wiring for
the probe is shown in Fig. 2.7.

Fig. 2.6. Details of WI mounting

WIRE -WRAP WIRE

PC .B

EDGE CONNECTOR

STAND-OFF PILLAR

Fig. 2.7. Probe wiring details

MOUNTING LUG

-- FRONT PANEL

DATAL
INPUT

1 7 05 13 CO1

2 DO 8 D6 14 CO2

3 DI 9 07 15 CO3

4 02 10 OV 16 EXT TRIG
5 D3 11 +5V 17 +125
6 D4 12 CLOCK 18 -12V
NOTE: +55, +12V & -125 ARE NOT TAKEN TO THE PROBES

Fig. 2.8. Ribbon cable connections for options
PIN 1

I

11

CFAI.411

RIBBON CABLE

PIN 1

PRELIMINARY TESTS
Switch on the power supply and check that IC42 has +5V

on its output and that the outputs of IC40 and IC41 are at
-12V and +12V respectively. If an oscilloscope is available,
check that there is no oscillation on any of the power rails. If
all is correct, switch off the power supply and solder the +5V
lead to IC42. Coinect the main p.c.b. to the front panel
assembly, plug in the probe and switch on. The Address dis-
plays should have a random number between 0 and 1023
displayed. If the ARM and/or the TRIG I.e.d. is on, use S16 to
reset the unit. The I.e.d.s should extinguish. Using S17 it
should be possible to get the Address to increment or decre-
ment. The Data display will remain blank. Select MANUAL
trigger on S19 and PRE trigger on S5. Using S16 ARM the
analyser and the ARM I.e.d. should light. Now press S15, the
Address should show 1023 and TRIG I.e.d. should light.
Pressing RESET (S16) should cause the I.e.d.s to extinguish.
Repeat the procedure with CENTRE and POST selected. For
CENTRE, 511 should be displayed and for POST 0 will be
displayed and in this case, the TRIG and ARM I.e.d.s should
extinguish. Monitor pin 2 of IC15 with an oscilloscope, while
scanning up and down the memory with S17. Random highs
and lows should be seen. Now connect a t.t.l. compatible
clock to the clock input. If possible use a frequency of
100Hz. Select SYNCH CLOCK, PRE trigger, WORD trigger,
WORD select switch S6 (DO) to '0' and the other data
switches as well as the clock qualifier switches to "don't
care". ARM the analyser, then switch DO to "don't care".
When this is done, the TRIG I.e.d. should light, the display
should change to 1023 and then approximately 10 secs
later (if a 100Hz clock has been used) the I.e.d.s should
extinguish. If pir 2 of IC15 is now monitored, the output
should always be high, regardless of the Address position.
Repeat the above, but connect the DO probe to OV and start
with the DO switch switched to "1".

When the analyser has completed the store process,
check pin 2 of IC15 once again and this time the output
should be low for any Address position. If all has gone well,
then it can be assumed that the basic unit is virtually
operational. If not, use the circuit description to follow
through the circuit, checking levels at each gate output in
turn, until the fault is found.
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Initial calculations proved that a p.c.b. edge connector
would conduct adequate current to supply the front panel
p.c.b. However, the subsequent requirement of two 2716
EPROMS increased current consumption. To avoid a voltage
drop due to track resistance a wire is connected between the
+5V regulator and the front panel p.c.b. (close to the
EPROMs). The OV line could be similarly duplicated.

COMPLETING THE BASIC UNIT
If the basic unit works as described, one can confidently

complete the construction. Should problems arise, it is a
simple matter to disassemble the unit because of the
modularity of the design. Construction is completed as
follows:

Remove the main p.c.b. from the front panel p.c.b., then

remove the p.c.b. from the panel. Mark the panel with
Letraset, or if possible use the new photographic method us-
ing special sensitised sheets of aluminium. This method,
although a little expensive, makes for a very neat finish.
Mount the ON/OFF switch and S20 as well as SK101,
SK102, SK103 and SK7. Refit the front panel p.c.b., using
all the switch nuts. Fit the main p.c.b. to the case, as well as
the front panel assembly. For the time being, leave the
power supply leads longer than necessary and do not con-
nect the ON/OFF switch up yet. Finally a 60mm length of
ribbon cable can be prepared for one of the display options.
Use 16 -core ribbon cable and 16 -pin headers. The headers
should be fitted as shown in Fig. 2.8. (If both options are to
be installed, make up two.)
NEXT MONTH: The Display Options.

FREE! READERS' ADVERTISEMENT SERVICE
PE

AKAI 4000DS Tape Deck f60 o.n.o. Mattel In-
tellivision video games console with six car-
tridges £125 o.n.o. R. M. Potts. 1 St. Annes
Crescent, Clenchwarton, King's Lynn, Norfolk.
Tel: Kings Lynn 3171.
KORG MS10 Synthesiser as new, with guaran-
tee £200, 16K ZX81 keyboard, I/O port, inverse
video £100. J. Wilson, 36 Sunningdale Avenue,
Lowestoft, Suffolk, Tel: (05021 64729.
WANTED any polyphonic synthesiser, 3-6 oc-
taves. Any offers? Mr. A. Goffart, Spindles,
Lewannick, Launceston, Cornwall PL15 7QD.
Tel: Coads Green 317.
TECHNICAL info. required for Olivetti TC800
floppy disk unit. Will pay for info. Mr. M. P.
Morrow, 19 Rockhampton St., Gorton,
Manchester 18. Tel: 061 231 3523.
CROMEMCO Bytesaver II S.100 board 8-
Kbyte EPROM memory and programmer fully
populated including 8 x 2708s £30. Tel: 0734
475180. Valentine Kassessinoff, 372 Peppard
Road, Caversham, Reading, Berks RG4 8UZ.
EXIDY Sorcerer Computer. P.W.O. 56K, 2 x
315K disk drives, MX8Oft printer, monitor, lots
programs. £7750 new -sell £2500 o.n.o. Mr.
Hausser, 27 Fore Street, Bugle, nr St. Austell,
Cornwall PL26 SPA. Tel: 0726 850129.
VINTAGE Wireless sets and spares urgently
wanted. Must be pre-war equipment. Mr. S.
Busbridge, 29 Clarence Drive, East Preston, Lit-
tlehampton, Sussex. Tel: Rustington (090-62)
5615.
WANTED, Sinclair t.v. 2 inch or 1 inch screen,
must be in good condition. Phone Southampton
787960. John Marks, 92 Shirley.Towers, Church
Street, Shirley, Southampton.

RULES N/1,00111(111) 01 16 words plus adiiiiiss and or phone no.
Private advertisers only (trade or business ads. can be placed in our
classified columns). Items related to electronics only. No computer
software. PE cannot accept responsibility for the accuracy of ads. or
for any transaction arising between readers as a result of a free ad.
We reserve the right to refuse advertisements. Each ad. must be
accompanied by a cut-out valid "date corner". Ads. will not appear
(or be returned) if these rules are broken.

BBC numeric keypad send s.a.e. for details. P.T.
Squire, 16 Priory Park. Bradford on Avon, Wilts
BA15 1QU.
Z)(81 + 16K with sounder + ZON IX prog. Sound
generator + manual/books/tapes all nearly new
£89. Peter Cunningham, 11 Berwyn Ave, Peny-
ffordd, nr Chester, Clwyd. Tel: Caergwrle
760172.
AVO valve Ito collect) tester plus sundry elec-
tronic p.c.b.'s £10. P. Reynolds, 32 Common Ap-
proach, Benfleet, Essex SS7 3LA.
UK101 32 x 48 16K RAM 12K BASIC mother-
board EPROMS + programmer, Sound 1/2MHz
3/600B + much software £170 o.n.o. N. Brooks,
103 Drake Rd., Harrow, Middx. HA2 9DZ. Tel:
01-868 9524.
PRINTER golfball type, 10 inch paper, serial I/O
RS232 £75. Also PET interface to Centronic and
disk. Both in good working order. R. Pearce, 8
Hollyoak Road, Coxford, Southampton. Tel:
107031788278.
ACORN Atom full RAM. 3 introduction tapes,
leads p.s.u. manual and circuit Acorn built £120
o.n.o. J. Brooks, 26 Duncan Way, Loughborough,
Leics. LE11 OQN.
SONY open -reel VTR -offers. Maplin 2800
Synth, incomplete £100. Transcendent 2000
with carrying case £200. N. Dodsworth, 7
Neville House, George St., Corby, Northants.
Tel: 0536 200105.
WANTED for UK101, new BASIC ROMS 1, 3
& 4. Frost, 133 Dorset Ave. South Wigston,
Leicester. Tel: 0533 782852.
PE Micro Controller + data £35 carriage paid. D.
Slater, 25 New Market St., Colne, Lancashire
BBB 9BU.

WANTED video/audio u.h.f. modulator.
U M1286 any reasonable price paid. Send details
to: Mr. P. Rattray, 2 Dupplin Terrace, Kinnoull,
Perth PH2 7DG.
MICROTAN 65 + manual, factory built. Never
used. £30 o.n.o. Write to: Mr. D. Pritchard, 17
Effingham Rd, Billesley, Birmingham B13 OBN.
NASCOM 1 32K RAM 4800 Baud Cassette,
with case, sep. ICL power supply 7 amp, what of-
fers? Mr. P. Norman, 1 Blacksmiths CI, Abbot-
sley, Cambridgeshire. Tel: Gt Gransden 479.
OHIO superboard £50 (faulty), various S100
boards cheap, scrap record decks £2 (direct
drivel wanted minifloppy. Hugh Bridge, 363 Ken-
nington Lane, Vauxhall, London SE11 5QY.
RELAYS 6 -pole changeover 12V. coil (R.S.
Stock No. 349-153) 40 off for sale new unused
£1.25 each. Mr. D. Harries, 17 Eccleshall Ave,
Oxley, Wolverhampton, Staffs. Tel: 0902
780958.
ATARI games console. Five cartridges including
space invaders. Basic programming with
keyboards, Joysticks and paddles £100. Mr. L.
Allen, 14 Frampton CI, Bournville, Birmingham
B30 1QT.
THANDAR PFM200 Freq. meter, as new £55,
PDM35 Microamps defective £15. Charles Bow-
den, 7 Parc Eglos, Helston, Cornwall TR13 8UP.
WANTED 20W amp. 2, 20W speakers. Hasan
Aodulla, 58 Donnington Gdns, Reading, Berks
RG1 SLZ.

TEAC 51 inch twin disc drives 40 trk. single -
sided cased + power supply, hardly used, £350.
Also ROMDOS. C. Hellen, Vine Cott., Main Rd,
Alresford, Colchester, Essex. Tel: 020622 5671.

Please publish the following small ad. FREE in the next available
issue. I am not a dealer in electronics or associated equipment. I

have read the rules. I enclose a cut-out valid date corner.

Signature Date
Please read the RULES then write your advertisement here -
one word to each box. Add your name, address and/or phone no.
COUPON VALID FOR POSTING BEFORE 2 SEPTEMBER
1983. (One month later for overseas readers.)
SEND TO: PE BAZAAR, PRACTICAL ELECTRONICS, WESTOVER
HOUSE, WEST QUAY ROAD, POOLE, DORSET BH 15 1JG.
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ct?

Name IL Address.

FOr readers who don t want to damage the issue send a photostat or a copy of the coupon (fil!ed in of course) with a cut-out valid "date corned
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THE SUN
It is rather difficult these days to select a

theme for discussion from the multifarious
new ideas around our own local star. At the
present time there are arising a number of con-
tradictory theories. To be fair, perhaps it
might be kinder to say 'suggested ideas'. There
is a point here about dispensing information.
There abound suggestions of trouble inter-
nally, trouble externally and trouble at a dis-
tance.

A closer look at some of these is quite
revealing. Over the last three or four years
some doubts have arisen about current
theories; some of these are the result of
speculation. To bring the ideas together does
present some difficulty but it is well
worthwhile and an important consideration
for the future of space activities. For obvious
reasons in a review of this kind no persons are
directly named or associated with any par-
ticular idea.

A steady watch has been kept on the rota-
tion of the Sun for some time and these details
are well documented. Conjectures as to
whether it is a stable body, so far as position is
concerned, are another matter. From Ger-
many came information that the position of
the centre of mass of the Sun undergoes con-
tinual change. It was shown that the centre of
mass of the solar system changed its position
relative to the Sun's centre for instance; obser-
vations made confirmed this shift.

The variations between 1945 and 1981
amounted to a spiral path which began half
the Sun's diameter from outside the Sun to the
centre of the Sun. This spiral continued until in
1982 it had passed still in spiral movement to
a whole Sun's diameter outside the Sun. Ex-
trapolation to 1990 shows it will again be at
the centre of the Sun and thence --again on its
way outside the Sun. Now the rate of this
change is varying all the time, increasing as it
moves nearer to the centre of the Sun and
decreasing as it moves away from the centre.
The speed is not constant but variable. This
has been shown in some detail because it links
with Sunspot cycles of various periods.

There is also current interest in matters
dealing with unequal homogeneity of the Sun.
This also adds to the confusion because here
also there are different suggestions, such as
sequential cycles of change of cyclic move-
ments. Also there are doubts about some of
the conclusions that have been drawn. Quite a

measure of new thinking is coming together at
present ---perhaps this is a sign. Perhaps the
days when the populace took for granted what
`great men' said are over. Age offers the

\ benefit of experience but that which is new or
'innovative belongs to all ages.

SPACE FACTORIES
From the very beginning of the space era it

has always been the plan to manufacture
goods in space if possible. It has a simple
answer to get away from Gravity. It is a little
difficult to understand why it should be the
cause of complaints. Now it is to be expected
that better processes will be forthcoming from
Earth based plants. It sounds very much like
sour grapes cn somebody's part. But then of
course a band wagon is a band wagon.
Perhaps it will be possible that people will get
medication that is so badly needed. If the pilot
attempts at electrophoresis were successful
then the answer is 'go on'. If a better process is
discovered let the people have the benefit.

PIONEER 10
As this issue of Space watch is being written

there are still a few hours to the time when
Pioneer 10 will be the first man-made object to
pass out of the Solar System. The spacecraft
has far exceeded its design parameters. NASA
hope to go on with tracking procedures until
the 1990s. It survived the Jupiter hazards with
striking success and taught us much. It takes
some 4.5 hours for signals from the spacecraft
to reach the Earth and now difficulties are
arising. Navigation is a problem that is being
dealt with at the present time.

At the great distance that exists between the
spacecraft and the Sun preparations are now
being made for an alternative system. NASA
has been instructing the vehicle to make cer-
tain Moon Maps for itself. The Sun would by
now only be a pin point. This then is the
nature of this distant piece of equipment of
man's devising which can now be taught from
afar how to care for itself and its mater. It is
rather a slow process though, for it takes a
working day of some 9 hours for each session.

A PIECE OF JUPITER
A small part of Oxfordshire has almost

become a part of the planet Jupiter. At a cost
of some £200,000 there will be an attempt to
simulate the conditions that would be encoun-
tered by a visitor to that planet. This is the
sample cell. It consists of a metal tube, double
walled, some ten metres long. The imitation
planet is like a gigantic thermos flask. It is ex-
pected to commence operations in October.
At that time it will be fed with samples of
gases to simulate atmospheric conditions vir-
tually any where in the Solar System. When
liquid nitrogen is passed through it, the double
walled tube cools down the gases to as low as
170°C. The pressure in the tube can be varied
between one millionth of an atmosphere to five
times the Earth's atmospheric pressure at sea
level. There is a spectrometer which records
the spectral signatures of the gases within the
tube.

A library of spectra would to available for
researchers and they would save much time by

simply comparing spectrometer readings from
a spacecraft with known readings gained on
Earth. This will enable the NASA team to en-
sure that they gain full benefit from the results
of the Galileo probe due to be launched in
1988. The Rutherford and Appleton Research
Establishment will once again make contribu-
tions to the space age.

UNREST ABOUT SATELLITE
SPACE

Considerable concern is being expressed by
many nations because of the amount of now
useless hardware circulating in space. Com-
plaints about this from those ready to take
part :n the Space Age have become very
noticeable. A meeting is now being arranged
for some thirty nations. The Third World is
particularly annoyed with the present state of
affairs. They are putting their case very
strongly and saying that the developed coun-
tries already have more than their fair share.

Space above 30,000km contains the
valuable geostationary orbits that are vital for
communications such as television and
telephone. Everybody naturally wants a part
of it. The real trouble now is congestion --the
frequency band allocated for this purpose is
the AGHz band; this means restraints. Not
least of these is the fact that vast areas need to
be covered in many cases and this would
mean overlapping, and since some would call
for areas as large as Western Europe the
problem is very forbidding. It would mean that
those countries wishing to cover large areas
wou d dominate distribution.

Since this space has in many cases already
beer allocated the bands are full. The outcome
is a very difficult problem under the cir-
cumstances since in the hands of some ele-
ments World chaos could be caused. Since the
frequency bands allocated to television are in
the 12-2-12.7GHz band and since also some
32 bands are allocated it means a separation
of 20° for each band. The threat of 'overspill'
is the real danger since each channel may need
20C watts. The Tower of Babel?

VENERA
The Soviet Space Agency has launched two

Verera space -craft for the exploration of
Verus and other tasks. Accurate information
is a little confusing with regard to these mis-
sions. It is certain that they are much more
limited than the projects by NASA. Ac-
cording to American sources these two space-
craft were launched on the 5th of June 1983
and the second on June 16th 1983. They are
expected to begin their mission of imaging the
surface of the planet or taking detailed radar
altimeter data around October, probably in
the early part of the month. The United States
vehicle cannot be launched until 1986.

Frank W. Hyde
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Ingenuity
Unlimited

A selection of readers' original circuit ideas.
Why not submit your idea? Any idea published will

be paid for at £40 per magazine page.
Each idea submitted must be accompanied by a

declaration to the effect that it has been tried and
tested, is the original work of the undersigned, and
that it has not been offered or accepted for publica-
tion elsewhere. It should be emphasised that these
designs have not been proven by us. They will at any
rate stimulate further thought.

Articles submitted for publication should conform
to the usual practices of this journal, e.g. with regard
to abbreviations and circuit symbols. Diagrams
should be on separate sheets, not in the text.

PROPORTIONAL A.C. CONTROL WITHOUT RFI

THE
Versatile IC 555 timer is used here

as a simple zero -crossing -detector of
an a.c. mains supply, for proportional con-
trol of a.c. power. IC I is connected as a
monostable multivibrator as shown in Fig.
4, and is triggered at the crossing of every
half cycle of the a.c. waveform. Two types
of triggering control circuits are given in
Figs. I & 2.

In Fig. I, R 1 and D I form a potential
divider across the a.c. mains supply and
produce an approximate square wave out-
put, which is in perfect phase relation with
the input a.c. This is 180° phase shifted by
the transistor stage TR I and is added up
by diodes D2 and D3 to generate negative

1504
2W

240V wJvanr OTO PIN 2
AC

(so 12 yr 1 Fig. 2

IEGIM

Fig. 4

Fig. 1

LOAD
500W MAx

Fig. 3

2405

pulses at each zero -crossing. This is fed to
the trigger point IC 1, pin 2 (Fig. 4). Alter-
natively the non -ideal square wave output
from the potential divider itself can be used
to trigger IC I, as shown in Fig. 2. This is
possible because it is found that when the
input at the trigger point (pin 2) either ex-
ceeds 1/3 Vcc or falls below -0.6V, the
output at pin 3 goes high. Using this
property IC 1 is set and re -set every time
these parameters occur and pulses are
generated at the output pin 3, in propor-
tion. However, the output pulses can be

widened by properly choosing the
monostable time period. In both cases, the
monostable time period is set by R I and
C 1 to about Ims to ensure firing of the
triac.

Switching IC I, pin 4 (reset point) either
to Vcc or ground, the triac makes simple
On -Off control of power without RFI
generation. For continuous control of
power IC2, which is connected as a

variable duty -ratio astable multivibrator,
can drive pin 4 of ICI. The On -Off ratio is
variable from about 1% to 99%. When the
output of IC2 goes high, the triac is fired at
every zero -crossing of a.c. supply as

shown in Fig. 3. The output a.c. power is
variable in discrete steps of half cycles,
over the full range.

D. Venkatasubbiah,
New Delhi.
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GENERAL

PURPOSE

TIMER

RI - COLOUR
LED

PS586- 728)

Fig. 1

THE circuit shown in Fig. 1 is a general
purpose timer, which has a variety of

uses. It is adjustable up to about three
minutes and at the end of the timed
sequence gives a visible.output in the form
of a colour change of the two-colour I.e.d.

The circuit operation is as follows:
When the push button is depressed CI

is momentarily short-circuited, which
leaves IC I (pin 2) at 9 volts. This voltage
slowly reduces towards zero, as the
capacitor is charged up. The charging rate
is dependent upon the value set by the
variable resistor (VR 1). When the voltage
is reduced to less than the voltage at ICI
(pin 3) (half supply voltage), the output of
IC I switches from zero to 9 volts, which in
turn causes a change in the output states of
1C2 and IC3. This reverses the direction of
the current between these two outputs and
so changes the colour displayed by the
I.e.d.

This prototype was based on a 9 volt
supply though the time constant should
remain the same irrespective of the supply
voltage.

A. Marshall,
Old Basford,
Nottingham.

OVER VOLTAGE
PROTECTION

THE above circuit was developed for an
existing variable 3-20V 0-20A

stabilised power supply, based on a 741
design. It should work with any similar
power supply with little or no modification.

Obviously with a power supply of such
a large current rating, an over voltage cir-
cuit was considered essential.

The protection circuit is designed to
operate at about IV above the output

EXISTING PS .0
MAIN SUPPLY

-

voltage of the p.s.u. i.e. if the p.s.u. was set
to 10V then it would trip at about 11 V and
so on.

IC I is used as a comparator and com-
pares, via R3 and R4, the reference voltage
for 1C2 with its feedback voltage from the
output. Normally, when the regulator
stage is working correctly these two
voltages are the same, regardless of what
the p.s.0 is set at. If however a fault
occurs causing the output to go above the
set voltage. IC I senses the change between
the reference and feedback voltages and
turns TR I on. This energises the relay
which self latches via the normally open

RL Al

0

L

OVERVOLTAGE PROTECTION UNIT

RLA1

22k

4°43--.----"---4-2kr. _,
oR05, A

contacts and disconnects the mains supply
from the regulator circuit.

Preset R5 determines the point at which
the circuit operates above the output
voltage of the p.s.u., and should be ad-
justed to between i V and I V across R4.

If the output voltage of the p.s.u. is

tuned down quickly with a fairly large
capacitive load, the circuit will trip. This
however can be reset by S I 'push to break'
which unlatches the relay, the contacts of
which must be capable of carrying 20A.

N. Wilson,
King's Lynn,

Norfolk.

EXISTING PS U
REGJLATOR CIRCUIT (SIMPLIFIEJ1
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PSEUDO
TELEPHONE

RINGER

S1a
F51 Ti 60

IA

Sib

(TELEPHONE
BELLI

ViD1

RLAI

THIS circuit was used in our school
play in order to simulate a telephone

ringing sound using a standard telephone
(WD 1).

ICI provides a square wave with a fre-
quency pulse of around 0.6 sec which is

+5V

TR1

BFY50

OV

fed to the decade counter (IC2). Two
pulses are selected by the gates of IC3,
which through IC4 switch the relay and
sound the bell.

J.K. Yeoman,
Haywards Heath.

AUTOMATIC
NI -CAD
CHARGER

THE circuit shown permits mass -plate
ni-cad cells to be left unattended while

charging at their maximum rate (one tenth
capacity), automatically giving an indica-
tion and switching off the current when
charging is complete, thus preventing
damage to the cells. Battery voltages from
1.2V to 12V with charging rates of 6mA
to IA can be accommodated simply by
selecting the appropriate component
values.

The charging current is generated by
IC2 which is a 5V regulator connected as
a constant current source. the output of
which is set by R8. IC 1 is an 8211 voltage
detector chip. At switch -on C2 holds pin 3

Stu

T1 itJ

50

0

of IC 1 low, producing a OV condition on
pin 4 which operates TR1 and hence D6
and RLA. RLAI connects the constant
current -output to the battery to be
charged.

As the battery charges the voltage at 'A'
increases until eventually pin 3 of IC 1
reaches 1.15V, at this point pin 4 goes
from OV to open circuit, TR1 switches off
and TR2 operates causing RLA to release,
D6 to extinguish and D8 to light. This dis-
connects the charging current to the bat-
tery and holds pin 3 of IC I high, hence to
reset it is necessary to switch the power off
and then on again.

To initially set the circuit up calculate
the required value of R8 and assemble the
components, omitting VR I and RI with a
strap between points A and B. Connect up
the battery to be used in conjunction with
the charger and switch on. When satisfied
that it is fully charged measure the voltage
at A. from this determine the values of

VR1 and RI to be used and connect them
in circuit. VR I is selected to provide a
degree of fine adjustment because as the
cells approach their fully charged state the
increase in voltage is small.

With the battery connected and charged
adjust VR I until D6 just extinguishes.
When satisfied that it is properly set up the
strap between A and B can be removed
and the circuit function rechecked.

TR2
RE41

78
Eic479

8

07

0447

*SEE Tc_XT

(Id - Capacity of battery to be charged
10

R8-
(10)-(5 x 10-')

5

RI + R2=((voltage at A) x (10.43 x
l04)) -(12 x 104).
See text for (voltage at A).

I/P
1C2

aP
7805

C4

ty
COM.

G. Francis,
Filton,
Bristol.
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BATTERY
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SOUND
CHASER

TI

tEP10291

0O

O0

Cl

II
100n

TR1
BF 244

R1 VR1
10M 10k

CC
14

NUMEROUS circuits for disco light
displays have been published but

there still remains a gap in the market. On
one hand there are sound to light displays,
but these generally give an ambiguous
flickering light display. Alternatively there
are chasers which, while not flickering, are
not related to the music and so do not
stimulate dancing.

This circuit is for a sequencer where the
light change frequency is determined by
the tempo and volume of the music which
is more interesting than the more usual
types of display.

04
10

ICt

LM380

If 16 17

C3
104

TR2
er244

02
AI N4148

CS
6 F,

220u

c=

01

- 164146

R5
100k

IC2
NE555

US 115

TR I and ICI are used to amplify the in- +9V

put signal to the correct level which is then
rectified by D2 to give an envelope of what
appears across C6. The voltage of the gate
determines the source -drain impedance of
the f.e.t., TR2, which is one of the fre-
quency determining components of 1C2.
The oscillator output is fed to IC3. The
four outputs of this are each fed to a driver
circuit (Fig. 2) which drives the bulbs.

A. Garraway,
Ashford, Fig. 2

Kent.

IC3
4J17

1/1.
FROM
IC3

04

TR3

BC107

THIS circuit combines reasonable sim-
plicity with good control of the lamp

from zero to maximum brightness.
CSR I is a low current triac (RS

262-028) which acts as a zero crossing
detector, R2 being too great to allow it to
turn on permanently. The pulses so ob-
tained are used to discharge C2 via TR 1
every half cycle. C2 is charged by R3 and
VR2. When the voltage across C2 exceeds
about 8V, the Zener conducts switching on
the main triac CSR2 via TR2.

Lamp intensity is controlled by VR2.
When this is set to zero the lamp will be at
maximum brightness. With VR2 set to
maximum resistance, VR I can be adjusted
so that the lamp goes out.

When installing the unit into your pro-
jector remember that CSR2 must have an
adequate heat sink. R I and R4 should be
0.5W resistors.

J. 0. Linton,
Harrogate.
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INTRUDER

ALARM WITH

CAMERA UNIT

Adesirable feature for intruder alarms is
to identify the intruder when the loca-

tion is unoccupied.
This is easily achieved by incorporating

a camera unit with an auto -wind facility,
the shutter release being triggered at the
moment of intrusion.

The circuit is light to dark activated. By
enclosing the photo cell in a 20mm dia by
50mm long tube, high directional sen-

VRI
22k

RI

9k1

CO

470n
1SZ..'1/4 R8 R2

220k

IEF11521

0A90

R3 R4
4k, 220k

220u
TRTR3

BC109

R6

220k

sitivity can be achieved, coupled with high
immunity to false alarms.

TR I and TR3 form a monostable net-
work, while TR2 acts as a relay driver,
drawing virtually no current in the
quiescent state.

The relay (RLA) is used to switch on a

R5
4k7

RLAI

TR2
BFVSI

MIN C2
497

R7

200

[1:1 RL A2
WDI

C3

#12V

C4

SOLENOID

I2200u

Ov

siren (WD I) as well as energise a solenoid
activated striker attached to the shutter
release.

SHOP BELL
DELAY

MANY small shops have a switch and
bell system connected to their door.

The owner has provided this so that he is
informed of the arrival of a customer in the
shop when he is elsewhere. However, dur-
ing busy periods, the noise of the bell
repeatedly sounding can be unpleasant.

This simple circuit reduces the number
of times the bell will ring by preventing a
second sounding shortly after the first. It
will operate directly from a I2V or 8V bell
transformer supply, since diode D I per-
forms rectification. Alternatively, it may

be run from a battery-in which case it
will give very long battery life as it draws
only fin A, even when the bell is ringing.

Operation is as follows-when the bell

Isems1

R2

BELL

CSR1

A400

S. N. Rumala,
Minna,

Nigeria.

has not been rung for a time, Cl is fully
charged through R2, and once charged no
more current is taken from the supply.
When the door operated switch SI is
closed, C2 is charged through the gate of
the SCR. This current turns on the SCR,
which in turn connects the bell across C I
which discharges through the bell giving a
ring of about one second. D2 protects the
SCR by damping spikes produced by the
bell. Since the time constant C I/R2 is
many seconds, the bell cannot immediately
be rung again.

The type of SCR used is not critical and
the CSR IA400 or a similar TO5 device
will work well.

D. J. Greaves,
Cambridge.
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Kokusai Shobo Ltd
5 Ogawamachi 3-chome
Kanda
Chiyoda-ku
Tokyo 101

Koyo Shoji Co. Ltd
Nitto Bldg
4-10 Nihonbashi dongoku-Cho
Chuo-Ku
Tokyo 103

Maruzen Co. Ltd
P.O. Box 5050
Tokyo International
100-31

Oriental Book Service Co. Ltd
C/o Roppongi Building
11-4 Roppongi 4-chome
Minato-Ku
Tokyo 106

0.T.0. Research Corporation
Takeuchi Bldg.
1-34-12 Takatanobaba
Shinjuku-Ku
Tokyo 160

Pacific Book Inc
Morikawa Building
7-41 Idabashi 1-Chome
Chiyoda-Ku
Tokyo 102

Sanyo Shuppan Boeki Co. Inc
Chief Foreign Dept
P.O. Box 5037
Tokyo International 100-31

Shimada & Co. Inc
9-29 Minami-Aoyama 5-Chome
Minatu-Ku
Tokyo 107

Tokyo Publications Service Ltd
P.O. Box 5085
Tokyo International
Tokyo 100-31

U.S. Asiatic Co. Ltd
Tsutsumi Building
13-12 1-Chome Shimbashi
Minato-Ku
Tokyo

MALAYSIA
S S T Trading Sdn Bhd
385 Jln 5/59 P.O. Box 227
Petaling Jaya
Selangor

NEW ZEALAND
Gordon & Gotch INZI Ltd
P.O. Box 3207
Auckland

R. Hill & Son Ltd
Ideal House
Eden Street
Newmarket. Auckland 1

Peryer Educational Books IS.1.1
Ltd
8 Yaldhurst Road. Upper
Riccarton
Christchurch 4
P.O. Box 6034

Technical Books Ltd
P.O. Box 5174
1st Floor, McKenzies Bldg.
(Opp. Kirkcaldies)
222 Lambton Quay
Wellington

SOUTH AFRICA
American & Overseas
Publications (Pty) Ltd
Box 42476 Fordsburg
Johannesburg Tvl 2033

Argo Publications
Post Box 1475
Johannesburg 2000

Messrs. M & L Ettin
International Journals
P.O. Box 66321 Broadway
Johannesburg 2020

Mr. Harold C. Leon
P.O. Box 61141
Marshalltown 2 107
Transvaal

Technical Books (Pty) Ltd
P.O. Box 2866
Capetown 8000

Trelaw Subscription Agency
P.O. Box 8255
Johannesburg

Universitas Books (Ptyl Ltd
P.O.Box 775
Pretoria 0001
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Computer Hobbyists...
for your program!

Eis interested in buying software written by hobbyists for popular
microcomputers. If you have a game, biorhythm, mortgage, bank, filing,

calendar or other general purpose program you have written yourself we
would like to see it-even if you are new to software writing.

We will offer £50 for each accepted program, so send it in, you have nothing
to lose.

Program tapes carrying your name and address and, if possible, a listing
should be sent to Practical Electronics Software, IPC Magazines Ltd.,
Westover House, West Quay Road, Poole, Dorset. Each program should be
accompanied by the following signed declaration:

The enclosed program entitled is my own work and has not been offered to any other
company. The program is for a machine (state type of computer it will run on). It
requires ....K of memory.

If you are under 16 years please get your parent or guardian to countersign the declaration.
All tapes will be returned.

SUMMER SALE!
DIGITAL MULTIMETER KITS

ONLY

£9.95ea
PLUS P&P

& VAT

These 3 digit handheld DMM's are fully complete with all componerts (except
PP3 battery) and test leads. We are using up all stocks of the DP2010K prior to
launch of a new range of meters in the Autumn. The Kits will be sold on a
'first come first served' basis, and are fully guaranteed. A trouble-
shooting and calibration service will be maintained. This is a once -
only opportunity to make a DMM at an incredibly low price.
Supplied with a comprehensive description of operation and full
constructional data.

TYPICAL SPECIFICATION
Function PSD Accuracy Function FSD Accuracy

Volts
(d.c.)

2V
20V

200V
500V

1 5%
±-1 digit

Current
lax.)

2mA
20mA

200mA
2000mA

2%2:5 digit
2%±5 digit
4%-1-5 digit

12%-±5 digit

Current
ld.c.)

2mA
20mA

200mA
2000mA

1%±-1 digit
1%±1 digit
3%-±1 digit

10%±1 digit

Resistance 2k
20k

200k
2000k

1%±-1 digit
1%-±1 digit
1%±1 digit
1%-±-1 digit

Volts
la.c I

2V
20V

200V
500V

2%
±-5 digit

Diode
Test

2V 1%-±-1 digit

ease allow 28 da for delivery.

LASCAR ELECTRONICS LIMITED
Module House, Whiteparish, Salisbury, Wilts. Tel. 07948-567

LASCAR ELECTRONICS LIMITED
Module House, Whiteparish, Salisbury, Wilts.
Tel. 07948-567
PLEASE SEND ME kits at 2 59 each

I enclose cheque/P.O./Access no.

Amount

NAME

ADDRESS

Export Orders please add E5 for airmail despatch.- - - - - IMMO
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Copies of Patents can be obtained from:
the Patents Office Sales, St. Mary Cray, Orpington, Kent. Price £1.60 each.

POWER -CUT RESERVE

Precise Power Corporation of Florida has
filed a European patent application
0069568 on a clever system for saving
computer data during a power -cut. Ac-
cording to the inventor it can also insulate
computer users from related problems, like
unstable mains frequency and voltage.

Fig. 1 shows a patented solution. Three-
phase mains comes in at 20 to drive syn-
chronous motor 12 which is in direct
mechanical connection with generator 14.
This produces a replica of the mains voltage
which is fed out on line 22 to the computer
load 24. The motor 12 also drives a second

generator 30, which outputs a high fre-
quency supply, e.g. ten times the mains fre-
quency, on line 38. This high frequency
current drives a motor 50 which carries a
heavy flywheel 60 running in a vacuum or
other low windage -loss atmosphere. The
wheel takes around half an hour to run up
to full speed, but when it is running it stores
around 5kW hours of energy.

Under normal mains supply conditions,
the computer takes its power from the
mains via the ganged motor 12 and
generator 14. If the mains supply fails or
falls the flywheel keeps running, with its
speed falling only slightly over a period of
minutes. The second generator 30 now
functions as a drive motor for the mains
generator 14. So the computer receives a
constant power supply. When power is
restored, the flywheel works up to full
speed again, which takes between 15 and
30 minutes.

SOUND SENSITIVE SWITCH
James Taylor of Oregon has filed a Euro-

pean patent application 0067502 on a
sound sensitive light switch. The idea is to
replace an existing wall switch with a sen-
sor that turns the lights on when it hears a
noise. It then leaves them on while the
noise continues, and switches them off
after a period of silence. This way you can
turn the lights on in a dark room simply by
tapping the wall or making a noise. People
who leave the lights on when they leave a
room will no longer waste electricity
because :he lights will switch off
automatically. There is an over -ride for
people who like to make a noise in the dark

saved 60 _/-a
_

,-
r- 1,17" -1-413,Frzeersfrc.iroll air c,rror
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i I
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or sit silently with the lights on.
In the circuit (Fig. 1) a microphone feeds

a signal on line 22 to fixed gain amplifier 24
which is connected to variable gain am-
plifier 26. Sensitivity is controlled by
variable resistor 27. Transistor 30 is nor-
mally biased on, but when the signal from
amplifier 26 exceeds a threshold it is shut
off. A re -set signal on line 8 triggers. os-
cillator and counter chip 33 to produce a
timed control signal on line 12 for triacs 44,
64. Photo resistor 32 biases transistor 30
when the switch is in a well -lit area, so that
sensitivity to noise is less in daylight. On/off
over -ride is provided by circuit 14. Variable
resistor 54 controls triac 44 so that the unit
can also be used as a conventional dimmer.
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QUART INTO PINT POT

The BBC, in British patent 2 105 548,
suggests a simple approach to modifying
the aspect ratio of a TV picture, to give
wide screen images, without using up more
transmission bandwidth. The traditional 4:3
ratio is of course now out of cate, because
most films are shot in a wider screen for-
mat. For projection television there is much
to be said for widening the ratio. But this
normally requires a complete re -think on
the technology, as for instance pursued by
Sony with its 1125 line. high definition, 5:3
wide screen TV system.

The BBC believes that the existing 625
line, PAL system can be easily modified to
give a wider aspect ratio. Conventionally
each picture line is transmitted in 64
microseconds, but only 52 microseconds
are used for picture display. The remaining
12 microseconds, known as the horizontal

blanking interval, are used to carry a syn-
chronizing pulse for the horizontal sync cir-
cuits, a black level clamp pulse and a colour
burst to synchronize the PAL decoder.

The blanking interval is also used to let
the scanning spot glide back to the start of
the next line. But in future solid state dis-
plays, such as I.c.d. or I.e.d. screens, won't
need fly back time. Also, according to the
BBC, the colour synchronizing information
can be drastically shortened in time, or
eliminated altogether, and the receiver
locked by the sound carrier. This leaves up
to 60 microseconds of each 64 micro-
second line available for picture display,
which in turn can give a wide screen aspect
ratio with no increase in video bandwidth.
Although the system would be impractical
for broadcast transmission, because it
would require receiver modifications, it
could be used over existing channels for
closed circuit TV of wide screen format.
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Appearing every two months, Micro -Bus presents ideas, applications, and programs for the most popular
microprocessors; ones that you are unlikely to find in the manufacturers' data. The most original ideas often
come from readers working on their own systems; payment will be made for any contribution featured.

THIS month's Micro -Bus features an
EPROM extension board for the ZX8I or

Z X 80, a BASIC program to solve
simultaneous equations, and the solutions to
the BASIC problems featured in the last
Micro -Bus.

EPROM EXTENSION BOARD
The circuit shown in Fig. 1 was submitted

by /. P. Bryant, and will add up to 8K of
EPROM or RAM to a ZX80 or ZX8I. The
extra memory appears in the memory space
directly above the 8K monitor ROM. and the
circuit uses 2716 or 2516 EPROMs as these
are available at a reasonable price.

The circuit is interfaced to the ZX81 bus by
means of the edge connector. For ZX80 users
there is no ROM chip select signal on the con-
nector, but this can be created by connecting
IC6 pin 6 to the spare edge connector, and
then cutting the track between IC 12 pin 11

and IC6 pin 6 and connecting a 680 ohm
resistor across the break. The edge connector
will now be identical to the ZX8I's.

The circuit does not need to include any
write protection because the lk resistors in the
ZX80/81's data bus provide this.

ROM C5

MRED

Al 3

Al4

All

Al2

50- A10

DO -07

0c,175E)

different frequencies, and then solving three
simultaneous equations to find R, C, and L.
The BASIC program of Fig. 2 was submitted
by A. Schoultz of South Africa, and can he
used to solve such equations. The program
was developed on a ZX8I, but can fairly
easily be modified to run on any BASIC -
speaking microcomputer.

The number of equations which can be
solved is dependent only on the amount of
available memory. On a ZX8I with a 16K
RAM pack the program has no trouble solv-
ing ten equations with ten unknowns, and
takes about 22 seconds. As an example, to
solve the three equations:
a + 2b + 3c 42
7a + b - 8c = 36
3a - 2b + 2c = 54
one enters the coefficients in order:
I, 2, 3, 42, 7, I, -8, 36, 3, -2, 2, 54.
The program should then produce the correct
answer:
a= 14, b 2, c 8.

PROGRAM OPERATION
The program, lines 10 to 150, first inputs

the number of equations and sets up three

Fig. 1. Circuit adds 8K of EPROMs to a

SIMULTANEOUS EQUATIONS
Simultaneous equations crop up in many

different branches of electronics. For example,
one can determine the resistive, capacitive,
and inductive components of a passive com-
ponent by measuring its impedance at three

2716 OR 2516
SINGLE RAIL EPROMS

2X80 or ZX81

arrays. Array A holds the coefficients of the
variables, and array B holds the constants.
The solution is returned in array X. Lines
1000 to 1036 solve the equations, and lines
1037 to 1048 print out the solution.

To alter the program for other machines,

5 REM ** SIMULTANEOUS EQUATIONS ***
10 PRINT "NO. OF EQUATIONS .",
15 Q.37
20 INPUT N
30 PRINT N
40 DIM A(N,N)
50 DIM B(N)
60 DIM X(N)
70 LET C.INT(10/(N.1))
80 FOR I.1 TO N
90 FOR J.1 TO N
100 INPUT AII,J)
110 PRINT AT 1.2,J*C-C;A(I,J);" ";CHRB(J.Q)
120 NEXT J
130 INPUT B(I)
140 PRINT AT 1.2,J*C-C;". ",11(1)
150 NEXT I

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048

FAST
FOR 1.1 TO N -I
LET R.I
LET M.A(I,I)
FOR J.I.1 TO N
IF A(J,I)<.M THEN COTO 1008
LET R.J
LET M.A(I,J)
NEXT J
IF M.0 THEN PRINT "SOLUTION ABORTED
IF R.( THEN COTO 1019
FOR K.I TO N

LET S.A(I,K)
LET A(I,K).A(R,K)
LET A(11,K).5
NEXT 11

LET S-it(1)
LET B(1).B(R)
LET B(R)S
FON J.I.1 TO N
LET M.A(.1,1)/A(1,1)
FOR K.1 TO N

LET AlJ,K).A(J,K)-M.A(1,K)
NEXT K
LET 11(.1).B(J)-M.B(1)
NEXT J
NEXT I

REM BACK SUBSTITUTION
LET X(N).B(N)/A(N,11)
FOR I.N-I TO 1 STEP
LET S.0
FOR J.I.1 TO N

LET S.S.X(J)*A(I,J)
NEXT J
LET 0(1)-(11(I)-S)/A(1,1)
NEXT I

PRINT "
SLOW
FOR 1.1 TO N
LET J.(11.1.1).2
IF .1(.20 THEN COTO 1046
SCROLL
SCROLL
PRINT AT 20,0;CHR$ (I.Q)," ";X(I)
NEXT I

STOP
PRINT AT J,O;CHR$ (1.1));"  ";X(I)
NEXT

Fig. 2. Program for the ZX81 will solve
simultaneous equations

those features peculiar to the ZX81 will have
to be altered. The value of Q on line 15 is
chosen so that CHR$(Q+ I) will give the letter
A, for the printing of the equation variables:
other machines that use ASCII will need
Q=64. The PRINT AT Y,X statement in lines
110, 140. 1043, and 1046 can he replaced by
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a TAB(X,Y) function, but note that the order
of row and column is the other way round.
Finally, the commands FAST, SLOW, and
SCROLL can be removed.

PUZZLE SOLUTIONS
Here we present the solutions to the six

problems featured in the last Micro -Bus. Each
problem centred around a program written in
BBC BASIC, and readers were invited to send
in solutions.

NUMBER TRICK
In the first problem you were asked to ex-

plain how a "number trick" worked. The ap-
pearance of the trick was as follows: a spec-
tator was shown 60 random numbers, and
asked to remember one; they were then shown
a selection of numbers, and asked to say
whether their number was present. After 6
such selections the program was (usually) able
to name the number they were thinking of.

The trick works on the principle that six
yes/no (binary) pieces of information will
serve to distinguish between up to 64 different
things (since 2'1'6=64). For the sake of screen
layout the trick used only 60 different num-
bers, and random numbers are substituted for
the numbers 1 to 60 simply to disguise the
trick. These random numbers are stored in an
array numbered 1 to 60 and the following ex-
planation refers to them as A( I) to A(60).

Each selection shows only those numbers
that have a ' I' in a particular position in their
binary representation. This is achieved in the
program by the expression:
IF (N DIV 2T(6 -M)) MOD 2 THEN PRINT
A(N);
which only prints the Nth number if N has a
' 1' in position M. For example, if M is 6 the
expression is effectively:
IF N MOD 2 THEN PRINT A(N);
and the numbers A(1), A(3), A(5) . . . etc will
be printed. The selection procedure is repeated
for values of M from I to 6. The spectator's
six yes/no replies are then assembled into a
binary number which directly gives the posi
tion N of the chosen random number.

As a postscript to the trick you were asked
whether the trick might ever fail. The answer
is yes! If, by chance, a random number ap-
pears more than once in the initial set of 60
numbers the spectator's replies will cause an
incorrect identification; in fact, the computer
will reply with the number whose position N is
the logical OR of the positions of the spec-
tator's numbers. This unlikely event could
easily be avoided by ensuring that the 60 ran-
dom numbers were all different.

MYSTERIOUS SEQUENCE
The next problem was to explain why the

sequence of numbers:
2, 5, 10, 17, 26, 37, 50, 65, 82
was printed out by a program which perfor-
med some manipulations on an array of 100
numbers. The operation of the program can be
made slighty more obvious if it is modified, as
shown in Fig. 3, so that the arrays start from 0
rather than I; the sequence printed out is then:
I, 4, 9, 16, 25, 36, 49, 64, 81, 100
which may be familiar as the squares of the
numbers I to 10. These result for the following
reason: we start off with an array A(0) to
A( 100) whose elements are all zero, or 'false'.

10 DIM A(100)
20 FOR TO 130
30 FOR J1:1 TO 100 STEP N
40 A(J)-NOT A(J)
50 NEXT J: NEXT N
60 REM
70 FOR II0 TO 100
80 IF A(N) THEN PRINT N;
90 NEXT N

Fig. 3. The Mysterious Sequence
problem is revealed by this BASIC
program which prints out a series of
squares

Then, for each value of N from I to 100 every
Nth element is inverted. For example, A(6)
will be inverted for N=1, 2, 3, and 6, and since
it has been inverted four times it will end up
with the value 'false'. It is clear that each ele-
ment of the array is inverted once for each of
its divisors, so only numbers with an odd num-
ber of divisors will end up 'true'. Now, only
perfect squares have an odd number of dif-
ferent divisors, since all other numbers can be
expressed only as the product of two different
numbers, so the numbers printed out by the
program in Fig. 3 will be all the squares. The
program given in the original problem adds
one to these numbers by starting the array
from I rather than 0.

NUMBER TRAILS
The next puzzle program took a starting

number, and found the sum of the squares of
the digits of that number. This process was
repeated until a stable result, such as ' l', was
obtained, which was printed out. The exam-
ples 7 and 19 were given, each of which gives
I as an eventual result. In the latter case we
obtain the trail:
19 --)82 68 -->100
If you tried the program with other starting
numbers you were probably frustrated to find
that the program 'hung up'; we can see why if
we take the starting value '4':
4--> 16 ---)37 58 ->89 145-42-p
20 --j4 . . .

and so the sequence repeats for ever, never
reaching a stable value. However, if we add a
test for this loop to the terminating condition
by altering line 60 to:
60 UNTIL S=T OR T=4
we find that every number up to 99 either ends
on I, or reaches 4 indicating that it is in this
loop. It is fairly easy to see that all starting
values above 99 will soon lead to a value
below 99, so every starting number, however
large, will eventually lead to one of these two
possibilities.

If the rule is to cube each digit before
adding, the picture is somewhat more com-
plicated, and we leave this for exploration by
the reader; suffice it to say that the system
contains five stable end numbers (one of which
is 371), and two loops.

DECIMAL TO HEX
The decimal -to -hex program used the un-

usual recursive definition of a function
FNHEX shown in Fig. 4 to convert a number

10 DIGITS$."0121456789ABCDEF"
70 DEF FNHEXIDEC)
80 IF DEC<16 THEN .MIDS(DIGITSS,DEC.1,1)
90 .4NHEXIDEX DIV 16).FNHEX(DEC MOD 16)

Fig. 4. Recursive function converts
decimal number DEC to a hexadecimal
string

DEC into a string representation of its hex
equivalent. The definition, in plain English, is
as follows: "To convert a number into hex-
adecimal: if it is less than 16 then the result is
the corresponding hex digit extracted from the
string DIG1T$; otherwise the answer is a

string formed by the hex equivalent of the
number divided by 16, followed by the hex
equivalent of the number mod 16.

The oroblem was to explain why the hex
equivalents of the decimal numbers in the
series 1111, 11111, 111111, 1111111 . . . all
end in the digit '7'. Looking at this series, it is
obvious that each term differs from the
previous one by a multiple of 10000; for ex-
ample, 1111111 - 111111 is 1000000, ob-
viously a multiple of 10000. Now, this number
10000 is itself a multiple of 16, so in hex it is a
number which ends in zero. Thus adding mul-
tiples or 10000 to 1111 does not effect the last
digit of the hexadecimal form of the result.
The same is obviously true for series con-
sisting of any repeated digit.

Incidentally, the problem of generating a
series of N '1's is made especially simple by
using the EVAL and STRING functions with
the expression:
40 J=EVAL(STRINGS(N," I "))
The same method can be used for in-
vestigating the behaviour of other series.

RECURSIVE FUNCTION
The last of the puzzle programs printed out

the first ten values of a mystery function. For

2 MOLE O. DIM A(200)
S FOR N.0 TO 250
7 DRAW N.4.FNH(N)*7, NEXT END

10 DEF ENNUI)
20 IF N<2 THEN A(N1.1. .1

10 A(1)-A(N-A(N-1)).A(N-A(N-2)). .A(N)

Fig. 5. Program plots the behaviour of a
non -recursive version of the FN H
function

fairly large values of the function it takes a
long time to calculate values, but we can
rewrite it non -recursively to calculate the first
250 values and plot them; see Fig. 5.

TWICE FUNCTION
As a postscript, readers were asked to con-

struct a function FNTWICE which would

FNTWICE(AS,N) - EVAL

(AS "(" AS "(" STRS(N) -))",

Fig. 6. TWICE function in BBC BASIC
evaluates any given function twice

take any function, and perform its operation
twice in succession. The solution is shown in
Fig. 6, and makes use of the versatile EVAL
function provided in BBC BASIC which
evaluates an expression passed to it.

The function works as follows. Suppose we
call it to evaluate:
FNTWICE("SQR",256)
The function will construct the string:
"SQ R(SQR(256))"
and pass it to EVAL to be evaluated, giving
the result 4.

BEST SOLUTIONS
The next Micro -Bus will give the names of

the readers who sent in the best solutions to
these problems.
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When replying to Classified Advertisements
please ensure:
(A) That your have clearly stated your

requirements.
(B) That you have enclosed the right

remittance.
(C) That your name and address is written in

block capitals, and
ID) That your letter is correctly addressed to

the advertiser.
This will assist advertisers in processing and
despatching orders with the minimum of
delay.

RECEIVERS AND COMPONENTS

300 SMALL COMPONENTS, including transistors, diodes E2.20.
71bs assorted components £6.00. Fifty 74 series I.C.s on panel
£2.20 post paid. Lea 25p refundable. J.W.B. RADIO, 2
Bamficld Crescent, Sale. Cheshire. M33 INL.

JULY PCB'S. Solder reset coated. Down counter - 62.44, up
counter - 14.70. Down counter/controller - £4.05. Complete
set - £10.00. 60741 for
August prices/trade enquiries - Bradley Printed Circuits
(G.D. Cowan), 9 Harcourt Terrace, Headington, Oxford OX3
70F

ELECTRONIC COMPONENTS MERSEYSIDE. MYCA Electronics.
2 Victoria Place, Seacombe Ferry Square. Wallasey, Mersey-
side L44 6NR. Tel: 051.638 8647. Open Mon Sat. 10 am -
5.30 pm.

RESISTOR PACKS
FOR ALL PROJECTS

watt carbon film resistors 5% 1 ohm to 10M
E24 series. Packs of 10 each value (1690
resistors) £12.50. Your choice of quantities/
values 100 for £1 00. VAT and Post Free.

GORDON MALLET
20 Bull Lane, Maiden Newton,
Dorchester, Dorset DT2 OBG

SMALL ADS
The prepaid rate for classified advertisements is 34
pence per word (minimum 12 words), box number 60p
extra. Semi -display setting £11.20 per single column
centimetre (minimum 2.5 cms). All cheques, postal
orders etc., to be made payable to Practical Electronics
and crossed "Lloyds Banks Ltd". Treasury notes should
always be sent registered post. Advertisements,
together with remittance, should be sent to the
Classified Advertisement Dept., Practical Electronics,
Room 2612, IPC Magazines Limited, King's Reach
Tower, Stamford St., London, SE1 9LS. (Telephone
01-261 5846).

NOTICE TO
READERS
Whilst prices of goods shown
in classified advertisements are
correct at the time of closing
for press, readers are advised to
check with the advertiser to
check both prices and
availability of goods before
ordering from non -current
issues of the magazine.

BOURNEMOUTH/BOSCOMBE. Electronic com portents
specialists for 33 years. Foresters (National Radio Supplies),
late Holdenhurst Road. Now at 36, Ashley Road. Biecombe.
Tel. 302204. Closed Weds.

TURN YOUR SURPLUS capacitors. transistors, etc into cash.
Contact COLES HARDING & CO 103 SOUTH BRINK.
WISBECH. CAMBS. TEL- 0945 581189 Immediate
setnumein

NOW OPEN IN NEWCASTLE
For the best in Electronic Components,

Test Equipment and Accessories.
MARLBOROUGH

ELECTRONIC COMPONENTS
15 Waterloo Street, Newcastle NEt 4DE

Tel. 618377
Open 9am-6pm Mon -Sat - Easy Parking

Stockists of
Transistors, Resistors, Capacitors, I.C. Diodes,

Electronic Books. Etc.

BRAND NEW COMPONENTS BY RETURN
electrolytic Capacitors 16V, 25V, 50V.
0 47 1 0 2.2 4 7 & 10 Mfds - 5p.
22 & 47-11p 100-7p. 150y - 8p). 220-- 8p.
150V- 10o). 470- 11p. 140V. 1601. 1000/15V 15p.
1000/25V -25p. 1000/40V - 35p.

Subminiature bead Tantalum electrolytic*.
0 1. 0 22, 0 47. 1 0  35V. 4 7 6 3V - 14p.
2.2/35V. 4.7/25V -15p. 10/25V 15/16V- 20p.
22/16V. 33/10V 47/6V. 613/3V d, 100/3V ,Lie.
15/25V. 22,'25V. 47.'10V 35p. 47/16V- 60P.
Subminiature Ceramic Cape. E12 Series 100V.
2% 10 pf to 47 pf - -3p. 56 p1. to 330 p1. -4o
10% 390 of to 4700 pr
Vertical Mounting Ceramic Pieta Caps. 50V.
E 1 2 22 pf. to 1000 pf. ER 1500 pf to 47000 p1. --2p.
Polys

pf t 820tyrene E1 pf .--3p.-3p.
2 Series1000

pf
63V.

to
Horiz10.000

pt. -4pontal

Mntg.10 o.
Miniature Polyester 250V Vert. Mtg. E6 Series
01 to 068 4p. 1 5p. 15, 22 -6p. 33 47 10p.
68 - 12p. 1 0 15p. 1 5 - 22p. 2 2 - 24p

01311. raniVe"./r) 3Fpl.im017)9A'. -4Veri071
Molt Stability Miniature Filet Resistors 51
1W E24 Series 0 51R - 10M0. (Except 7M5) -
}W El2 Series 1R0 to 10M0. - ; I .

El2 Series 108 to 10M0 - Sp.
(W metal film E12 Series 1013.1M0 5% - 2p. 116 - 3p.
INA 1.01-2p. 1N4002 -4p. 1N4006 -11p. 1 N4007 -7p.
BC107/8/9 -12p. fiC147'3/9, BC157/EV9. 8E195 & 7 -10jt.
8 Pin i.c's 741 Op amp. --111p. 555 Timer --24p.
Oil Holders 8 pin -9p. 14 pin- 12p. 16 pin -14p.
LEDs. 3 & 5mrn. Red -10o. Green & Yellow -14o.

rommets fur 3mm -1 ip. Grommets for 5inm -211.
20mm. O.B. Fuses 15 25. 5, 1. 2 3 6 5A -5p.
20rom Anti Surge 100mA to 5 0A --11p.
20mm Fuseholders P C or Chassis Mtg.-11p.
Battery Snaps (pairs) PP3-41p. PPR- 12p.
4001rW Zener diodes E24 series 2V7 to 33V -6p.

Prices VAT inclusive Post 15p. !Free over E 5,00)

THE C. R. SUPPLY CO.
127, Chesterfield Rd., Sheffield S8 OR N.

PROBLEMS GETTING COMPONENTS? Try Commercial Pro-
ducts. We have access to all the latest des ices and hardware
Ring: 0293 30)74.

Ex Govt ,rareceiwir type 440 complete station in used condi
non Et). Telephonists headset 8 Tic (sound powered) new in
box 14.00 EPSIC oscalcsr.npe unit 240V AC contains X
amps, all solid state size l41,7"1", tube dia mos: units
RSVP tube burn marks E15.03. Aircraft mounted 35m/m camera
contains precision mirrow. lens, smell 24V motor etc. E10.00.
24V necad battery contains 20 x 04 A/H cells (new) E7.00.
CCTV cameras sold for spares EIS. 24V ni-cad battery contains
20 0 type cells used condition £1000. Storno type BU882
battery contains 9 x 225 MATH £3.00. Pye FE /0 batteries E3.00.
10 type dole rate meter E2.50. A14 en govt manpacks 2 to 8
MHZ £80 each. Ex -Govt held telephone type J ES each. Large
packs miscellaneous electronic equipment asalable to callers
EIS All goods are surplus ex-minstry

A. C. ELECTRONICS Tel. 0532 496048 after 6.30 pm.

AERIALS

AERIAL BOOSTERS
Next to the set lining

E145ii /C-URE 1V, gain about 20dbs, Tunable over the complete
UHF- TV band PRICE
BII-VHF/TM RADIO. gain about ladbs. when on the oft
position connects the aerel direct to the radio E7.70.
All Boosters we make won, off a PP3/0136p/6F22 type battery
or 8v to 18s DC P&P 30p PER ORDER.
ELECTRONIC MAILORDER LTD, 62 Bridge St, Ramsbonom.

Lanes BLO 9AG. Tel 1070682) 3036
AccessNisa Cards Welcome SAE Leaflets

SOFTWARE

CONVERT 1581 to EPROM programmer with ZP4000 unit.
S.A.E. details. ENTERPRISE TECHNOLOGY LTD, P.O.
Box 140, Wigan WN3 6LF. Lancs.

BOOKS AND PUBUCATIONS

COMPLETE FULL -SEE SETS any published service sheets, £2
LSAE except CI-Vs/Music Centres from £3 + !SAE. Man-
uals from 1930 to latest. Quotations, free 50p magazine. price
lists unique technical publications for LSAE. Repair data/circs
almost any named TV/VCR £8.50 by return. TIS PE. 76
Church Street, Larkhall, lanarks. ML9 1HE. Phone (0698-
883334).

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS
Please insert the advertisement below in the next available issue of Practical Electronics for

insertions. I enclose Cheque/P.O. for
(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Practical Electronics)

NAME

ADDRESS

Send to: Classified Department,

PRACTICAL ELECTRONICS
Classified Advertisement Dept. Room 2612.
King's Reach Tower. Stamford Street,
London SE1 9LS. Telephone 01-261 5846
Rate:
34p per word minimum 12 words. Box N., 60p ,,,tra.

Company registered in England. Registered No. 53626. Registered Office: King's Reach Tower, Stamford Street, London SE1 9LS 9/83
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SERVICE SHEETS BAKER LOUDSPEAKERS

BELL'S TELEVISION SERVICES for service sheets on radio, TV.
etc. L1.25 plus SAE. Service Manuals on Colour TV and
Video Recorders, prices on request. SAE with enquiries to
B.T.S.. 190 Kings Road. Harrogate. N. Yorkshire. Tel. (0423)
55/045.

FOR SALE

MICROTRAINER, New Power Supply. Extra 2532, PPI, drivers
etc. desk top vein case, £70.00. I. Standish, 123 Draperfield,
Eaves Green, Chorley. Lancs. Tel. 63741.

STOCK OF VARIOUS COMPANIES in liquidation for sale/tender.
Large quantin serious electronic components, resistors.
capacitors. etc. Quantity various electronic equipment, oscillo-
scope. DBX unit. 'HE/receivers, etc. Phone Ongar 362987.

COURSES

CONQUER THE CHIP... Master modern electronics the
PRACTICAL way by SEEING and DOING in your own
home. Write for your free colour brochure now to British
National Radio & Electronics School. Dept. C2, Reading,
Berks. RGI I BR.

EDUCATIONAL

CAREERS IN MARINE ELECTRONICS. Courses commencing Sep-
tember and January. Further details, The Nautical College.
Fleetwood FY7 81Z. Tel: 03917 79123.

FULL-TIME
TRAINING
COURSES

15 MONTHS
TEC CERTIFICATE in

TELEVISION & VIDEO
SERVICING

15 MONTHS
TEC CERTIFICATE in

COMPUTING TECHNOLOGY

6 MONTHS
TEC HIGHER CERT in

COMPUTING TECHNOLOGY
& ROBOTICS

 PRINCIPLES OF ELECTRONICS
 TELEVISION (MONO/COLOUR)
 VIDEO CASSETTE RECORDERS &

CCTV
 COMPUTERS & MICROPROCESSORS
 INDUSTRIAL ROBOTICS

Short courses (from 6 weeks)
with previous electronics
knowledge.
Next course starts Sept. 19th.

Prospectus from:

LONDON ELECTRONICS
COLLEGE

Dept: AA, 20 Penywern Road,
London SW5 9SU. Tel: 01-373 8721.

SWG
8 to 34

35 to 39
4010 43
44 to 47
48

BUSINESS OPPORTUNITIES

REDUNDANT? ELECTRONICS HOBBIST7 - An
opportunity for you to participate in a new venture
selling components, test equipment, kits, etc., to the
hobbist and incustry. The operation is already well
established and needs somebody to manage it - with
particular emphasis on the retail side. If you have spare
capital, there is also a chance to purchase some equity
in the company.

Telephore- Stuart Taylor - 03272 5521

MISCELLANEOUS

ELECTRONIC ORGAN KEYBOARDS and other parts. being cleared
out as special offer. - Elvins Electronic Musical Instruments.
40A Dalston Lane, London E8. Tel: 01-986 8455.

BURGLAR ALARM EQUIPMENT. Ring Bradford (0274) 3089211
for our Catalogue or call at our large showrooms opposite
Odsal Stadium.

SUPERB INSTRUMENT CASES by Bazelli. manufactured from
PVC faced steel. Vast range. Competitive prices start at a low
[1.50. Punching facilities at very competitive prices. - Bazelli
(Dept 23). St Wilfreds, Foundry Lane. Hatton. Lancaster
LA2 6LT.

IONIZER. Feel alert, invigorated and healthier with the amazing
ZEPHION negative ion generator. Kit: 21.50p.
£29.80p or S.a.e. brings leaflets. Dataplus Developments, 81
Cholmeley Road. Reading, Berks. RGI 3LY. Tel. 073
67027.

CLEARING LABORATORY: scopes, generators, P.S.U's. bridges.
ana rs. m e lc recorders. etc. t i4(13. 7623,,

CABINET FITTINGS
Fretcloths. Coverings. Handles. Castors,
Flight Case Locks & Parts. Jacks, XLRs.
Bulgins. Reverb Trays. P & N mic Stands,
ASS Glassfibre Horns,
CELESTION POWER
Speakers.

Send
30p cheque/

PO for illustrated
catalogue Adam Hall (PE Supplies),

Unit G. Carlton Court, Grainger Road,
Southend-on-Sea.

TIE SCIENTIFIC WIRE COMPANY
811 Faint Road. London E17. Telephone 01-531 1568

ENAMELLED COPPER WIRE
1 lb 8 oz 4 oz
3.63 2.09 I.10
3.82 2.31 1.27
6.00 3.20 2.25
8.67 5.80 3.49

15.96 9.58 6.38
SILVER PLATED COPPER WIRE

14 to 30 9.09 5.20 2.93 1.97
TINNED COPPER WIRE

14 to 30 3.97 2.41 1.39 0.94
Fluxcore
Solder 5.90 325 1.82 0.94

Prices include P&P VAT. Orders under £2 add 20p.
SAE for list of copper and resistance wire.

Dealer enquiries welcome.

2 oz
0.88
0.93
1.61
2.75
3.69

MAKE YOUR OWN PRINTED CIRCUITS
Etch Resist Transfers - Starter pack 15 sheets, lines,
pads, I.C. pads) E2.50. Large range of single sheets in
stock at 50p per sheet.
M Positive Transparencies from P.C. layouts in
magazines by simple photographic process. 2 sheets
negative paper, 2 sheets positive film 1A41 E2.25.
Photo -resist spray 1200 ml) E3.90 1p.p 65p).
Drafting Film 1A41 25p. Precision Grids 1A41 85p.
20p stamp for lists and information. P&P 50p per order
plus extra where indicated.

P.K.G. ELECTRONICS
OAK LODGE, TANSLEY, DERBYSHIRE.

10-30400 2 amps
12V 300 ma
12V 750 ma V.50 El
12v 3 amps E4.50 E1
12012V 2 amps 14.50 CI
CHARGER TRANS Post
642 von 3a 1400.12
8-12 yob 4a £6.50.12

Model Inches Ohms Watts Type Pince
Major 12 4.8-16 30 Hi-Fi 116
Superb 12 816 30 Hi-Fi 126
Auditorium 12 8-16 45 Hi-Fi C24
Auditorium 15 8-16 60 Hi-Fi C37
Group 45 12 4-8-16 45 PA C16
Group 75 12 4-8-16 75 PA 120
Group 100 12 8-16 100 Guitar C26
Disco 100 12 8.16 100 Disco 126
Group 1133 15 8-16 100 Guitar 135
Disco 100 15 8-16 100 Disco C35

Post
E2
E2
E2
E2
C2
E2
C2
12
(2
12

LOUDSPEAKER BARGAINS
4 ohm, 5m. 7 4in (2.50; 60n. 8 k 5in. E3.50. Bin. £4.50. 10in. ES.
8 ohm. 31in 3in E2; 5in. 6 x 4 7 v 4in. 12.50; 61in. 8  5in E3;
8in £4.50; 10in E5; 12in 16. Bin. 50W E10. Bin. 60W 112.50.
15 ohm, 31in. 5 v 3M. 6 v 4in. E2.50. 35 ohm 5 in. £2.50.
25 ohm, 3m E3; 5 3M, 7 x lin. E2.50. 120 ohm, 31in dia. 11.

BAKER AMPLIFIERS
Bargain prices, post E2.00
60w, 4 inputs. mains and 12v DC
150w. 4 inputs, mains. all purpose
150,v, 4 inputs, mains PA amplifier
150  150w stereo slave amplifier

1319.00
1119.00

£129.00
1125.00

DISCO MIXER. 2412/. 4 stereo channels. 2 magnetic 2 ceramic/
tape, 1 mono mic channel, twin v.u. meters, headphone monitor
outlet. slider controls, panel or desk mounting, grained aluminium
facia £46. Post El. Tape output facility
DELUXE STEREO DISCO MIXER/EQUALISER as above plus
L E D. V.U. displays 5 band graphic equaliser. left/right fader,
switchable inputs for phone/line, mike/line
Headphone Monitor. Mike Talkover Switch £108 PP (2

SINGLE PLAY Turntables 240 yob AC. Post 12
Make Model Dries Cartridge
BSR P170 Rim Ceramic
GARRARD 6200 Rim Ceramic
GARRARD Delon Belt Magnetic

Price
E20
122
140

BSR P232 12 volt Magnetic E24

AUTOCHANGERS 240 VOLT
BSR Budget Rim Ceramic
BSR DMus Rim Ceramic
BSR DMus Rim Magnetic

116
118
£26

HEAVY METAL PLINTHS Post [1.00
Suits post Garrard decks
Silver grey or black finish Size 16 131in.
DECCA TEAK VENEERED PLINTH. Post E1.50
Supenor finish with space and panel for smell amplifier

£5Board is cut for BSR or Garrard
181in. . 141in. Black/chrome lase trim.
Tinted plastic corer ES
- -
TINTED PLASTIC COVERS for Decks. Music Centres. etc Post C1
17/ . 13; 31in. ES 181 v 121 x 3in.
171 k 91 42 141 v 121 v 2hin.
161 15 41in ES
17 v 123  33in. ES
221 131 s 3in £5
213 , 141 v 21in. es
231 14  3iin. ES

161 k 13 x din,

143 v 131 v 21in.
171* 133 v 41in.
21 v 131 v 41in
303  131 v 31in.

£4

ea
ea
es
es
es
es
E5

MAINS TRANSFORMERS Post
2504-250V E10mA, 6.3V 3.5A. 6.3V IA £6.00 E2
350-0350V 250mA, 6.30 6A CT £12 00 C2

2205 25ma 6V lamp 12.50. 270V 45ma 6V 2 Amp £4.00 Cl
2505 60mA 6V 2A £4,75 Cl
AUTO 1150 to 240V 150WE9. 2501N E10. 500W E12.00 C2

GENERAL PURPOSE LOW VOLTAGE MAINS TRANSFORMERS
Tapped outputs available Price Post
2 amp 3. 4. 5. 6. 8. 9, 10, 12. 15. 18, 25 and 30V E6.00 C2
1 amp 6. 8 10, 12, 16, 18, 20. 24, 30, 36. 40. 48. 60 E6.00 C2

2 amp. 6, 8. 10, 12. 16. 18, 20, 24. 30. 36. 40. 48. 60 E10,50 C2
3 amp 6. 8. 10. t2, t6. 18. 20. 24. 30, 36. 40, 48. 60 £12.50 E2
5 amp 6. 8, 10. t2. 16, 18, 20. 24. 30, 36. 40. 48. 60 £16.00 C2
5-8-10-16V. I amp E2.50 CI 15. -15V 1 amp 14 .00 CI
60.1 amp E2.00 Cr 15-015V. 1 amps £4.50 CI
606V 1> amp E3.50 Cl 20V 1 amp E4.00 Cl
9V. 250ma E1.50 CI 20-0200 1 amp £4.50 CI
9V. 3 amps £4.50 CI 20-40-60V. 1 amp £4.50 C2
9-0-0V. 50 ma, £1.50 CI 25-0-25V 2 amps £5.50 CI
9490. 1 amp E3.50 CI 780 I amp Twice £6.00 12
104100.2 amps E4.00 Cl 30V 1 j amp E4.50 CI

£4,50 El 30V 5 amp and
42.00 CI 17-017 2a £5.50 E2

35V. 2 amps £4.50 El
TOROIDAL 30-030V 4a
and 204-20V. ja £10.00 E2
RECTIFIERS Post
6-12 volt 2a E1.10 .80p
6-12 volt 4a E2 00.80p

R.C.S. LOW VOLTAGE STABILISED
POWER PACK KITS 13.95. Post 65p
Al. pans and instructions with Zener diode printed circuit. mains
transformer 240V a c Output 6 or 7i or 9 or 12V d c up to 10OrnA
or less Please state voltage required
PP BATTERY ELIMINATOR BRITISH 1400
Mains stabilized power -pack 9 volt 400mA DC with overload cut
out Size 5 3; 1iin Post f1

ALUMINIUM CHASSIS. 6 .4-£1.75. 8  6-E2.20; 10  7-E2.75;
12  8-13.20. 14 .9-13.60. 16  16-12.50. 16. 10-13.60;
1.!  3-42.20. 14  3-12.50
ALUMINIUM PANELS. 6 o4 -56p; 8.6-90p; 14 .3-90p; 10.7-
E1.15, 17  8-E1 30; 12  5-90p; 16  6-11.30; 14.941.7C 12..17-
E1.80, 16  10-E2.10. ANGLE ALI 6 .1.bn -30p.
ALUMINIUM BOXES 4  4  lj £1.20. 4 .2i  2 E1.20: 3.2 .1
£1.20; 6.4.2 E1.90. 7.5  3 12.90: 8.6.3 E3: 10  7 .71 E3.60;
12 .5.3 £3.60; 12.8.3 £4.30.
BLACK PLASTIC BOX with Air Fascia 61" -33-  2" £1.50

HIGH VOLTAGE
2/350V 35p
4/3505 35p
8/450V 45p

7...1,350V 50p
31/500V 95p
504500 95p

ELECTROLYTICS
8. 8/450V 75p
8  16/450V 75p

16  16/450V 85p
32  32/450V 41.20
32  32/350V 75p
32  31/500V 12 00

16. 16. 16/275V 50p
50 50/303V 50p

100  100/275V 50p
150 - 200/275 50p
32.37 -16/350V 75p
32  37 32/325V 50p

RADIO COMPONENT SPECIALISTS

Dept 3. 337. 51 HITEDORSE ROAD, CROYDON
SURRE1', ILK. Tel: 01-684 1665

511p Minimum. alters k%elcomc.

- - 
Clowd %%ed. Sam da, 4,1,010.

kcce...Barclu,%1,A. I isl 25p.
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OPERATIONAL AMPLIFIER
EXPERIMENTAL MANUAL

by G. B. Clayton Price: £3.50

DIGITAL ELECTRONIC CIRCUITS & SYSTEMS
by N. M Morris Price: £5.50

ELECTRONIC MUSIC CIRCUITS
by B. Klein Price: £15.00

THE CATHODE-RAY OSCILLOSCOPE & ITS USE
by G. N Patchett Price: £5.50

VIDEOTAPE RECORDING
by J. F. Robinson Price: £14.50

DOMESTIC VIDEOCASSETTE RECORDERS
A SERVICING GUIDE
by S. Beech ing Price: (15.00

MICRO COOKBOOK VOL I: FUNDAMENTALS
by D. Lancaster Price: £13.50

AN INTRODUCTION TO MICROCOMPUTERS
VOL I: BASIC CONCEPTS
by A. Osborne Price. £10.50

WORLD RADIO T.V HANDBOOK
by J. Frost Price: E12 00

1983 THE RADIO AMATEUR'S H/B
by A.R.R.L Price: £10.00

* ALL PRICES INCLUDE POSTAGE *

THE MODERN
BOOK CO.
BRITAIN'S LARGEST STOCKIST

of British and American Technical Books

19-21 PRAED STREET
LONDON W2 1 NP

Phone 01 402 61/6 Closed Saturday 1 p.m.
Please allow 14 days for reply or delivery.

INDEX TO ADVERTISERS
A.C. Electronics
A.D. Electronics
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Audio Electronics
Bi-Pak
Blackstar

72
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C.R. Supply Co. 72
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Pimac Systems 10
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T.K. Electronics 9
Twyford 6
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TEcHNomATi(: LT1)
01-452 1500 01-450 6597

CONNECTOR SYSTEMS
I.D. CONNECTORS

ISpeedblock Type)

Na of Header Recep Edge
ways Plug facie Conn

10 90p 85p 120p
20 145p 1253 195p
26 175p 150p 240p
34 200p 160p 320p
40 220p 190p 340p

50 235p 200p 390p

D -CONNECTORS RIBBON
9 way 4.415411y 25 way37 way HEADER PLUGSER PLUGS CABLE 1Greyl

Solder 80p 105p 160p 750p
RS232 Connectors 1(. ',V 40P

Available 14'''way 60p
Anyied 150p 210p 250p 365plEfrom Stock way 60p

FEMALE Solder IOC way 858
Solder 105p 160p 200p 335p

', .7 p 40p 120p
type type 3426 120p

Angled 165p 215p 190p 440p 160p

43rdway Cr tP aSronixTPype C5IonPn 115°°50P I h ' r

50p 140p 40
2,1P,' 100p 200p 50 WO 200p

way 180P

25 way IEEE Type Conn 15 50 l";., 200p 225p 64 way 280p

RS 132 JUMPERS
125 way DI

24" Single end Male f5.00
24" Single end Female f525
24" Female -Female (10 00
24" Male Male (9.50
24" Female -Male f9.50

DIL SWITCHES
4 vvey 70p 8 way 90p

6 NOV 85p 10 way 140p

DIN STD Plug Skt 2 x22 way
41617 21 way 160p 165p 2x23 way
41611 31 way 170p 1709 2x25 way
41612 2 - 32 way 220p 275p 2 e28 way
Angled 2 32 way 275p 320p I x43 way
41612 3 o32 way 260p 300p 2 x43 way
Angled 3 -,32 way 375p 350p 2 x50 way
2 ,32 way IDC a c 525p 1 x77 way Map
(for 2 x32 way specify a +6 or a .-c1 S103 Conn -- 600p

EURO EDGE CONNECTORS
CONNECTORS 01 0 156

Unclose! Edge Conn. I 2 x 19 way 140p
190p 240p
175p
225p 220p
190p
260p
395p

* SPECIAL OFFER *
1-24

2114L-450 80p
4164-2 450p
2716(+5V) 250p
2532 350p

25-99
75p

430p
225p
335p

2732
6116-150
6522

1-24 25-99
350p 3 3 5p

375p 350p
310p 300p

OFFICIAL BBC DEALER
BBC Model B £399 including VAT. (Carr. £8)

Model A to B upgrade kit £49.50. Installation charge £15
Individual upgrades and all mating connectors availEble.

BBC FLOPPY DISC DRIVES
Disc Interface Kit £95 Installation £20
Single Drive 514" 100K £230 Dual Drive 5.1' 800K £699

BBC COMPATIBLE 5;" DISC DRIVES
These drives are supplied in BBC matching colour case.
Single: 100K £150 200K £215* 400K £265*
Single with PSU: 100K £185 200K £260* 400K £330
Dual with PSU: 200K £355 400K f475* 800K £595
 These drives are provided with a switch between 40 and 80 tracks.

Cable for Single Drive f8. Dual Drive £12.
(Carr. Single Drive £6, Dual Drive £8)

Disc Manual & Formatting Diskette £11.50
Diskettes: 40 track SS £15, 80 track SS f24. 80 track DS £32.

(Price for 10 carr. f2)
VIEW 16K WORD PROCESSOR ROM £52
TELETEXT RECEIVER £195.65 -i- £2 p&p
TORCH Z80 DISC PACK £780.00 f2 p&p
WORDWISE 8K ROM £39 + £2 p&p
BUSINESS, EDUCATION AND FUN SOFT-

WARE IN STOCK
Please phone t3 confirm delivery details.
BOOKS No VAT El p&p)
BASIC PROGRAMMING ON BBC E5.95
LET YOUR BBC TEACH YOU TO PROGRAM E6.95
BBC MICRO REVEALED 17.95
BBC MICRO AN EXPERT GUIDE £6.95
BBC COMPUTERS PLAY £6.95
ASSY LONG PROGRAM ON BBC 18.95

PRINTERS
NEC PC 8023 BE

80 col 100 cps dot matrix printer Bi-directional. Logic seeking, 2K buffer
Forward and Reverse line feed. Hi Res & Block Graphics, Proportional Spacing,
International and Greek character sets, Auto underline, Friction/tractor selectable

E345 + £8 carr
EPSON RX80 and EPSON FX80

RX80 100CPS 80 col Tractor Feed FX80 160CPS 80 col F & T Feed Logic seeking.
Bi-directional, Be Image Printing, 9 9 Matrix, Auto Underline. RX80 frA. FX80 f389

MX100 F/T3 f425
Carr E8/Unit

SEIKOSHA GP100A & 250A
BO col. 30 cps dot matrix printer High Res Graphics Std & double with

characters £180 £6 carr
GP250A £235 - £8 carr.

Published approximately on the 7,h of each month by IPC Magazines Ltd.. Westover House. West Quay Road. Poole. Dorset 81115 116. Printed in England by Chapel Riser Press. Andover. Hants. Sole Agents for
Australia and New Zealand Gordon & Gotch (A/sial Ltd.: South Africa Central News Agency Ltd
Subscriptions INLAND and OVERSEAS £13.00 payable to IPC Services. Oakfleld House, Perrymount Road. Hayward. Heath. Sussex.
Practical Electronics is sold subject to the following conditions, namely. that it shall not. without the written consent of the Publishers first given. be lent. resold. hired out or otherwise disposed of by way of Trade at more
than the recommended selling price shown on the cover, and that it shall not be lent, resold or hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade,or affixed to or as
pan of any publication or advertising, literary or pictorial matter whatsoever.



TTLs
7400
7401
7407
7403
7404
7405
7406
7407
7408
7409
7410
7411
7412
7413
7414
7416
7417
7420
7421
7422
7423
7425
7426
7427
7428
7430
7432
7433
7437
7438
7440
7441
7442A
7445
7446A
7447A
7448
7450
7451
7453
7454
7460
7470
7472
7473
7474
7475
7476
7483A
7485
7486
7489
7490A
7491
74924
7493A
7494
7495A
7496
7497
74100
74107
74109
74116
74118
74119
74120
74121
74122

74125
74126
74128
74132
74136
74141
74142
74145
74147
74148
74150
74151A
74153
74154
74155
74156
74157
74159
74160
74161
74167
74163
74164
74165
74166
74170
74172
74173
74174
74175
74176
74177
74178
74180
74181
74182
74184
74185A
74186
74188
74190
74191
74192
74193
74194
74195
74196
74197
74198
74199
74221
74259
74278
74279
74283
74284

lip
11p
11 p
12p
12p
15p
18p
18p
14p
14p
14p
16p
14p
16p
18p
18p
18p
14p
18p
20p
18p
18p
18p
18p
18p
14p
18p
22p
22p
22p
15p
55p
30p
50p
50p
36p
45p
15p
15p
15p
15p
15p
30p
25p
25p
1 Bp
22p
25p
38p
sop
18p

170p
20p
35p
25p
24p
35p
35p
35p
90p
80p
22p
25p
50p
55p
sop
60p
25p
30p
36p
30p
30p
35p
30p
28p
55p

175p
40p
75p
sop
50p
36p
36p
50p
36p
40p
30p
75p
40p
417p
40p
40p
45p
45p
48p

120p
250p
50p
55p
50p
40p
45p
70p
40p

115p
40p
90p
90p

470p
250p
45p
45p
45p
45p
40p
40p
40p
40p
80p
80p
55p

100p
140p
40p
50p

160p

4191
74298
74365A
74366A
74367A
74368A
74376
74390
74393

80p
100p
30p
30p
30p
30p

100p
75p
90p

74LS SERIES

741501
741502
741503
741504
741505
741508
74L509
741510
741511
741512
741513
741_514
741515
741520
741_521
741S27
741526
741_527
741_528
741530
741532
741533
741537 14p
741538 14p
741542 30p
741547 36p
741548 45p
741_551 14p
741555 14p
741563 120p
741573 18p
741574 18p
741575 18p
741576
741583
741585
741586
741590
741592 30p
741593 22p
74LS95 40p
74LS96 50p
7415107 20p
7415109 27p
7415112 20p
7415113 20p
7415114 22p
7415122 25p
741S123 34p
7415124 90p
741.51254 24p
74151264 25p
741S132 34p
7415133 25p

lip
11 p
12p
12p
12p
12p
12p
13p
13p
13p
15p
25p
12p
12p
13p
13p
14p
13p
14p
13p
13p
14p

74785 160p
74290 75p
7415296 90p
7415299 150p
7415321 150p
7415323 1130p
7415324 150p
7415348 90p
7415352 60p
1415353 80p
7415356 250p
7415363 140p
7415364 140p
741.53654 30p
741_5367A 30p
74153684 30p
7415373 55p
7415374 55p
7415375 45p
7415377 70p
7415378 70p
7415379 95p
7415390 45p
7415393 45p
7415395 90p
7415399 160p
7415608 700p
7415610 £19
7415612 £19
7415626 150p
7415628 150p
7415640 100p
7415641 100p
7415642 100p
7415643 100p
7415644 100p
7415645 100p
7415670 140p
7415682 400p
14L5684 400p
7415687 000

74500 24
/4502 24:
74504 30p
74505 60p
74508 60p
74510 40p
74511 50p
74520 40p
74522 50p
74530 40p
74532 70p
74537 60p
74538 70p
74551 75p
74574 75p
74585 300p
74586 90p
745112 90p
745113 90p
745114 90p
745174 300p
745132 110p
745133 60p
745138 110p

741$136 25
745139 120p

P 745151 180p
7415138 27P 745153 180p
7415139 27p 745157 250p

70p 745163 300p
7415147 100p 745174 250p
7415148 750

1 745175 320p
7415151 40p 745194 320p
7415153 40p 745195 300p
7415154 509 745196 300p
7415155 30P 745197 300p
7415156 38P 745200 450p
7415157 259 243 300 
7415158 30p
74151604 36p
74151614 36p
741.51624 36p
74151634 36p
7415164 40p
74151656 50p
741.51664 55p
7415168 85p
7415169 85p
7415170 70p
74151734 55p
7415174 40p
7415175 40p
7415181 90p
7415190 36p

18p
36p
40p
lop
22p

74C SERIES

74C04
74C08

20p
2

1401(1
/4C14
74C70
74C42
74C73
74C74
74C76
74C85
74090
740157
74C160
74CI61
74CI63
740164
74C173
740174
74C175
740192
74C193
740194
74C195
740221
74C244
74C245
74C373
74C374
74C902
14017
74C922
740973
74C925
740926
74C9213

20p
80p
20p
60p
50p
45p
50p

120p
70p

150p
90p
90p
90p

100p
asp
90p
90p

115p
115p
120p
100p
150p
160p
180p
160p
180p
70p

700p
470p
500p
550p
550p
550p

4000 CMOS

4001
4006
4007
4008
4009
4010
4011
4012
4013
4014
4015
4016
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030
4031
4032
4033
4034
4035
4036
4038
4040
4041
4042
4043
4044
4045
4046
4047
4048
4049
4050.
4051
4052
4053
4054

10p
12p
50p
14p
36p
24p
24p
11 p
16p
20p
48p
40p
20p
32p
45p
25p
48p
40p
45p
13p
32p
13p
80p
20p
40p
45p
15p

125p
80p

125p
140p
45p

275p
110p
40p
40p
40p
40p
40p

105p
50p
45p
50p
24p
24p
45p
60p
50p
90

4055
4056
4059
4060
4063
4066
4067
4068
4069
4070
4071
4072
4073
4075
4076
4077
4078
4081
4082
4086
4089
4093
4094
4095
4096
4097
4098
4099
40101
40103
40105
40106
40109
4500
4501
4502
4503
4504
4506
4507
4508
4510
4511
4512
4154
4515
4516
4517
4518
4520
4521
4522
4526
4517
4528
4532
4534
4536
4538
4539
4543
4553
4555
4556
4557
4560
4566
4568
4569
4572
4583
4584
4585
40014
40085
40097
40163
40174
40175
40193
14411
14412
14416
14419

90p
90p

450p
55p
90p
27p

225p
14p
14p
14p
14p
14p
14p
14p
48p
16p
16p
14p
15p
40p

125p
24p
90p
75p
70p

290p
90p

100p
150p
180p
120p
40p

100p
575p
28p
60p
45p
75p
35p
35p

130p
45p
45p
asp

110p
110p
55p

260p
40p
517p
90p

120p
60p
80p
sop
70p

400p
270p
90p
70p
75p

245p
35p
35p

300p
120p
160p
250p
170p
30p
90p
38p
75p
40p
90p
45p
60p
50p
50p
130p
£7
£8

380p
280p

14490
14495
14599

350p
300p
290p

LINEAR I.Cs
407581 C14
46103 200p
AYI 5050 99p
AY3-8910 350p
AY38912 500p
AY6 1350 350p
AY540070 520p
CA3028A 120p
CA3019 80p
CA3046 70p
CA3048 220p
CA3059 285p
CA3080E 70p
CA3086 48p
CA3089E 200p
CA309040 375p
CA3130E 90p
CA3140E 40p
CA3160E 100p
CA3161 E 150p
CA3162E 4509
CA3189E 300p
CA3240E 110p
CA3280G 200p
07002C 390p
DAC0808 200p
DG308 300p
HA1366 190p
HA1388 250p
ICL7106 700p
IC17650 400p
ICL7660 200p
ICL8038 300p
LC7120 300p
LC7130 350p
LC7137 270p
1F347 150p
1E351 48p
1E353 95p
LF356P 95p
LF357 110p
LMIOC 325p
LM3014 25p
LM310 120p
LM311 70p
LM318 150p
LM319 215p
LIVI324 30p
LM3342 90p
I M3352 140p
1 M339 50p
LM348 65p
1 M358P 60p
LM377 1 7 5p
LM380 75p
LM381AN 1813p
11/43132 120p
L M386 90p
LM387 120p
LM389 95p
LM393 100p
LM394CH 300p
LM709 36p
LM710 50p
LM711 70p
1M725 300p
LM733 130p
LM741 18p
LM747 70p
1M748 35p
LM1886 E5
LM1889 350p
LM2917 200p
LM3302 75p
LM3900 50p
LM3909 85p
LM3911 125p
1M3914 200p
LM3915 200p

VOLTAGE REGULATORS
FIXED PLASTIC

1A Ve
54 1A 7805  40p

12V IA 7817 *40p
15V 1A 7815 .40p
18V 1A 7818 40p
24V 1A 7824 .40p
5V 100m4 78105 30p

12V 100mA 781_17 30p
15V 100mA 78115 30p

745,92 35p 11811.14M8P1111101;i1 79115 50p
1 5V 1 3 5p 18HGKC 600p

LM317K 250p 18HO5KC 550p
1M3171 1A Ad) 2009 78MGT2C 140p
LM337T 100p 18GUIC 200p
LM323K 3A 5V 450p /9GUIC 225p
LM723 150mA Ad' 37p 19HGKC 700p
11494 400p 11497 300p

300 LM3507 350

7415193 36p
741.51944 35p
741.51954 35p
7415196 45p
7415197 45p
7415221 50p
7415240 55p
7415241 55p
741_5242 55p
7415243 55p
7415244 50p
7415245 70p
7415251 30p
7415253 30p
7415256 150p
7415257 30p
7415258 35p
7415259 55p
7415260 22p
7415266 20p
7415273 55p
7415275 225p
741_5779 30p
7415280 100p
7415283 40p
7415292 700p
7415293 40p
7415294 700p
7415295 90p
7415797 900p

OPTO-ELECTRONICS

P71 180 ORP60 120.
OPTO-ISOLATORS

r co:.

/905 45p
7966 45p
7912 45p
7915 4Sp
7918 45p
7924 45p
79105 50p
79112 50p

TIL78

TRANSISTORS

MCT26 100p
MC52400 190p

074
1.

LEDS

TIL32
111209 Red
TIL211 Gr
711212 Ye
111_216 Red

DISPLAYS

5Sp
10p
12p
15p
18

D1704 140p
DL707 Red 140p
END357 120p
FND500 90p
F60507 90p
MAN3640 1 7 5p
MAN4640 200p

711 112
711. 113
111 116
0.2'
111220 Red
111222 Gr
TIL228 Yel
Rectangular
LEDs G.
NSB51381
01311
T1L312/3
TIL321/2
411.330
1750/60

p
70
20p
70p

10p
12p
15p

30p
670p
500p
110p
130p
140p
200

DRIVERS
9
9370
UDN6118
UDN6184

300p
320p
320p

40161/2
BCI07/8
BC1013E1

BC1091
BCI69C
BC172
BC177/8
BC179
BC182/3
BCI84
BC187
BC212/3
BC214
BC237
80327
80337
BC338
BC461
BC477/8
13C516/7
BC547B
BC548C
BC549C
BC5578
BC559C
EICY70
BCY71/2
00131
80132
BDI35
BD136
130139
80140
80189
802424
80379
B0380
BF2448
BF256B
13F257/8
BF259
8E337
BFR39
EIFF140/1

4,13p
14p
15p
16p
10p
12p
17p
18p
10p
10p
30p
10p
12p
10p
16p
10p
15p
30p
30p
38p
12p
12p
72p
14p
18p
20p
20p
410p
80p
40p
35p
40p
40p
60p
60p
40p
40p
25p
SOp
30p
35p
30p
20p
20p

LM3916 225p
LM13600 110p
M515131 230p
M515161 500p
MB3712 200p
MC131OP 150p
MC1413 100p
MC1458 30p
MC1495L 350p
MC1496 70p
MC3340P 150p
MC3401 50p
MC3403 65p
MEI OCN 300p
MK50240 900p
MK50398 £7
NE531 140p
NE555
NE556

lop

NE564 420p
NE565 120p
NE566 I55p
NE567 140p
NE570 410p
NE571 4009
NE5534A 125p
PLL024 500p
904136 60p
RC4558 130p
S5668 225p
S50740 900p
SAD10244 850p
SN76477 450p
SN76489 480p
SP0256AL E10
1A7120 150p
147204 150p
147205 90p
1A7222 150p
747310 150p
TBA231
TBA641BX1

122:

784800 80p
784810 100p
706820 80p
1134950 225p
709I09 750p
TC4210 250p
7C4220 350p
TC4940 175p
TDA10044 300p
TDA1008 320p
7041010 200p
TDA1022 500p
1061024 120p
10A1170 300p
TDA2002V 325p
1042003 325p
1042020 320p
71071/81 25p
11,072/82 45p
71064/74 95p
11084 90p
71094 200p
114300 70p
U44170 170p
U42240 120p
U1620034 75p
UPC1156H 275p
XR210 400p
XR2206 300p
ZNA134 £23
264234 850p
26414 95p
26419C 190p
26414E 130p
26415E 340p
ZN427E 580p
ZN428E 450p
26429E 210p
ZN450E 790p
ZN459 800p
ZNI034E 200p
IN1040E 670p

COMPUTER CORNER
CRT

CoUs CONTROLLER
1802CE
26504
6502
65024
6800
6802
6809
6609E
68809
8035
8039
80804
80854
8086
8748
1658060
TMS9980

3880

2804
Z8013
8088
TN155100

3/42
3 ?45
6520
6522
6522A
6532
6551
6821
68821
8840
68840
6850
E8E150
6E152
6854
61375
8154
8155
8156
8205
8212
8216
8224
8226
8228
8243
6250
8251
8253
8255
6256
8257
8259
8279
8284
8288
87554
9901
TM 55220
7MS9909
-MS9911
280P10
ZEIOAPIO

800p
450p
280p
310p
550p
550p
650p
100p
220p
375p
650p
110p
220p
250p
770p
500p
950p
350p
350p
225p
110p
100p
110p
250p
270p
280p
850p
250p
390p
255p
£38

£4
Ea

440p
350p
100p

El 5
£10
£12
£9

£113
250p
280p

280011 250p
280ACTC 250p
280ADART £7
ZBOADMA C9

a II

850p CRT6545
£12 CRT5027

350p CR15037
500p E F9365
225p EF9366
225p MC6845
650p MC6847
£12 SFF96364
£12 TMS1601

350p TM59918
E3 TM59927

250p TMS9928
450p

E22
£16
Ell Pm
E20 28 pin

290p VI
C24 40n

320p 21 1

E12 2102-31
E18 2111A
£10 2111-4

2114-21
2147
4027,3
4116-15
4116-20
4118-3
4118-4
4164-2
416415111.
4416-20
4531-20
4816AP-3
5101
5516
6116P-3
611691-3
6514
6810
745189
745201
745289
93415
93415
931427

900p
£18
£18
E313
C36
£6

650p
£8

£12
£313
£14
£20

p
120p
3009
300p
100p
450p
300p
120p
100p
500p
450p
450p
450p
500p
250p
280p
210p
850p
350p
550p
250p
120p
150p
3509
150p
000p
600p
950

ROMs/PROMS
745188
745225
745287
745788
745387
745473
745474
745570
745571
745573

EPR
2532
2564
2708
2716 l 5VI
2716 1350ns1
2732 1300ns)
2764-25
TMS2716
27128-25

UARTs

140p
550p
200p
140p
225p
650p
400p
650p
650p
900p

350p
Cs
E3

250p
SOOp
3509

750p
E25

AY31015P 300p
AY -5-1013P 300p
COM8017 300p
IM6402 380p
191602 300p

INTERFACE ICs
AD558CJ
AD561J
AM25S10
AM/515151
AM261S31
AM261537
07002
DAC80
DM8131
DP8304
D53691
D58830
058831
DS8832
D58833
DS8836
DS8838
MC 1488
MC1489
MC3466
MC3459
MC3470
MC3480
MC3486
MC3487
MC4024
MC4044
MC14411
MC14412
ULN2003A
75107
75108/9
75110/17
75114/15
75121/22
75150P
75154
75159
75365
75451/2
75453/4
75491/2
8726
8728
8195/96
8197/98
811_595
811596
811597
BILS98
811_5170
9602
9637AP
ZN425E-8
ZN426E 8
IN/477E 8
ZN4213F 8

775p
£20

350p
Cl

1259
125p
390p
£28

275p
250p
300p
140p
140p
250p
225p
150p
225p
55p
55p

250p
450p
650p
850p
500p
300p
325p
325p
675p
750p
75p
90p
90p
90p

160p
140p
120p
140p
220p
150p
72p
72p
65p

120p
120p
80p
80p
80p
80p
80p
80p

250p
220p
1130p
350p
350p
650p
500p

5674S/624N
MC66760

£10
750o

11 /1395/1/ 100p
100KHz 250p
200KHz
1 OMHz
1 008MHz
113432MHz
2 00MHz
2 45760MHz
2 5MHz
2 662MHz
3 276MHz
3 5795MHz
3 686MHz
4 00MHz
4 194MHz
4 43MHz
4 608MHz
4 9152MHz
5 00MHz
6 00MHz
6 144MHz
7 00MHz
7 168MHz
8 00MHz
8 86MHz
10 00MHz
10 50MHz
10 70MHz
11 00MHz
14 318MHz
14 756MHz
15 00MHz
16 00MHz
17 7MHz
18 00MHz
18 432MHz
19 968MHz
20 000MHz
26 690MHz
38 6667MHz
48 OMHz
55 SMHz
116MHz
145 80MHz

280p
290p
2 7 5p
210p
225p
210p
250p
2509
150p
100p
3009
1509
200p
110p
250p
250p
1 7 5p
150p
150p
150p
1 7 5p
175p
1 7 5p
1 75p
250p
150p
150p
175p
250p
200p
200p
2009
200p
150p
1 50p
200p
150p
1 7 sp
1 7 sp
400p
300p
250p

KEYBOARD
ENCODER
AY52376
74C922 420p
74C923 500u
elSaMpIlt43127T-5p

MHz HE

DISC CONTROL BAUD RATE
GENERATORFD1771

FDI791
FD1793
FDI795
FDI797
FD2703
FD2797
WD1691
WD2143
8271

E20
£22
[23
C28
f28
f42
C42
£15

550p
£36

CHARACTER
GENERATORS

R0-3-2513UC 750p
RO-3-25131C 700p

COM8116 700p
47028 750

DECODER ICs
$445020
SAA5030
$445041

£7
£18

REAL TIME
CLOCK

MCM66760 7

WIRE WRAP SOCKETS BY TEXAS LOW PROFILE DIL SOCKETS BY TEXAS
8 pin 25p 18 pin 50p 24 pin 70p

-4 pin 35p 20 pin 60p 28 pm 80p
'6 pin 40p 22 pin 65p 40 pin 1009

136379 20p MPSU65 78p
BFR80,1 25p 119294/B 35p
BFX29 40p 11929C 40p
BFX30 34p TIP31C 50p
BFX84 25p TIP324 40p
BFX85 30p TIP3213 45p
BFX88 25p TIP321 50p
BEX89 150p TIP33A 60p
EIFY50 24p TIP3313 65p
8FY5I /2 24p TIP33C 70p
BFY56 30p TIP344 85p
BEY90 80p 11934/3 70p
BRY39 40p TIP34C 813p
8SX19/20 24p TIP354 120p
BU104 225p 119358 140p
BUI05 190p 119350 150p
BU108 250p TIP36A 140p
BU109 225p 7IP3611 150p
BU126 150p TIP36C 180p
BUI804 120p TIP41A 45p
BU205 175p TIP41B 50p
BU208 200p TIP41C 55p
BU406 145p TIP424 50p
BUX80 400p TIP42B 45p
J310 50p TIP42C 80p
MJ802 400p 11P54 1617p
MJ2501 225p TIP120/22 80p
M.12955 90p T1P142 110p
MJ3001 225p 119147 120p
MJE340 50p 7192955 60p
MJE2955 90p 093055 60p
MJE3055 70p VN I OKM 50p
MPE102/3 30p VN66AF 90p
MPFI04/5 30p V6884F £1
MPF105 30p ZTX108 10p
MPS406
MPSA17

30p
50p

270300
210500

13p

MPSA13 50p 27%502
13p
15p

MPS420 50p 210504 18p
MPSA42 50p 26697 20p
MPSA43 50p 26698 40p
MPSA56 25p 267064 113p
MPS470 50p 26708 18p
MPSUO6 55p 26918 3Sp
MPSUO7 60p 26930 18p
MPSU45 90p 261131/2 38p

TECHNOMATIC LTD
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 lED

SHOPS AT: 17 BURNLEY ROAD, LONDON NW10
(Tel: 01-452 1500, 01-450 6597. Telex: 922300)

305 EDGWARE ROAD, LONDON W2

261613 30p
261711 25p
162102 70p
762160 295p
2622194
2622224
7623694
262484
762646
262904/5
2629064
2629074

25p
25p
17p
25p
40p
25p
25p
25p

262926
263053 25p
263054 55p
263055 48p
263447 140p
263553 240p
2N3584 250p
263643/4 asp
263702/3 10p
263704/5 10p
263706/7 14p
263708/9 12p
263773 300p
263819 25p
263823 50p
263866 90p
263902 700p
163903/4 16p
263905/6 113p
264037 85p
264056 65p
264123/4 27p
264125/6 27p

264401,3
7N4427
764871
766087
266089
26,0 72
26 ,191
2N4194
265245
26 5296
2615401
265457/8
265459
265460
265485
265875
266027
266052
266059
266107
266247
766154
266290
2SC1172
25C1306
25C1307
2501957
2SC2969
2SC2028
2S12029
2502078
36128
36140
36141
36201
36204

25p
90p
50p
27p
27p
18p
70p
75p
40p
65p
50p
32p
32p
60p
36p

250p
30p

300p
325p
65p

190p
130p
65p

150p
150p
150p
90p

198p
120p
250p
200p
120p
120p
110p
110p
120p

OUR NEW
COMPREHENSIVE
CATALOGUE IS

NOW AVAU_ABLE

8 pin 9p
14 pin 10p
16 on I

18 pm
20 pin
22

18p 24 pin
18p 28 pin 28p
22p 40 pm 30p

DIODES
BY127 12p ZENERS
0447
0490/91

9p
9p 2 7V 33V

04200 9p 00mW Bp
04202 10p I'S 15
16914
1N916

4p
7p TRIACS

164148 4p PLASTIC
164001/2 8p 34 400V 60p
164003/4 5p LA 4000 70p
164006/7 7p 6A 5005 88p
165401/2 12p BA 4v0V 75p
165403/4 14p 8A 500V 95p
15920 9p 124 400V 85p

BRIDGE 12A 500V 105p
RECTIFIERS 16A 400V 110p

1A 50V
IA 100V

19p
20p

16A 500V
128000

130p
130p

1A 400V 25p
14 600V 30p THYRISTORS
2A 50V
2A 100V

30p
35p 70p1A 500

2A 400V 45p 1A 4000 90p
3A 200V 60p 3A 4000 45p
3A 600V 72p 84 600V 1409
4A 100V 95p 12A 4000 160p
44 400V 100p 164 100V 180p
6A 50V 80p 16A 400V 180p
6A 100V 100p C106D 45p
6A 400V 120p MCR101 36p

10A 400V 2130p
754 400V 400p 264444 180p
40290
40361/2

260p 265060 30p
75p
90p

265061
765064

32p
35p40408

40409 100p
40410 100p
40411 300p
40594 120p
40595 120p
40673 75p
40871,2 100p

PLEASE ADD 40p p&p & 15% VAT
(Expo:i: so VAT, p&p it Cost)

Orders from Government Depts. & Colleges etc. welcome.
=5=3 Detained Price List on request.

Stock items are normally by return of post [



MAKE AIL THE RIGHT
CONNECTIONS
with a MAPLIN MODEM KIT """"mm7=....
Exchange programs with friends, leave or read messages from the
various Billboard services, talk to computer bureaux, or place
orders and check stock levels on Maplin's Cashtel seNice. A
Maplin Modem will bring a whole new world to your computer and
vastly increase its potential.
Now you can exchange data with any other computer using a 300
baud European standard (CCITT) modem and because the Maplin
Modem uses this standard, you could talk to any one of tens of
thousands of existing users.
Some computers need an interface and we have kits for the ZX81,
VIC20/Commodore 64, Dragon and shortly Spectrum and Atari,
whilst the BBC needs only a short program which is listed in Projects
Book 8.
A Maplin Modem will add a new dimension to your hobby.

Order As LW99H (Modem Kit) excluding case. Price £39.95.
YK62S (Modem Case). Price £9.95.

Full construction details in Projects Book 5.

NEW MAPLIN STORE
OPENS IN MANCHESTER

Our new Manchester store offer-
ing the full range of Maplin's
electronic components, compu-
ters and software will be opening
16th August, 1983. Part of the
new store will be a self-service
area where you can browse
around and choose the parts you
want. Counter service will be
available as well. Upstairs you will
find our computer demonstration
area with displays of hundreds
and hundreds of different soft-
ware packages for Atari, BBC,
Commodore 64. Dragon, Sord M5,
Spectrum and VIC20.
You will find us at 8, Oxford Road
opposite the BBC, between Picca-
dilly and the University complex.
We're just a few steps from

Manchester's Oxford Road station
and about five minutes walk from
the city centre. There is excellent
parking on meters in the adjacent
sideroads and we're about five
minutes drive straight in from
junction 10 on the M63 at the start
of the M56.
Call in and see us soon!

Great Projects
From E&MM

Our new book "Best of E&MM
Projects Vol. 1" brings together
21 fascinating and novel pro-
jects from E&MM's first year.

Projects include Harmony Gen-
erator, Guitar Tuner, Hexadrum,
Syntom, Auto Swell, Partylite, Car
Aerial Booster, MOS-FET Amp
and other musical, hi-fi and car
projects.
Order As XH61R. Price £1.

* 1983 *
CATALOGUE

Over 390 pages
packed with data
and pictures and
all completely re-
vised and includ-
ing over 1000 new
items. On sale in
all branches
of W.H. Smith. Price £1.25. Or
send £1.50 (including p&p) to our
mail-order address.
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Maplin's Fantastic Projects'
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Full details in our project
books. Price 70p each.

In Book 1 (XAO1B) 120W
rms MOSFET Combo -Amplifier
 Universal Timer with 18 pro-
gram times and 4 outputs 
Temperature Gauge  Six Vero
Projects.

In Book 2 (XAO2C) Home
Security System  Train Con-
troller for 14 trains on one circuit

Stopwatch with multiple
modes M iles-per-Ga I lort
Meter.

In Book 3 (XAO3D) ZX81
Keyboard with electronics 
Stereo 25W MOSFET Ampli-
fier  Doppler Radar Intruder
Detector  Remote Control for
Train Controller.

In Book 4 (XAO4E) Tele-
phone Exchange for 16 exten-
sions Frequency Counter
10Hz to 600 MHz  Ultrasonic
Intruder Detector  I/O Port for
ZX81  Car Burglar Alarm 

Remote Control for 25W Stereo
Amp.

In Book 5 (XAO5F) Modem to
European standard  100W
240V AC Inverter  Sounds
Generator for ZX81  Central
Heating Controller  Panic But-
ton for Home Security System 
Model Train Projects  Timer for
External Sounder.

In Book 6 (XAO6G) Speech
Synthesiser for ZX81 & VIC20 
Module to Bridge two of our
MOSFET amps to make a 350W
Amp  ZX81 Sound on your Tv
 Scratch Filter  Damp Meter 
Four Simple Projects.

In Book 7 (XAO7H) Modem
(RS232) Interface for ZX81 /
VIC20  Digital Enlarger Timer/
Controller  DXers Audio Pro-
cessor  Sweep Oscillator 
CMOS Crystal Calibrator.

In Book 8* (XAO8J) Modem
(RS232) Interface for Dragon 
VIC Extendiboard  Synchime 
Electronic Lock  Minilab Power
Supply  Logic Probe  Door-
bell for the Deaf.
'Projects for Book 8 were in an
advanced state at the time of
writing, but contents may
change prior to publication (due
13th August 1983).

LEARN ROBOTICS
- with Hero 1; the new robot
who sees, hears, speaks and
detects movement!
This remarkable microprocessor -con-
trolled robot is the perfect robotics
training system for industry, home
and schools. Hero 1 can see, hear,
speak, detect moving and stationary
objects and determine their distance,
pick up small objects, move in any
direction and can learn from your
instructions.
Hero 1 is a superbly documented
Heathkit kit.
Order As HK2OW (Robot Kit) Price £1,599.95.

marpun
ELECTRONIC SUPPLIES LTD

Mail Order: P.O. Box 3. Rayleigh, Essex SS6 8LR. Tel: Southend-on-Sea (0702) 552911.
Shops at: 159-161 King Street, Hammersmith, London W6. Tel: 01-748 0926.

284 London Road, Westcliff-on-Sea, Essex. Tel: (0702) 554000.
Lynton Square, Perry Barr, Birmingham. Tel: 021-356 7292.
8 Oxford Road, Manchester. Tel: 061-236 0281. (Opens 16th Aug. 1983)
All shops closed Mondays.

All prices include VAT & carriage. Please add 50p handling charge if total order value is under £5


