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What better way of ensuring your
pleasure than to actually see your prints
before you pay-and then to be charged
only for the successful pictures within
the price ranges quoted. That is the deal
you get from our colour print service
providing the best all-round value for
money available.

Over the past ten years, hundreds of
thousands of magazine readers have been
delighted with our postal service. They
have sent their films in to us again and
again. So why not give it a whirl yourself?
QUALITY
Every print is checked at every stage of
processing to ensure accurate colour
reproduction.
RELIABILITY
Processing and printing take up to 48
hours. Allowing for postal or peak -period
delays, you should normally expect your
prints after seven to ten days.
LARGER PRINTS
Our Superprints give you 30 per cent
more picture area at no extra charge.
EASY CREDIT
You pay only for your successful shots
within the price ranges quoted-and
then only after you have seen the prints.
FREE FILM
When you order a replacement film, we
send you a second film free.
COMPARE PRICES
If you are invoiced for £2.70, plus 30p
postage and packing per film, that could
be for as many as 24 successful prints.

.11.,kildir

Practical Electronics
Colour Print Service

See your
prints
before

you pay
See our price range:
No. of Superprints Price (inc.
or standard prints 15% VAT
0 -6 £1.20
7-12 £1.70
13-18 £2.20
19-24 £2.70
25-30 £3.20
31-36 £3.70

LUXURY COLOUR PRINTS
You will be amazed at the beautiful
colours and sheen finish of your prints.
They have elegant rounded corners and
are borderless to give you maximum
picture area. Choose either standard
prints or the larger Superprints by ticking
the appropriate box on the enclosed
envelope or on the coupon below.
Superprints Print size (approx.)
35mm 110 .126 Disc
4"x53/4" 4"x51/8" 4"x4" 4"x51/8"
Standard prints Print size (approx.)
31/2" x 5" 31/2" x4I/2" 31/2" x31/2" N/A
NO MONEY-NO STAMP
Just send any good make of colour print
film, including disc film, inside the
Freepost 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.
PERSONALISED SERVICE
Our valued readers know we care for
their prints. If you have any queries
about this highly -personalised service,
contact Customer Service, Kenavon
Drive, Reading, RG1 3HT, or ring
Reading (0734) 597332.
YOU BENEFIT IN FOUR WAYS
1. Processing is free-you pay only for
successful prints (plus p & p).
2. You enjoy a highly personalised
service with every care taken over each
individual print.
3. You are not hampered with credit
vouchers.
4. You get more prints for your money,
so it is worth your while always having
your camera action -ready. Compare the
shop prices.
FREE COLOURPRINT FILM OFFER
For every 110, 126, 135 (all 24 exp,
ASA100) film you order from this
Colour Print Service at our specially
reduced price of £1.20, you receive in
addition a FREE high -quality
Colourprint film specially packed by
one of the world's leading manufacturers.
Offer excludes Black & White,
transparency, sub -miniature, C22 &
Agfa CNS film. Superprints can be
produced only from Kodacolour II, C41
eaccette, cartridge and disc film, not half
frame. Prices are correct at the time of
going to press and are for UK readers
only. Standard terms of business are
available on request.

USE THIS LABEL IF YOU HAVE NO ENVELOPE, OR PASS IT 1D A FRIEND. IT IS USED TO SEND YOUR PRINTS.

To: Practical Electronics Colour Print
Service, FREEPOST, Reading, RG1 1BR.
 Print my enclosed film (Please tIck box)

Superprint size
Standard size

 Rush me of 35/24 of 110/24
__of 126/24 at £1.20 each together with
one FREE film for each film ordered.

From: Practical Electronics Colour Print
Service, FREEPOST, Reading, RG1 1 BR.

Name

Address_

Postcode
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SPEAKERS
8(1.0 3W. T: 2 25-.2 6'.

00p
o 3W, 2 5-4011. 6411 or
8011 00s

OPTO
LEDS price includes Clips

TIL209 Red 3mm ...
TIL211 Green 3mm 1.
TIL212 Yellow

0-5 LCD
DISPLAYS
31 digit 495
4 digit 530

VOLTAGE REGULATORS
lA 1(220 Plastic Casing

,, live ye
7905 45p

12,:, 7'n :::: 7912 50,

DIL Low Wire
SOCKETS profile wrar

8 pin 8p 25p
14 n8n1

10p 35p
16 Mr,

'1'61: 45229p

SPECTRUM
DIODES
A.4119 15
44179 20Awn° 15
8A100 15
BAX13 20

BRIDGE
RECTIFIERS
(plastic case)
1A.,60s. is
1A/100V 20
14/400V 26

T1L220 r Red 1124

01' Yel, Gm, Amber 14
Rectangular LEDs voth
two pan clip R. G & 1 45
Rectangl. Stackable
LEDS

1 8

6 digit
625

BPX25 250
BPW21 320
BPX65 320
ILD74 115
11074 220

15V 7815 45p 7915 45p
15V

1818 46p 7918 45p
24V '824 45p

rnA 7105 30p
2 Plastic Casing7905

6V 78L62 30p -

18 pin
20 pin 213p 60p
22 pin
24 pro

229
25p lop

28 poi 28Ip 8043
40 pm 30p 99p

32K UPGRADE
Upgrade your 16K Spectrum to full
48K with our RAM Upgrade Kit. Very
simple to fit. Fitting instructionsBY100

BY126 12
8Y127 14

34
2AMOS 30

Triangular LEDs R&G 18
02' Flashing LED Red 56
01' Br colour LEDs

ILCT6 Darlington
isolator
TIL111

,,,- 78182 30p -
11521,.. 78112 309 79L12 50p

781.15 30p 791.15 50p
ZIF DIL SOCKE-
24 way 565p

(supplied.
CR033 250
0A9 40
04.47 1

2A/200V 40
2A/400V 46
2A/600V 66

Red/Green 65
Green/Yellow 8.
0 7 Tri colour LEDs

70
OCP71 120
ORP12 78

ICL7660 248 LM317K 250
78H05 5V/5A 550 LM317P

28 way 750p
40 way 845F IDC CONNECTORS (Speed block type)

0A70 1
0A79 1

0A81 2
0485 1

0A90

6A/100V 53
6A/600V 125
10A/200V 215
10A/600V 296
25A/200V 240
25A/600V 395

Red/Green/Yellow 85
0 7 Red High Bright 59
High Bright Green or
Yellow 65
10771 Infra Red (emit 46

2N5777 50
4N33 135
Pin diode 720
Schmitt
Receiver 715

78/112 12W5A 640 LM323K 500
78HG +5 to LM3377 175
.24V 5A 599 LM723 30

79HG -2.25V to TBA625B 75
-24V 5A ass RC4194 375

LM309K 120 RC4195 160

DIL PLUGS (Weeders)
Pins Solder IDC
14 38p 95p
16 42p 10043
24 88p 1389

PCB Male Female Female
with latch Header Card-Edg.

2 rows Stn. Angle Socket Connect,.
Pins Pins

99p 85p 120p
0A91 BY164 56 11132 Infra Red (emit) 52

SFH205 (detector) 118 OPTO ,2028 185 290p 16 way 130p 150p 110p 195p
145p 166p0495

04200
VM18 50 TIL78 (detector/ 55 SWITCH 4090p195p11 218P

way 125p 240p
26 way 175p 200p 150p 320p

0A202
N914 ZENERS

TIL3B 50
TIL81 82; 111100 gp

Reflect..
TIL139 225
Slotted

SWITCHES
SLIDE 250V TOGGLE 2A 250V

RIBBON CABLE
(prics per fool

34 way 205p 236p 169p 340p
40 way 220p 250p 190p 420p

N916 Range 21/7 to similar
to RS 186 lA DPDT 14 SPST 35 Ways Grey Colo.. 50 way 235p 270p 200p 470p

N4001/2
94003
N4004/5
94006/7
N4148
95401 1

39V 40OrnW
Sp sash

Range 3V3 to33V 1 3W
111p sash

7 111.19.1.101 DHPIM1
711321 5' C An 140
711322 5' C th r°
DL704 3' C.Cth 125
01707 3' CAnod 125....,,,F90357 or 500 ' .1'

ALUM -BOXES
40210 7 100
402121' 103
40 Ox zr 120
5.4.7 105

IA DPDT C/OFF 15 DPDT 48
,A DP on/on/on 40 4 pole on off 54
'

SUB -PAINPUSH BUTTON TOGGLE 2 ampSpring loaded
SP 64

15I 28p
25p 40p
30p 50p
40p 65p

.1 609 85p
70p 90p

EURO FEMALE MALE
CONNECTORS SOCKETS PLUGS
Gold flashed contacts Sty Angle Stn. Arlo.
DIN 41617 31 way 170p - - 175p
DIN 41612 2 .31 way 2759 3.20p 2209 2859

95404 1

N5406 1 gAggc,p,
3' Green C.A. 140
+1 3' Red or Green 150

,x2ixir 90
5x 210 21- 130

changeoverLatching or SPST on off 5 8Momentary 6A SPOT cioff ESer

100s, 135p DIN 41612 2-3  32 way 2959 340p 240p 3009
DIN 41512 3 .32 way 360p 385p 280p 395p

N5408 1

S44
MVAM7 166
8A102 30

Bargraph 10 seg. Red 275
Bargraph NSM3914 500

5x4.13'99
504x 2r 120

SPDT c/m 150 SPDT B d 105DPDT c/over 200 DPDT 61rgs Et)
'121" CONNECTOF S

-

TRANSFORMERS Imams Prim. 220-24001
30-3V, 6-0-6V 10OrnA, 9-0-W 75mA:S921

A/100V 4
A/400V 5

6B1058 40
59106 40 FERRIC CHLORIDE

Crystals 116

60407 120
60403 150
7x503 180

DPDT C/OFF EftMINIATURE DPDT on/on/on 185Non Looking DPDT Biased 145

pas 9 15 20 37' ,,,,. , ,,-' -' ' ---'
MALE

12-0-12V 75mA, 15-015V 75mA 98p
tilVA: 2s6V- 54; 2s9V- 4A; 2x12V-034;
2.15V- 25A 250p6A/800V 6

195p it 50p p&p 80603 210
1004103 240

Push to make 15p
4 oole 2 way 220Push break 2 5p

)

Solder ggp 1109 16Cp 2409
Angle 150p 310p 25Cp 355p

12VA: 2.4V5-1 3A; 2s6V-1 24; 2x171 -SA;
2.15V- 4A 345p (354305W

SCR's
Thyrlotora

TRIALS
3A/100V 48
3A/400V 56
3A/EI00V 85

DALO ETCH RESIST
part pip par p 100p

100703 275
120503 2601200,, 3 296 ROTARY: lAdjusteble Stop Type)

1 pole/2 to 12 way. 20;2 to 6 way. 3 pole/

Strait 170p 160p 22Cp 310p
FEMALE
Solder 105p 160p

24VA; 6V-1 5A 6V-1 5A, 9V.1 2A 9V-1 24;
111-l4. 12V-14; 15-8A 15-8A, 20V -6A
?CV- 6A 385p 160P P&P)

0 8A -100V 32
5A/300V 38

84/1001 60.. COPPER CLAD BOARDS
Fibre

2 to 4 way, 4 pole/2 to 3 way utri 2OCp 338P
Angle 165p 215p 29Cp 440p
St t 1 75p

50VA: 2 F6V-4A: 2x 9V-2 54: 2+12V -2A, 2 , 15V-
1 54., 2.2037-1 2A; 2 F25V-24: 2x301 -08A

5A/400V 4064,690v 48

.8A/ ,0,4°°V 115."''"'"' "'12A/100V 78

Single Double- SRBP
GlassGlass sided sided 95...85-is" 125p 110p

ROTARY: Mains 250V AC. 4 Arru, 64p
a 2009 30Cp 420p

COVERS 80p 75 7F 909
- -P --P2

520p 16013 p&p
100VA: 2.12V-44; 2.15V-34: 7.20V-2

5*;:

30V.1 54; 2 254, 1F 50V-149A/300V 60 124./40011 8212A/800V 135 6' 12 175p 225p
F40V-1

965p I60p p&p/0"cm 96
12A/100V 78
12A/400V 95

16A/1400V
106

00V 103
164./

VEROBOARDS 0 l'
Clad Plain 'VO' Board 180

DIP SWITCHES: ISPSTI 4 way 65p;
6 way 800; 8 way 87p; 10 way 100p;
(SPDT) 4 190p.

IDC 25 way Pig 385p, Sty 450p
JUMPER LEADS Ribbon Cable Assembly

Plug12A/800V 188 16A2,8°°v 220
M''''WV 185

21x3r 95 - 'DIP Board 395
way DIL (Headers)

Single Ended Lead. 14' long8T106 150180
c1060 38
TIC44 24
TC45 29
TIC47 36
295064 38

25A/800V 295
25A/1000V ....

'`"1".'
30A/400V 525
028060 125

23.5" 110 - Vero Strip 144
31s3p- 110 --
3105' 125 95p PROTO-DECs
31017" 420275p Veroblock 480
41,,18- 590 S -Dec 395
pkt of 100 oins 5543
S t Face Loiter 150p Birriboard 1 995

Eurobreadboard 590po37AMPHENOL PLUGS
IDC Solder

24 way IEEE 475p 470p
36 way Centrum. 450p 475p
24 way Female 525p 490p

SIL
Socking
0 r
20 way
65P

EDGE CONNECTORS

2 .16 way 210p
2.22 way 215p
2.22 way 175p
2 K2!, way 2 8 5p

Length 14pin 16pin 24 pin 40 pa,
24' 145p 165p 240p 325p
Double Ended Leads

6- 185p 205p 300p 465p
17 198p 2159 315p 490p
24' 210p 235p 345p 540p

294444 130 Pin Insertion Tool 185p Superstnp SS? f 13
way

95p
2 .27: way 190p
2 .311 210p

36' 230p 250p 375p 595p

DIAL
25

SOLDERCON
PINS

100 75p
500 370p

VERO WIRING PEN and Spool 350p
Spare Wire ISpool/ 75p; Cor itr. 6p 4,
Wire Wrapping Stakes 100 250p

ASTEC JHF MODULATORS
6MH7 Standard 325p
8MH7 WrIeband 450p

way
2 .38 way 2.60p
240 way 1809
2.43 way 4509
2 x 75 way 650p

UDC FEMALE RECEPTACLE Jumper Lead-. )

10pin 26pin 34pin . .

, end 160p 200p 2609 300p
2 ends 290p 370p 480p 525p

COMPUTER CORNER
 SEIKOSHA GP100A - Unihammer Printer, nor-

mal & double width characters, dot resolution
graphics 10" Tractor feed, parallel interface stan-
dard £144

 SEIKOSHA GP 250X Printer £199
 EPSON FX80 PRINTER 160 CPS, 11 .9 matrix,

proportional spacing, superscript, subscript, dot
addressable graphics, Normal, Italic & Elite char-
acters. Up to 256 user definable characters. Down
loadable character set. Condensed and double
width printing. 4 user define margin positions.

BROTHER HR -15
DAISEY-WHEEL

PRINTER/
An exceptionally high quality
Daisy Wheel p -inter at the price
of a Dot matrix printer. 18CPS;
Bi-directional, has 3K of Buffer;
has clear buffer facilit Carriey, ge
skip movement, Proportional
spacing; underlining; Bold print
and Shadow print. Prints in two
colours; Super and subscript fa-
cility. Impact control facility to
vary pressure on paper for mak-
ing carbon copies. Has Centron-

CRYSTALS
32 768KH7 100
10010-1v 235
2001E5 266
455664 370

m007,4
2735

78M lz 392
5"7 420
rm6Ai,t

395
515

8432M 250rai ;g
smHz 225
56250M 220
2,7796:16, n;.,,;;

686461 300

032'lliA'Hz 21:01

BBC MICROCOMPUTER
Model A £299; Model B £399 (incl. VAT). We stock the
full --ange of BBC Micro peripherals, Hardware & Soft-
ware like, Disc Drives (Top quality Cumana & Mitsubi-
shi), Diskettes, Printers, Printer Paper, Interface Cable,
Dust Covers, Cassette Recorder & Cassettes, Monitors,
Connectors ;Ready made 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 DES, WORDWISE, BEEBCALC, Software (Edu-
cational Application & Games), BOOKS, etc. etc. Please
send SAE for our descriptive leaflet.

Tractor and Friction feed. 10" maximum width, Bi-
directional, logic seeking. Centronix Interface
standard. £345

 EPSON RX80 PRINTER £235
 EPSON RX80 FT PRINTER £259
 KAGA - RGB 12 inch medium resolution colour

£199

 ZENITH 12" Hi-RES, Green Monitor 40/80
column select switch, value for money. £75

 MICROVITEC 14 colour monitor. RGB input.

ics parallel or RS -232 interface.
Connects directly to BBC Micro.
A ribbon cassette plus a sepa-
rate red ribbon. Optional extras:
Single Sheet Feeder takes up to
150 A4 sheets, & Keyboard that
transforms HR15 into a sophisti-
toted electron cs typewriter.5536MHzAt -monitors

tractively fin -shed in Beige.
Special Introductory

Only £349 (Carr. £7)

194304M 200
433619M loci
gom.tla 22:00

OMHz leo
21485MHNt,

300
OMHz 140
144MH, 150

200
OMF, 150
16881Hz 250
68m-i, 200
OMH: 150
983.3354 395
867237M 220
00MHz 200

DISC DRIVES FOR BBC MICRO
 CS100 - TEAC Cased with own Power Sup-

ply, S/S, 40 track, 51", 100K £145
 CD200 - TEAC Twin Cased with own PSU,

5/5, 4C track, 51", 200K £275
 CS200 - TEAC Single Cased with own PSU,Offer:

S/S, 8C track, 5;", 200K £210
 CD400 - TEAC Twin Cased with own PSU,

S/S, 8C track, 51", 400K £365
Lead incl. £195

 MICROVITEC 1451 Hires 14" Monitor incl.
Lead £319

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

 Spare 'UV lamp bulbs £9
 4 x 4 matrix keypad (reed switch assembly) £4
 C12 COMPUTER Grade BASF Cassettes Ill

Library Cases 40p
 81' or 91" Fan fold paper (1000 sheets) £7

(150p)
 Teleprinter Roll (no VAT) £3.50
MANY MORE PRINTERS, MONITORS, INTERFACES,
AVAILABLE. CALL IN AT OUR SHOP FOR DEMON-

BBC SPEECH SYNTHESIZER
Unit only £44
BBC EPROM PROGRAMMER

£89

':BC 13 ROM SOCKET
Bodr(1 £33

: EEBFONT ROM £39

:EEBMON ROM £19

:BC DISASSEMBLER ROM
£16

PSON DUMP ROM £16

ii ISC-DATA pdtdbd.St!
on Disc £15

375MHz 350
0 OMHz
05MHz 25017

z0 24MH
2 OMH, 175
2 52EMHz 300
4 31818M 170
4 74E6M 175
4 765MHz 250
5 OMH7 240
60MHz 220
80M1 -1r
8432M

180

9968MHz 150
H,O-0 200OM

4 0M1-4, 170
4 93CMHz 325

29 69EMH7 150
26 67CMHz 325
27 125MHz 295
27 14EM 190
27 Baeivii-o 300
3866667M 240

0M11
55 5W0-1,.7 400

240

 MITSUBISHI 51" Slim line Disc Drives double
sided, double density, track density 96 TPI,
 rack to track access time 3msec.

 SINGLE MITSUBISHI Slim line - Cased with
own PSU, DS/DD, 1 Megabytes (400K with
3BC) £259

 TWIN MITSUBISHI Slim line - Cased with
,own PSU, DS/DD, 2 Megabytes (800K with
3BC) £425

 Single Drive Cable for BBC Micro £7
 Twin Drive Cable for BBC Micro £10

Many more types available.

STRATION OR WRITE IN FOR OUR DESCRIPTIVE
LEAFLET. ANTEX Soldering Irons

C15W 510p Spare bits 85p

100ME17 295
1160MHz 300
1458MHz 225

Please send SAE for our detailed leaflet.
N B. Carriage is extra on drives.

(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.

G5171.9 5109 Elements 230p
G18W 525p
xs2sw 530p Iron stand 175p

Heat Shunt 3043
WATFORD ELECTRONICS

Tel. (0923) 40588 Telex. 895609



Our new style course will enable anyone to have a real
understanding of electronics by a modern, practical
and visual method. No previous knowledge is required,
no maths, and an absolute minimum of theory.

You learn by the practical way in easy steps, mastering
all the essentials of your hobby or to start, or further,
a career in electronics or as a self-employed servicing
engineer. All the training can be carried out in the comfort
of your own home and at your own pace.

A tutor is available to whom you can
write personally at any time, for advice
or help during your work. A Certificate
.s given at the end of every course.

CACC

Heathkit IFS A PLEASURE TO BUILD
Bring the enjoyment back into your hobby You'll fir.d Heathkits available for Amateur Radio
with a kit from Heathkit. The beautifully Gear  Car Test Equipment  Kits For The Home
illustrated documentation and step -by-  Self -Instruction Courses  Computer Kits  Test
step instructions make building a Heathkit Instrument Kits  Kits For Weather Measurements.
a relaxing, absorbing pleasure! Choose
from their huge range of fascinating kits All the most popular kits and educational products
and self -instruction electronics and are fully detailed in the 1984 Maplin catalogue (see
computing courses. outside back cover of this magazine for details) or
The Heathkit range includes the ultimate for the full list of Heathkit products send 50p for
in amateur radio kits, computerised the Heathkit International Catalogue
weather stations, a highly soph- complete with a UK price list of all
isticated robot, a 16 -bit comp- items.
uter kit and a range of
home (or classroom)
learning courses. These
state-of-the-art courses
have easy -to -under-
stand texts and
illustrations,
divided into sect-
ions so that you can
progress at your
own pace, whilst
the hands-on exper-
iments ensure long-
term retention of the
material covered.

You'll be proud to say,
"I built it myself"

All Heathkit products available in
the UK from:

Maplin Electronic
Supplies Ltd.
P.O. Box 3, Rayleigh,
Essex, SS6 8LR.
Tel: (0702) 552911.
(For shop addresses see back cover.)
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YOUR CAREER. Y UR FUT .. OUR OWN BUSINESS. YOUR HOBBY

THIS IS THE AGE OF ELECTRONICS!
the woridt fastest growth industry You will do the following

 "  Build a modern oxilloscope
 Recognise and ha idle current electronic

components
 Read, draw and uiderstand circuit degr,

Carry out 40 experiments on basic
,electronic circuits used in modern
equipment using the oscilloscope

 Build and use digital electronic circui:s
and current solid state 'chip's'

 Learn how to les! and service every tape
of electronic device used in industry and
commerce today. Servicing of radio, .V.,
HiFi, VCR and microprocessor 'comr uter
equipment.

British NatiimallladiodeElectronics School Reading,Berks.RG1 1BR

(FRU!
COLOUR

I BROCHURE

I
(Post now to:

....British National Radio8cElectronics School Reading,Berks.RG1 1BR

Please send your brochure without any obligation to

NAME

ADDRESS

am interested in

PE/6/842 BLOCK CAPS PLEASE

COURSE IN ELECTRONICS
as described above
RADIO AMATEUR LICENCE

1 MICROPROCESSORS
OTHER SUBJECTS
please state below

CACC

I

I

OR TELEPHONE US I
0734 51515 OR
TELEX 22758
(24 HR SERVICE)
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HOME UGHTING KITS
ha,. kits contemn all oceesa,v Components and

iuli instructions ant desetned to reptsee a al eadard
oval, switch and control up to 300. of bunting

TDPI300K Remote Control
Dimmer £14.95

MKS Transmitter tot .Dove £4.50
TD3001( Touchdimmer £7.75
TS300K Touchswitch .7.75
TOE K Extension kit tor 2 way

swhing tot TEL 300K £2.50
1030041 Rotary Controlled

Dimmer f3.95

DVM/ULTRA SENSITIVE
THERMOMETER KIT

This new design is eased on the ICL 7126
la lower power version ot the CL
chipl /m0030, digit liquid crystal disoler
This kit wrIl Ion. the basis of  d g tai
muttimeter only a few additional resistors and
switches are required details suppliedl ot a

Sensitive digital thermometer I 50.0 to 150.0 I
lleading to 01.0 The basic kit has a sensitivity Cl
20OrnV for a full scale reading auomat. polarity
indication and an ultra low power) requirement
giving a 2 rear typical battery Me horn a standard 9V
PP] when used 8 bouts a d v.
7 dasS a week Price £15.50

XK113 MW RADIO KIT
Based on ZN414 IC kit includes PCB wound
Aerial and crystal earpiece and all component.,
to make a sensitive miniature radio Size 5.5
2 7 2cms Requires PP3 9V battery IDEAL

FOR BEGINNERS .

ELECTRONIC
LOCK KIT
With hundreds
of uses in doors,
garages. car
anti - theft
devices.
electronic

411equipment etc
Only the correct 7
easily
f dodchangedour igit c e
will open al
Requires a 5 to 15V
dc supply Output 750mA Fits
into standard electrical wall
box Complete kit (excl
front panel) XK101 f11.60

Electronic lock mechanism
for use with the above kit.

70150 (14 95

I

I

WE ALSO
STOCK A WIDE

RANGE OF
ELECTRONIC

COMPONENTS
SEE CATALOGUE

FOR DETAILS

MINI KITS
MK I ELECTRONIC THERMOSTAT
Uses CM971 1 IC to sense temperature
I/WC mad, a. fner to switch heater
I IKWI Mains Doe f  AA
MCI SOLID STATE RELAY
Switches 240V ac motors lerIgs
healers horn loge computercocurts
Zero voltage switchrng nowisolates.
Supplied INK El 9/
MCI PROPORTIONAL
TEMPERATURE CONTROLLER
Uses burst lite technique marr.
tarn temperature to within 0 5°C Ideal
In photography incubators wine
'fleeing etc Ma. load 3KW 12404
act Temp range up to 90'C 4a SO
MKS MAINS TIMER
Mains powered trrner enabling a toad
up to IK W at 240v ac to be switched
on ofti for a varobte time trom 20
nen, to 76 his longer or shorter
Periods possible with must
comPonent hangs, (6 Lo
MK IS DUAL LATCHED SOLID
STATE RELAY
Congrises two MK25 with leen or,u
enabling the MK 12 S.1 to control hap
mean loads independenth Teri
output owns n woo,. See
remote onlroits

or
I f410

NEWDC CONTROLLED
AUDIO AMPLIFIER

Mae be fiscal with virtually an, stern
.audioa...spider to rontrot bases

volume elag and balance re eft
wither Leung a wire lue. ce the ISIK1 I
infra red receiver A 1 of 10 decode,
with LEDS is also included In remoe
ingot selection caliPlav 15ee gamma

cOnlrol kits, (1070

MICROPROCESSOR
CONTROLLED MULTI - PURPOSE

TIMER
Now you can run voii,
Central heating, lighting
111 li fasten. and lots more
with lust one program
maple timer At ye.'
selection it is designed
control four mains OutPutS
independently switching

aand of at pre sat times osaft  7 day cycle eg to control your
ntralc healing including cid toren, switching times tor
eeeee ds I lust connect tc .our Seale, programme and set it

end forget it - the clock will do the rest

 immc E 0I7 hour disOlY
 Das of weak am pm and

output status Indicators
4 °Pen C0111110, outputs for
driving itiess PPP" etC
50 6CP.1, mains Doer.,
Battery backup saves tored
programmes .00 continues
ime keeping during power

Ifiatlery not
...poled I
J,Sp1ey blenlungdppnp
power lailur to conserve
battery power
`ft programme time sets
Pnwartui Eve ,ynae unoicr,
enabling

use
in sail,

de/ but use Only nne
lane Set
Useful sleep functionturns

On Output for one hour
Direct switch control
enbling Output to be turned
nn inwn.iatels or after a
spout...low inter.
20 I.,ni r o keypad tor

NOW ONLY

£39.00
* Prograrenrn pante alron al

IM lOuCh of r Wt..
* Plastic boo with attractive

screen printed front panel
15  10.5 Scn,

!Kit inctudes alt components
PCB. boa assemble and pro
.9./nnung Pur
0.CT4000
X0114 OPTIONAL RELAY KIT
Krt includes one slay PCB rti
accommodate up to 4 relays lei
Martel blocks. etc . to it inside
C16000 Po. Provides op to
lamp 2a0V C changeoue.

NUT Is (3 90
A140.AN talons t t 65 ea, n

3 -NOTE DOOR CHIME
Based on the SAB0600 IC the kit is supplied
with all components. includin,3 loudspeaker
printed circuit board. a pre,droled box 195
71 y 35rnwil and lull met, uCr MOS Requires
only a PP3 9V battery and push switch to
ornelete AN IDEAL PROJECT FOR BEGIN

NERS Order as XK 102 f5.50

INFRA RED
GARAGE DOOR

CONTROLLER
KIT

For opening
and closing
motorised
garage
doors plus
switching
garage and
drive lights
on and off
up to a

range of
40ft and numerous other
applications like controlling
lights and TV's etc. in the
home. Ideal for aged or dis-
abled persons, this coded kit
comprises of a mains powered
infra red remote control re
ceiver with a normally open
relay output plus two latched
transistor outputs, battery
powered four button trans
mitter and an opto isolated
solid state mains switch. As
with all our Kits, full
instructions are supplied.

XK103 125
Extra transrni7ters

XK105 [10 00

Send SAE 9" 6" for our FREE
YELLOW CATALOGUE, It's packed
with a full list of our stock range all at
very competitive prices.

COMPONENT PACKS
POCK I 650 Aeastors

value 44 00
PACK 2 40 18V Ete.t.v . . .1 .n

t0000 - S ore ye, t 3 35
PACK 3 60 P011eSter Cat.- itOr 0 CO to La 250c 5

Pe, solute 46 .55
PACK 4 45 Sub miniature Presets 100 0.1,10 Mu 1"

- 5 Pe/ value (2.00
PACKS 301.4wProble IC Sockets 13 14 and 60,

or eliCeit2
PACK 6 2514ad LEDs 15rnm ener CI SO

HOME
CONTROL
CENTRE

This log enables
you to control up to
16 different app;
ances by means i,t
coded pulses in the
mains wiring
which may be
decoded by special
receivers anywhere in the house
The transmitter may be controlled
manually or by the computer inter
face enabling your favourite micrc
to make your coffee in the morn

mg, switch lights
anywhere in the
house, or your
electric blanket
in your bedroom.
Just think of the
possibilities -
and no wiring,

The Kit corn
prises a trans
miter with pre
drilled box and
two rezelvers

CIP
-1461>

XK112 E42 00
ADDITIONAL RECEIVERS
XK111 (1000

Add 65p postage 8 packing 15% VAT to
tota' Overseas Customers.

400 E2 50 lEurope). E6 00 lelsewherel for pap.
Send SAE for further STOCK DETAILS
Goods by return subiect to availability

am1051( It to F nl
OPEN

gam

to
4VM

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

ELECTRONICS=
PARK

11-13 Boston Road
London W7 3SJ 01 567

8910 ORDER79
9794 ENQUIRIES

01 579 2842 TECHNICAL ARS Oath3P

01 5S

ISCO LIGHTING KIT
01. 10000
Tn. siklue tor ',One,/ kit rag
turese Si rarectional sequenc

of sequence and 1

quenct of PirKtpn [Peng.,Wing be wane or
potent onset* and 'oo,
ats master dimming cononi C1595
Colf 03000
A Iowa, cost verron or thhose realui.Pg
direction& char.,. sequence wilti scee.,
eerie. rneen al a pre se, pot 0, 1%

Ich." onie et 'Tim,.educetern'aeon 011104renCe toe
(895n.

Optional opto moot 01.111
audio r beer 1 - light

response 0p
DC30000
This 3 channel sound In light k

Only E 12 95

24 HOUR CLOCK/
APPLIANCE TIMER KIT
Switches any appliance up to IkW
on and oil at preset times once pe,
day. Kit contains AY 5.1230 IC
0.5" LED display, mains supply
display drivers, switches. LEDs
triacs, PCBs and lull instructions

CTIOOOKEleeiCK it 11400
C 11000K with white 0o.
55 131  71consl (17401
'Reedy Swill E2250

LCD 31/2 DIGIT MULTIM TER
16 .anges including DC village
ma 1000 01 and AC voltage DC
1200 mA 10A i and iesrst an, 2 fi.L F 
NPN L PNP transistor Oa, i

441445 Mika, impedance 10`.
31men Requites Pa 3 9v ti

ONLY 129 00

REMOTE CONTROL KITS

MK I 3 Panenwtte,

M1110 DC CanteelN4 Stin A

114121stateleiched or momenta.. 50
WO 4 ewe %newton ewer..
Mald M ww Irony.. levee. i5 In
MIS Duel Latch. Sold 5,n Rein
SINGLE CHANNEL UNCOOED 1100A 

Y1,

COMPUTER SHOWROOM
TOP HARDWARE,

LATEST SOFTWARE PERIPHERALS,
ACCESSORIES AND MUCH,

MUCH MORE!

PRICES EXCLUDE VAT
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THE ONLY
COMPUTER MAGAZINE
YOU'LL EVER NEED

BIG K is the magazine with the most
for maestros of the micro. ND -holds -barred reviews -

of hardware, software and other wares too numerous to mention.
Flash techniques to help ycu clean up your programming.

Type -in games listings to stimulate your imagination.
And much, much more. If you haven't got a micro

you'll want one after reading BIG K.
THIS ISSUE: Modem Living - access the world through your micro

and telephone - Big K makes the right connections.
Win a full-sized BATTLEZONE arcade
game in Big K's extravagant
competition.
What's all the fuss about? Big K
examines the 68000 wonderchip.
Atari 800XL review.
7 games programs for
Commodore, Vic 20, BBC,
Spectrum, ZX 81, Oric, Atari.
Atari graphics -
read Big K's special feature.
Plus -Arcade Alley,
dozens of games reviews,
expert technical
features, lots of fun
and lashings of colour.

Third amazing issue WE"

on sale 17th May THE

Ask your newsagent
for a copy- 85p

Practical Electronics June 1984



miowicH
fiNMD COMPUTER COMPANY LIMITED
RICCINGHALL HOUSE. HINDERCLAS ROAD. IttCKINCHALL SUFFOLK IP= I HH TEL DI% (03791691751

BBC Microcomputers
Model B 148 %
Model B +Disc Inl 43311
NB Credit cards ore not accepted m payment for
BBC MICrOC omputers

BBC Micro Econet
Full range of products available Installation
service available

BBC Compatible Disc Drives
Cased dnv es, finished to match the BBC Micro ate
supplied complete with connecting cables, manual
1nd utilities disc
All single cased doves may be expanded to dual
ordiguration by the addition of the a ppropnale

.ncased mechanism

Disc capacity
100K 4M 16083
4001(10/90T D 264 35

Dual Unarmed
29195 13003
47915 215 00

Trade/quantity discounts are available
BBC3 DISC Interlace 84 95
Please send for our BBC Mao pace last Full !amnia!
icceseones available

Memories
21141 20
4116 15
4116 20
4118.15
4164.15
4164 20
4416 20
4564 15
5516 25
6116 3
6116 LF'3
2532 45
2719 45
2716 35
2716 45
77163
7732-35
2732 45
776430

DI 092
D2 165
D2 088
DI 375
D2 433
D2 395
D2 660

525
773

DI 372
D2 467
D2 350
D2 325
DI 450
DI 350
DI 450
DI 458
DI 375
DI 392

2761.2.50h1S T1 392
2764 25ONS BBC 595
2564 30 D2 600
27128 30 D2 24 50

Buffers
811595
81LS%
811597
1311598
8T26A (6880AP)
8728A (68891
8195(6885)
8T97A (6887)
8.798 (68881

095
095
095
095
0 78
0 78
078
0 78
0 78

Data Convertors
arcs DI 370
UPD7002 DI 465
2314256 8 DI 3 13

211427E 8 DI 5 75
231428E.13 DI 438
731429E-8 DI 133
1N432CI 10 DI 25 %
714432E 10 DI 10 88
719433C1 10 DI 20 98
724440 DI 47 43
214447 DI 670
ZN4413 DI 575
734449 DI 235
ZN441 DI 40 32

Crystals
AllIB IMHr 122
AI I 2A I 008MHs 342
AI I3A 18432MHc 288
A I I6A 2 4576Mlis 100
A169A 3 6864MH: 1 55
A120B4MHE 085
A I 32A 6Mlir 072
A140A 8MHI 100
A173A 9 8304W+. 140
A182A 19 6608MH.

207

UHF Modulators
umii I I 6MH. 217
umizata 8MHs 325

Floppy Disc
Controllers
8271P 53 33
FD1771P D5 21 25
FDI791 D6 17 00
FDI793 06 17 00
FDI795 D6 24 35
FDI797 D6 24 35
WD1691 02 12 00
WD2143 01 D2 793

Regulators
78L05
78L12
78115
7805
7812
7815
7935
7912
7915
L.14309K
LM3171(
LM323K
1.14338K
78HGA SC
78H05SC
78H I 2ASC
7136400M
78540PC

6800 Family
6800
6802
6803C
6809
6810
6821
6840
68431
6845
6850
6862
6871 Al
68488
6875
68800
68809
68821
68810
68840
68850
MC681354P

D7
D6
D3
DI
DI
D2

026
026
026
0 33
033
033
046

46
0 46
C%
I 92
458
521
8 13
628
7 10
628
250

D7 287
115 261

583
D6 7 13
DI 125
D3 I 31
DI 392

2/J 88
D5 588
D2 1 31

000
14 17

D2 578
713
430
9%
188
1 80
550
183
7 75

Z80 Family
2130A CPU D2 242
ZBOB CPU DI 778
293A CTC DI 220
28013 CTC DI 778
280A DART DI 550
280A DMA D2 695
280A PIO DI
MOB PIO DI
280 510.0 D4
280A SIO 0 D4
28013 510-0 D4
293 S10.1 DI
2E0A SIO 1 D4
2.8013 SIO 1 D4
291 SIO 2 D4
280A SIO 2 D4
2808 SIO 2 D4
MK3896
biK 38% 4

8080 Family
8085A D4
8212
8216
8224
8228
8251A D5
8253
8255A 05

220
7 78
850
900

29 78
850
900

2978
850
900

29 78
700
81:0

307
150
137
1 92
3 25
260
333
250

6500 Farnil
6502
6502A
6520
6520A
6522
6522A
6532
6532A

3
D3
DI
DI
DS
115
D2
D2

440
467
267
290
3 47
440
5 33
5 87

Linear & Interface
Devices
6402 600
AY3 1015 D2 292
AY3 1270 650
AY3 8910 D6 448
AY5 3600 D2 737
13P8304 DI 192
L203 080
1E398 317
LA4301 AN 024
LM3C6AN 073
1M3013N 0 47
1.1431IN 084
LM319 223
LM324N 032
LM339N 037
LM348N 053
LM358N 028
LM393N 034
LM72SCN I 33
LM74ICP 018
LM747CP 048
LM748CP 022
MCI413P DI 066
MC1416 DI 0.66
MC1458CPL 026
MC1495L 713
MC I496P 065
MC 1723P 032
MC3242A 525
MC3302P 0 40
MC3340P 197
MC3357P I 56
MC3423PL 067
MC344 I AP 240
MC3446AP DI 240
MC3447P 358
MC34413AP DI 332
MC3470P 5 23
MC3480P 05 647
MC3487P DI I50
MC14411 DI 852
MCI4412 11 87
NE555P 019
NE556CP 045
R03 25131. DI 782
R03 2513U DI 782
SN751078N 058
SN75110AN 068
SN751SOP 072
SN75154N 087
SN75159N 119
SN75160AN 215
SN7516 IAN 235
SN75162AN 331
SN75172NG 164
5547517354 1 21
SN75174 164
55475175 I 21
SN75182 062
51975183 062
531751813 0 14
SN75189 044
SN75451BP 0 24
53175452/38 0 24
SN75453BP 024

SN75454BP
SN75468N
SN7549 IAN
SN75492AN
11.0 I OCP
T1.06 I CLP
TL062CP
T1A64CN
TIA66CP
11.07 I CP
TI272CP
11.074CN
TL08ICP
TL082CP
TL0134CN
11.091CP
T1.092CP
TL094CN
TL487CP
TI..189CP
TL494CN
TL496CP
11-507CP
ZN450E
D445 I E
2N451KFT

0 24
1 08
0 46
061
038
028
047
089
0 28
0 28
017
091
0 24
0 41
085
041
060
137
055
055
166
0 30

1 02
5 25
638

25 65

DIL Sockets
Pin Tin Gold W/W

8 CI 10 024 058
14 0 12 028 077
16 013 032 086
18 016 032 108
20 017 01 I23
22 017 041 131
24 020 063 144
?A 023 0 57 I 59
40 0 33 099 196

ZIF Sockets
24 Pin
23 Pin
10 Pin

590
6 35
8 45

Data sheetsare
available on items

arked0
Prices are as follows
DI 075 135 250
D2 100 D6 3 00
D3 1.25 D7 400
134 200

A full range of tne
purdi. la a

tiled 01 `JO,. k and ts
haled in our FREE

,talogue

 74LS Series TTC
 4000 Series CMOS
 71 Bipolar Memones
 9900 Series He-ros
 Crystals
* IDC. Cold Edge &

D.Type Connectors
 Dip lump'.
 Mono, h tome 6

Colour Monitors
(NEC & K AGA)

 Eprom Programmers
& Era

* Custom Cable
Assemblies

Carriage Orders up to 1199 ate sent by 1 it close
post and C200+ by Sec uncor
0 6100 0 50(1001199 1 25E200+ 5 00 by Secuncor
Prices quoted ( + carnage charges) are esclusive
of VAT and are subiect to change without non. e

Quantity Discounts are available on many
products, please ring for details
Official Orders are welcome bom Educahon
Establishments, Government Bodies and Public
Companies
Credit Accounts are available to others tubtem
to status Payment is doe stactly nett by the 15th of
the month

Credit Cards ate accepted (Access and Visa) lot
telephone and postal orders and NO SURCHARGE
is made

Out of stock items will follow automatically at our
diet -robot, or a refund will be given d requested

SPEC AL TELEPHONE NUMBER FCR FAST,
IMMEDIATE SERVICE, TELEPHONE YOUR

ORDER T° DISS (0379)898751
Prices: all prices F. FREE CATALOGUE ,st to l'Acwh Corn yulee C n 71
exclude V.A.T. and Rirkinglia0 Kn.. Hiner, lay Road Rinkuighall Suffolk 1P2/ 1111

carriage. Please add I
Mane

these to your order.
All prices correct at I Addles,

time of going to press

t7`.1
= Lelephone

FREE CAREER
BOOKLET

Train for success in Electronics
Engineering, T.V. Servicing,
Electrical Engineering-or running
your own business!

ICS have helped thousands of ambitious people to
move up into higher paid, more secure jobs in the
fields of electronics, T.V., electrical engineering- now
it can be your turn. Whether you are a newcomer to
the field or already woring in these industries, ICS
can provide you with the specialised training so
essential to success.

Personal Tuition and 80 Years of Success
The expert and personal guidance by fully qualified
tutors, backed by the long ICS record of success, is
the key to our outstanding performance in the
technical field. You study at the time and pace that
suits you best and in your own home.

You study the subjects you enjoy, receive a formal
Diploma, and you're ready for that better job, better
pay.

TICK THE FREE BOOKLET YOU

ELECTRONICS
ENGINEERING
A Diploma Course, recognised
by the Institute of Engineers
b Technicians as meeting all
academic standards for
application as an Associate.

ELECTRICAL
ENGINEERING
A futher Diploma Course
recognised by the Institute of
Engineers b Technicians, also
covering business aspects of
electrical contracting,

T.V. Er AUDIO
SERVICING
A Diploma Course, training
you in all aspects of installing,
maintaining and repairing T.V
and Audio equipment,
domestic and industrial.

=M =9 OM

RUNNING YOUR
OWN BUSINESS
It running your own
electronics, T.V. servicing or
electrical business appeals,
then this Diploma Course
trains you in the vital business
knowledge and techniques
you'll need

Name

Address

ICS
ICS
Dept V273
160 Stewarls Road
London SW8 4UJ

iOe
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T.V. SOUND TUNER
SERIES II BUILT AND TESTED Complete with case. £26.50 £2 00 oRp

In the cut-throat world of
consumer electronics, one
of the questions designers
apparently ponder over
is "Will anyone notice if
we save money by chopp-
ing this out?" In the
domestic TV set, one of the
first casualties seems to be
the sound quality. Small speakers
and no tone controls are common
and all this is really quite sad, as the
TV companies do their best to transmit the highest quality sound. Given this background a
compact and independent TV tuner that connects direct to your Hi-Fi is a must for quality
reproduction. The unit is mains -operated.
This TV SOUND TUNER offers full UHF coverage with 5 preselected tuning controls. It can
also be used in conjunction with your video recorder. Dimensions: 10%,"x7Yr"x2'/,".
E T I kit version of above without chassis, case and hardware. £16.20 Plus E1.50 p&p.

Also available with built-in headphone
amp. ONLY £32.50 * £2.00 p&p.

PRACTICAL ELECTRONICS STEREO CASSETTE
RECORDER KIT OIHTATSE
ONLY £34.50 plus £2.75 p&p.
 NOISE REDUCTION SYSTEM.  AUTO
STOP.  TAPE COUNTER.  SWITCHABLE
E.O.  INDEPENDENT LEVEL CONTROLS.
 TWIN V.U. METER.  WOW & FLUTTER
0.1%.  RECORD/PLAYBACK I.C. WITH
ELECTRONIC SWITCHING.  FULLY
VARIABLE RECORDING BIAS FOR
ACCURATE MATCHING OF ALL TYPES.
Kit includes tape transport mechanism, ready punched and back
printed quality circuit board and all electronic parts. IP. semiconductors,
resistors, capacitors, hardware, top cover, printed scale and mains transformer.
You only supply solder & hook-up wire. Featured in April P.E. reprint 50p. Free with kit.

BSR RECORD DECKS
Auto -Changer model - takes up
to 6 records with manual over-
ride. Supplied with stereo
ceramic cartridge.

£12.95 plus ft 75 p&p
3 speed, auto, set -down; with
auto return. Fitted with viscous
damped cue, tubular aluminium
counter -weighted arm, fitted
with ADC magnetic head. Ideally
suited for home or disco use

£25.95 plus E1.75 p&p
Manual single play record deck
with auto return and cueing
lever. Fitted with stereo cera-
mic cartridge 2 speeds with 45
rpm spindle adaptor ideally
suited for home or disco
13"x11" approx.

£14.95 plus E1.75 p&p

SPECIAL OFFER! Replacement st. cassette
tape heads. El 80 ea. Add 50p p&p to order.
Philips st wag cartridge. E3.95 * 60P P&P.
PLINTH to wit BSR Record Player Deck
Iwith cover). Size 16'4"x 14%"x 2.". Cover
size 114Y."x 13'4"z 3irS". Due to fragile
nature, Buyer collect only. Price: E8.95.

STEREO TUNER KIT
SPECIAL

OFFER!

£13.95
 E2.50 p&p.

This easy to build 3 band stereo AM/FM
tuner kit is designed in contunction with
P.E. (July '811. For ease of construction and
alignment it incorporates three Mullard mod,
uses and an I.C. IF System. Front scale size
10'6"x21/2" approx. Complete with diagram
and instructions.

125W HIGH POWER
AMP MODULES
The power amp kit is a module for high
power applications - disco units, guitar amplif-
iers, public address systems and even high
power domestic systems. The unit is protected
against short circuiting of the load and is safe
in an open circuit condition. A large safety
margin exists by use of generously rated com-
ponents, result, a high powered rugged unit.
The PC board is back printed, etched and
ready to drill for ease of construction and the
aluminium chassis is preformed and ready to
use. Supplied with all parts, circuit diagrams
and instructions.
Accessories: Stereo mains power supply kit with
trans. £10.50. E2p8rp Mono: E7.50  E2P&O.

SPECIFICATIONS:
Mac. output power IRMS11 125 W. Operating
voltage (DC) 50 - 80 max. Loads. 4 16 ohm.
Frequency response measured (b 100 watts.
25Hz 20KHz. Sensitivity for 100w: 400mV
@ 47K. Typical T.H.D. @ 50 watts, 4 ohms:
0.1%. Dimensions: 20500 and 190x36mm.

KIT £12.00 BUILT £17.50
.f1.15 P&P E1.15 p&p.

HI-FI SPEAKER BARGAINS
AUDAX 8" SPEAKER £5.95 ( E2.20 p&p.
High quality 40 watts RMS
bass/mid. Ideal for either
HiFi or Disco use this speaker
features an aluminium voice
coil and a heavy 70mm dia.
magnet. Freq. Res.. 20Hz
to 7kHr. Imp.' 8 ohms.

AUDAX 40W FERRO -FLUID

5K Hz 22KHz Imp.: 8 ohms.
TWEETER Freq. res.:

60mm sq. £5.50 60p p&p.
GOODMANS TWEETERS 8 ohm
soft dome radiator tweeter 13/S"sq)
for use in systems up to 40W.
£3.95 ea  Et p&p. £6.95 pr of 1.50

MONO MIXER AMP
Ideal for
halls and
clubs.

£45.00
 E2 p&p.
50 Watt, six individually mixed inputs for 2
pickups (Cer. or magi, 2 moving coil micro-
phones and 2 auxiliary for tape tuner, organs
etc. Eight slider controls - 6 for level and 2
for master bass and treble, 4 extra treble
controls for mic. and aux. inputs. Size
13'4"x 6'4"x 33:" app. Power output 50 W
RMS (cont.) for use with 4 to 8 ohm
speakers. Attractive black vinyl case with
matching fascia and knobs. Ready to use.

All mail to 21B HIGH ST, ACTON W3 6NG.
Callers. Mon Sat 9.30 - 5.30. Half day Wed.
Access phone orders on 01-992 8430.
Note Goods despatched to U.K.Postal addresses only
All items subiect to avallabillty. Prices correct at
30/11/83 and subiect to change without notice.
Please allow 14 working days from receipt of order
for despatch RTVC Limited reserve the right to up
date their products without notice. All enquiries send
S A E Telephone or mad orders by ACCESS welcome

CALLERS TO 323 EDGWARE ROAD,
LONDON W2. Telephone: 01.723 8432.
15 minutes walk from Edgware Road Tube Station)
Now open 6 days a week 9 - 5.30 Prices include VAT

R

Not only will you find a wide
selection of all the usual types you
may require in our A -Z products 1st.
there are also many others niade
necessary by today's ever -advancing
electronics - lust one more example
of how much better Electrovalue
serves you

ORIC AND SINCLAIR COMPUTERS ACORN COMPUTERS
Electron £203 (£2091 £229. BBC Model
B £404 1£3571 £487. 14" Colour monitor
£228 (£2991 £319. Kenda double density
disk interlace system for beeb £139
(E125) E135. 3" Floppy disc drive £175
(E160) £190. 80 track double sided 5.25"

11111,-C111.-

drives. Single 400/800K
E250, Dual 800/1600K E455

£245 (£2301
(£420) £450.

Oric 1 computer 48K £143 (£141) f151.
Oric Colour Printer £134 (E123) £140.
New Sinclair OL Computer £495 (£455)
£475. Sinclair Spectrum 48K E131 PRINTERS
1E131) £143. Spectrum 16K £101 1E105)
£117. Microdrive E70 1E65) £75. RS232
interface £70 (E65) E75. Blank micro
drive cartridges £8 (£8) E9. 32K memory
upgrade kit for 16K Spectrum (Issue 2
and 3 only) £31 If281 £30. Fuller Master
Unit for the spectrum including speech
unit, sound synthesizer, amplifier and
joystick pod £56 (£56) £62. Fuller full
sized FDS keyboard for the spectrum
with proper space bar £52 1E52) E62.
Spectrum printer interfaces with ca-
bles:- Centronics E57 (E53) £58, RS232
£35 (E33) £38. ZX printer £41 (E40) £50.
5 printer rolls E13 (£16) £21. ZX81 com-
puter E45 (£44) £54. ZX81 16K ram
packs £28 (E25) E30.

COMMODORE COMPUTERS
Commodore 64 E204 1E184) £204. Vic
20 E104 (£97) E117. Convertor to allow
most ordinary mono cassette recorders
to be used with the Vic 20 and Commo-
dore 64: £10.95 (£11) E13. Bargain
package:- cassette convertor + com-
patible cassette recorder £37 (£38) £44.
Commodore cassette recorder E43
(E44) £50. Centronics printer inter-
faces:- for Vic 20 and Commodore 64
£45 (£44) MO. RS232 printer interface
£45 (£44) MO. 1541 Disc drive £233
(f209) E234. 1525 Printer E235 (£220)
E245. 1526 Printer £350 (f330) E360

Brother HR5 E185 (E171) £190. Epson
RX80 £3061E2711E302 Epson RX80F/T
£346 (E316) £346. Shinwa CTI CP80
£225 (£218) E248. Epson FX80 £440
If4081 £438. Epson MX100/3 £494
(E465) £495. Oki Microline 80 £213
1E197) E238. Oki Microline 84 £831.
Combined matrix printers and electric
typevvriters. Brother EP22 £173 (£1661
E186. Brother EP44 £258 (£235) E260.
Smith Corona TP1 Daisy wheel printer
E252 (E225) E255. Oric colour printer
£134 (£123) £140. Interfaces to run the
above printers from Vic and the Com-
modore 64 E45 (£44) £50. We can sup-
ply interlaces to run the above printers
from Sharp computers £58 (52) £55.

SWANLEY ELECTRONICS
The Computer Export Specialists

Dept PE, 32 Goldsel Rd., Swanley, Kent BR8 8E2, England.
Please allow 7 days for delivery.

Tel: Swanley (0322) 64851. Nothing extra to pay. All prices are inclusive. UK prices
are shown first and include post and VAT. The second price in brackets is for export
customers in Europe and includes insured air mail postage. The third price is for
export customers outside Europe (including Australia etc) and includes insured

airmail postage. Official orders welcome.

ELECTRO
Your SPECIALIST SUPPLIERS for

CONNECTORS

115,/

Please mention this journal when
getting in touch with Electrovalue

D SERIES CONNECTORS
9, 15,25, 37 or 50 way connectors with corresponding covers and retainers. Gold-
plated contacts. Max current per contact - 5A.
ID CONNECTORS
For connecting ribbon cable to PCBs. Insulation Displacement Type: 16, 20, 26, 34 or
40 way. 1A per contact. Straight or right angle plug fitting; cable socket has strain
relief.
RPC CONNECTORS
5 way and 7 way chassis plus and sockets. DIN style layout. Gold-plated pins 250V,
5A rating per socket.
OTHER TYPES
Edge connectors, DIN, lack plugs and sockets, phono, XLR, BNC, UHF and power.

BRITAIN'S LEADING QUALITY COMPONENT

SUPPLIERS -SEND FOR FREE 36 PAGE A-1 LIST
ATTRACTIVE DISCOUNTS. FREE POSTAGEGOOD SERVICE & DELIVERY

ELECTRITAWIE LTD
Phone (0784) 33603 Telex 264475
North MO Bumage Lane, Manchester (061) 432 4945
EV Computing Shop 100 Bumage Lane, Manchester (061) 431

TB St Jude's Road
Englefield Grn, Egham
Surrey TW20 OHB

AMISWOOSItia
IR

Phoned Orders

Welcome
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JAPANESE I.C.'S
We now have the largest stock of genuine
Japanese Integrated Circuits in the U.K.

Spares for most Japanese equipment.

We include the following ranges:

BA, HA, LA, LB, LC, LM,
M, MB, UPC & STK.  

For your free catalogue
send to..

M.D. MARKETING,
Freepost, Hinckley LE10 OBR

or phone
0455 633678 anytime.

A MEMBER OF THE GROUP

TRANSFORMERS EX -STOCK
Pri/Sec 0-1209x 2

VA Price
20 5.82
60 9.49

100 11.08 200
200 15.69 2 25
250 18.97 2 64
350 23.47 2.70
500 29.23 2 95
750 41.28 3.70

1000 53.00 4.00
1500 68.37 7.70
2000 82.27 510
3000 115.35 OA
6000 203.65 OA
115 or 2409 Pn 2409

MAINS ISOLATORS 50/250 or 25-0-25V 30/150 or 15-0-159
2x 151/ Tap Sec. Volts

3.4,5.6,8.9.10.12.15.
b0 18.20,24,30005-0-15V
80 30V 15V

0.5 1

2x 25VTapSecs.0/P
P&P 5,7.8,10.13.15.17,

20. 25. 30. 33. 40,
20-0-20 or 25-0-258
509 25V Price P&P
05 1 4.13 1 40
2 4 8.69 184
3 A 6 10.36 190
4 M 8 14.10 2 12
6 12 18.01 2.20
8 r 16 24.52 2.70

10 s 20 30.23 300
12 24 36.18 3 20

400/ 440VISOLATORS
to 200/2408 C.T.

VA Price
60 9.50

100 11.08
200 15.68
250 18.97
350 23.47
500 29.23

1000 52.98
2000 82.27
3000 115.37
6000 228.75

P&P
1 80
2.00
2 25
240
2 70
2 95
4 00
500

OA
OA

12/249 or 12-0-129
2x 129 S ecs . Pri.24011
12V 24V Price P&P
03 .15 2.4' 90
1 .5 3.19 1.20
2 1 4.25' 20
4 2 4.91 160
6 A 3 7 69 1 60
8M 4

1 5
120 P 6
16 8
20510
30 15
6 30 0
83 41

8.98 1 60
9.82 180

10.89 1 90
12.97 212
17.46 2.44
21.69 2.64
Ii!.45 OA
51.20 4 50

96/489 Pri. 2x 120V
Secs 2x 36/488

72/96 36/48 P&P
0.5 1 5.37 1 20
2 A

m 1792
4 .9 20

3 6 .76 4£1

5 p 10 32.23 3 20
6 12 40.26 3.50
0 16 44.03 3 75

60/309 or 300-30V
Pri 2.1209. 2. 30V
Tap Secs. Volts out 6,
8,10,12,16,18.20.24.
30.36.40,48.60.24-0-
24 or 30-0-309.
609 30V Price P&P
0.5 1 4.70 1 50
1 2 7.15 1 50
2 4 9.20 190
3

A6 13.31 200
4 M 8 15.15 2.20
5 10 19.16 2 20
6 12 21 86 2.65
8 S 16 30.72 3 00

10 20 35.76 330
12 24 41.22 350

1 2

2 4

3 6
A

4 8
5 M 10
6 , 12
8 P 16

10 s 20
12 24

20 40
15 30

INVERTERS
12/248 DC la 249V 13A skt
AC ow COO Flitted

100W £5900
250W E157.00
500W 0239.50

1000W 04100

CONSTANT VOLTAGE
TRANSFORMERS

Spilie-free stable maw
120VA £148.00
2501/0 E17969
500VA 1219.91

1kVA £338.40
2kVA £594.50
SAVA £1567.00

AVOS & MEGGERS
8 Mk 5 (latest) C140.70

9
AUTOS M

73 £78
M5 Minor £52.000

105, 115, 220. 230. 2408 DA212 LCD £98.60
DA116 LCD £140.30
DA117 Autorang1157.00
2001 LCD £91.60
Megger Gen 0114.40
Megger Batt £85.50

P&P £2.00 VAT 15*.

Price P&P
3.19 1 20
432 140
6 99 160
8.10 1.85
9.67 1.90

11.95 2.00
13.52 2.00
18.10 226
20.88 2.26
23.20 2.50
26.60 3.00
35.64 483

For step-up or down
VA Price P&P

80 4.84 1 40
150
350
500

1000
1500
2000
3000
5000

6.48 160
11.84 200
13.30 2.24
22.70 2.80
28.17 3.20
42.14 4 00
71.64 4.80

108.30 OA

CASED AUTOS

MINIATURES (SCREENS) 2409 to 115V USA

Sec V A
pri pm. socket outlets.

2°9 -2A 1"
VA Price P&P

20 7 21 50
lA x2 3.45 1.201 80 9:36 1 60

12.10 1 90
14.73 2 00
22.14 2 20
33.74 2 80
60.47 450

9-0-9 I 239 90 150
241 90 250
336 1.20 500
427 1 40 1000
2.41 90 2000
3.11 93

3.39 1.20
4.13 120
5.80 193
4.E 140
730 193
3.28

9x2 .33x2
8,9.2 .5 x2
8,9x2 IA x2
15..2 .2Ax2
124312 05
20x2 3x2
20,12,0.12.20 9
15,20.2 1A.2
15,27.2 .5x2
1527.2 lA x2
501/ 1009

WINDING SERVICES
3VA-15KVA 2 or 3 -phase

Fast delwenes
TOROIDALS

wound to spec

BURGLAR ALARM
Ultrasonic beam looks
like a speaker. £99.00.
Just plugs in. No wiring.
Loud siren. Exit/Entry de-
lays. Mains/Batt.

ELECTROSIL TR4 5%
RESISTORS C1/100

12, 33, 47. 390. 430. 510.
560. 1K, 1K1. 1K3, 1K6.
1K8. 2K 3K, 3K9 15K,
16K. 241, 27K, 391(. 56K.
82K, 100K. 110K, 120K,
130K. 150K. 200K. 220K.
270K, 300K

p&p 20p

BRIDGE RECT.
lA 4430)/ 29

EXPORT ENQUIRIES

2A 2000 52
WELCOMED

12 5A 500V 3.83 Stock items by return
35A 1009 2.30 Please add 15% VAT to
50A 100V 3.20 all items after p&p.

BARRIE ELECTRONICS LTD
Unit 211, Stratford Workshops
Burford Road, London E15 2SP
Tel: 01-555 0228 (3 lines)

TOROIDALS
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 otter a prototype service within 14 DAYS together
with a short lead time on quantity orders which can be
programmed to your requirements with no price penalty.

STEEL DISHED
WASHER

OUTER
INSULATION

SECONDARY
WINDING

INSULATION

PRIMARY
WINDING

CORE

END CAPS

NEOPRENE
WASHERS

15 VA
62 x 34nwei 0 35Kg

Regulation 19%

SERIES SECONDARY RIGS

too von. Cudent

0.010
0.011
0.012
0.013
0.014
0.015
0.016
0.017

6.6 1 25
9.9 083

12.12 063
15.15 050
18.18 042
22.22 034
25.25 030
30.30 025

(encased in ABS plastic)
30 VA

70 x 30.1110 0.45Kg
Regulation 18%

1,010
1.011
1.012
1.013
i.014
1.015
1.016
1.017

6.6
9.9

12.12
1515
18.18
22.22
25.25
30.30

2 50
1 66
1 25
1 00
0 83
0 68
0 60
0 50

50 VA
80 35rnm 0.9Kg

Regulation 13%
2.010 6.6 416
2.011 9.9 2 77
2.012 12.12 208
2.013 15.15 166
2.014 18.18 138
2.015 22.22 113
2.016 25.25 I 00
2.017 30.30 0 83
2.028 110 o 45
2.029 220 0 22
2.030 240 0 20

80 VA
90 x 20nInl 1Kg

Regulation 12%

3.010
3.011
3.012
3.013
3.014
3.015
3.016
3,017
1.028
3.029
3.030

6.6
9.9

12.12
15.15
18.18
22.22
25.25
30.30

110
220
240

6 64
4 44
3 33
2 66
2 22

1 8,
1 60
1 31
0 72
031,
0 33

120 VA
90 x 40rnm 1.2Kg

Regulation 11%

4.010 6.6 10 00
4.011 9.9 666
4.012 12.12 500
4.013 15.15 400
4.04 18.18 333
4.015 22.22 2 72
4.016 25.25 240
4.017 30.30 200
4.018 35.35 1 71

4.028 110 109
4.029 220 0 54
4.030 240 0 50

160 VA
110 x 40mrn 1.8Kg

Regulation 8%
9.9

12.12
15.15
18.18
22.22
25.25
30.30
35.35
40.40

110
220
240

5.011
5.012
5.013
5.014
5.015
5.016
5.017
5.018
5.026
5.028
5.029
5.030

8 89
6 66
5 33
4 44
363
3 20
2 66
2 28
200

45
0 72
0 66

225 VA
110 x 45mrn 2 2Kg

Regulation 7%
6.012 72.72 938
6.013 15.15 750
6.014 18.18 625
6.015 22.22 511
6+016 25.25 450
6.017 30.30 3 75
6.018 35.35 321
6.026 40.40 281
6.025 45.45 250
6.033 50.50 225
6.028 110 204
6.029 220 1 02
6.030 240 093

300 VA
110 x 5Ornm 2.6Kg

Regulation 6%

7.013 15.15 1000
7.014 18.18 833
7.015 22.22 662
7.016 25.25 600
7.017 30.30 500
7.018 35.35 4 28
7.026 40.40 3 75
7.025 45.45 3 33
7.033 50.50 3 00
7.028 110 2 72
7.029 220 1 36
7.030 240 1 25

500 VA
140 x 60mm 4Kg

Regulation 4%

8.016 25.25 10 00
8.017 30.30 833
8.018 35.35 7 14
8.026 40.40 625
8.025 45.45 555
8.033 50.50 5 00
8.042 55.55 4 54
8.028 110 4 54
8.029 220 2 77

8.030 240 2 08

825 VA
140. 75mm 5K8

Regulation 4%

9.017
9.018
9.026
9.025
9.033
9.042
9.026
9.029
9.030

30.30
35.31
40.45
15.46
5051/
55.55

110
220
240

1041
892
781
694
625
568
5 68
2 84
2 60

Why a Toroid?
Smaller size & weight to meet

modern 'slimline' requirements
Low electrically induced

noise demanded by compact
equipment.

High efficiency enabling
conservative rating whilst main-
taining size advantages.

Lower operating temperature.

Why I LP?
Ex -stock delivery for small

quantities.
Gold service available. 21 days

manufacture for urgent deliveries
5 year no quibble guarantee.
Realistic delivery for volume

orders.
No price penalty for call off

orders.

Prrces including P&P and VAT

VA
15
30
50
BO

120

Sue
0

1

2

3
4

7.43
8.08

10.10
10.81
11.73

VA Sue
160 5
225 6
300 7
500 8
625 9

12.90
16.30
18.55
25.73
3143

For 110V primary invert "0" in place of "X" in type number
For 220V primary lEuropel insert "1" in place of "X" in type numb,
For 240V primary IUKI insert "2" in place of "X" in type number
IMPORTANT Regulation All voltages quoted are FULL LOAD.
Reese add regulation figure to secondary voltage to obtain off load voltage.

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

WS4

Post to: I LP Electronics Ltd., Dept. 6
Graham Bell House, Roper Close,
Canterbury, Kent. CT2 7EP
Tel: (0227) 54778 Telex: 965780

IF'
ELECTRONICS LTD..



Low -price
robots from
POWERTRAN
- hydraulically powered
- microprocessor controlled

The UK -designed and manufactured range of Genesis
general purpose robots provides a first-rate introduction to
robotics for both education and industry.

Each robot in the Genesis
range has a self-contained
hydraulic power source
operated from single phase 240
or 120v AC or from a 12v DC
supply. Up to six independent
axes are capable of simultaneous operation and
all except the grip axis have sensing devices
fitted to provide positional control
by a closed loop system based on a
dedicated microprocessor. Movement
sequences can be programmed by
means of a hand-held controller or
the systems can be interfaced
with an external
computer via a
standard
RS232C link.

GENESIS
P101

The top -of -the -range P102 has dual speed control
enhanced memory and double acting cylinders for increased
torque on the wrist and arm joints. There is position
interrogation via the RS232C interface, increasing the
versatility of computer control and inputs are provided for
machine tool interfacing.

All Genesis robots are available either ready -built or in kit
form. The latter provides not only
extra economy but also
valuable additional
training as an
assembly project.

GENESIS
P102

HEBOT II
Turtle -type
robot

For a lisle over £100, Herbot II takes programming oft the VDU
and into the real world. Each wheel is independently controlled by
a computer, enabling the robot to perform an almost infinite
number of moves It has blinking eyes. a two-tone bleep and a
solenoid -operated pen to chart its moves Touch sensors, coupled
to its shell return data about its environment to the computer
enabling e%asive or exploratory action to be calculated

The robot connects directly to an I/O port or, via the interface
board. to the expansion bus of a ZX81 or other microcomputer

HEBOT II
Weight 1 Efkg
complete lut with assembly
instructions £95
Interface board kit £11

A real programmable robot for under £300! Micrograsp
has an articulated arm jointed at shoulder. elbow and wrist
positions. The entire arm rotates about its base and there is a
motor driver gripper All five axes are motor driven and four of
these are servo controlled giving positive positioning. The robot
can be controlled by any microcomputer with an expansion bus -
the Sinclair 2X81 being particularly suitable

MICROGRASP
Weight 8.7k 3. max. lifting
capacity 100g
Robot kit with power
supply £215.00

Universal computer interlace
board kit £57.00
23 way edge connector £3.00
ZX81 peripheral/RAM pack
splitter board £3.50

GENESIS P101
Weight 344, max lifting
capacity 1.8(g
6 -axis mode I (kit form) £750

6 -axis complete system
(kit form) £1050

GENESIS P102
Weight 36kg. max lifting
capacity 2kg
6 -axis system
(kit form)

Powertran Cortex
microcomputer
self -assembly kit £295.00

Cortex 16 bit microcomputer
Goods subject to availability. All prices exclusive of V.A.T. and cor.-ect at time of going to press.

POWIRTRAN

POWERTRAN
cybernetics lit

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3PE. TEL (0264) 64455
ALL PRICES ARE EXCLUSIVE OF VAT AND APPLY TO T,IE U K ONLY - ALLOW 11 VA VS FOR
DELIVERY OVERSEAS CUSTOMERS - PLEASE CONTACT OUR EXPORT DEPARTMENT FOR

THE NAME AND ADDRESS OF YOUR LOCAL DEALER
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TECHNOLOGY AND
UNEMPLOYMENT

THIS issue carries a feature which
describes a development of

significance to all householders; a

development which would not be
possible without modern technology; a
development which will probably mean
a reduction in jobs; a development
which could save us all money. The
feature to which we are referring is

Spot -Pricing Needs Electronics. No
mention is made in the article of job
losses, but we believe total introduc-
tion of such a system could result in
the need for fewer employees in the
electricity supply industry. This leads to
the question of job losses caused by
the introduction of new technology and
automation in general.

Of course the question has been
posed over many years and some
commentators have suggested that in-
creased sales, resulting from automa-
tion reducing product prices, will mean
similar or even greater staffing levels. It
is now becoming clear that, so far, this
has not proved to be the case. A few
years ago most companies were op-
timistic about the effects of new
technology on employment but a re-

cent survey by the Policy Studies
Institute suggests that about 30,000
jobs will be lost in the next two years
because of the use of microelectronics,
Perhaps this is one reason why unem-
ployment figures continue to rise in the
face of a gradual economic recovery.

Spot -pricing could save us a I money
but this could well be partially achieved
as a result of job losses. Does this
mean that we should not introduce
new technclogy? If we don't our in-
dustry will soon become out of step
with the rest of the world and not only
will we need import restrictions to
compete in the UK but we will lose our
export market on which we depend for
much of our prosperity. Surely it means
that we must find ways of spreading
employment to keep everyone in a

worthwhile, paying job.

RESPONSIBILITY
Since electronics must carry the

responsibility for many of the lost jobs
should the electronics industry start to
put things right by introducing a lower
retirement age and a shorter working
week? While this sounds wonderful on
paper, in practice it leads to a number
of problems, not the least being the

lack of qualified, experienced electronic
engineers. This lack of skilled personnel
will only be solved gradually with the
aid of our educational system. It must
gear itself to produce workers to fill the
demands of industry not simply to
educate for the sake of education.

However, there are areas where
something could be done now to make
room for qualified unemployed person-
nel, for instance we find it unbelievable
that doctors are able to work into their
seventies and eighties when young
qualified doctors cannot get jobs. A
compulsory retirement age for all
would start to sort out the problem and
a gradual reduction of that age would
possi ply help in the future.

The lead to a better future for all
must be set by government, not by the
industry that spawns the developments
from which the problems start. Surely
it is Letter to pay a pension than unem-
ployment benefit?

Editor Mike Kenward

Assistant Editors
Dave Barrington (Production)
David Shortland (Technical)

Technical Editor
Mike Abbott

Projects Editor
David Brunskill

Technical Sub -Editors
Richard Barron
Brian Butler

Art Editor ..ack Pountney
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Keith Woodruff
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John Pickering
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Advertisement Manager David Tilleard 01-261 6676
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Advertisement Sales Executives

Alfred Tonge 01-261 6819
Richard Willett 01-261 6865

Classified Supervisor Barbara Blake 01-261 5897
Ad. Make-up/Copy Brian Lamb 01-261 6601

Techrical and editorial queries and letters
(see note below) to:
Practical Electronics Editorial,
Westover House,
West Quay Road, Poole,
Dorset BH15 1JG

Phone: Editorial Poole 671191
We regret that lengthy technical
enquiries cannot be answered
over the telephone

Queries and letters concerning
advertisements to:
Pract cal Electronics Advertisements,
King's Reach Tower,
Stamford Street, London 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 and Binders
Copies of most of our recent issues are
available from: 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 issue required.

Binders for PE are available from the
same address as back numbers at £5.50
each to UK or overseas addresses, includ-
ing postage, packing and VAT where ap-
propriate. State year and volume required.

Subscriptions
Copies of Practical Electronics are available
by post, inland for £13, overseas for £14
per 12 issues, from: Practical Electronics,
Subscription Department, IPC Magazines
Ltd., Room 2816, King's Reach Tower,
Stamford Street, London SE1 9LS.
Cheques, postal orders and international
money orders should be made payable to
IPC Magazines Limited. Payment for
subscriptions can also be 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.

'TOP OF THE FOR
Most of us at one time or another would like to see our projects housed in
a more professional manner. Now we can do just that with a one-off
vacuum forming service from Origin Products. A heated thermoplastic
sheet is sucked over a wooden pattern forming a 'shell' facsimile of the
original.

All the items shown here were vacuum
formed using the Formech range of
machines. Two machines are available from
the company-the 300 and the 450. The
300 has a maximum material handling size
of 300mm square and 10mm deep, and is a
bench -top model. The 450 is somewhat
larger and is freestanding, its maximum
capabilities are 450mm square and
250mm deep. Both these machines can be
used directly from a standard 13A supply.
The maximum size of mouldings available

from the one-off service are the same as
those stated for the Formech 450 machine.

The materials used include high -impact
Polystyrene, ABS, PVC, Polycarbonate and
perspex. Many different colours and tex-
tures are available, 'clear' being a further
option. Origin will produce a mould from a
customer's own pattern, which must fulfil a
few basic requirements such as allowances
for release angles, etc. A detailed advice
sheet giving simple tips will be supplied by
the company on receipt of a s.a.e.

Typical prices for one-off
mouldings in 1 mm thick styrene
are 150mm x 150mm-E3.00,
300mm x 300mm-f4.50, and
450mm x 450mm-£6.00. The
machines, however, cost £950
for the 300 and £1450 for the
450. Details from Origin
Products Ltd, 10 Lambton Place,
Westbourne Grove, London W11
2SH101-221 41211.

TRACK
REPORT

A range of self-
adhesive copper
foil strips has
been launched by
Copperfoil Enter-
prises. As well as
for p.c. b. track.
repairs and modi-
fications the foil
will be of great
value in prototype
applications.

The soldering -proof adhesive bonds the
strip monolithically to all insulating surfaces
including paper. The strip conforms to BS
safety regulations and has an a.c.1d.c.
voltage rating of 24V, current 5A. Being
almost pure copper (99-999%) excellent
heat dissipation can be expected. Present
uses include alarm systems, proximity
switches, moisture detection, level detec-
tion and capacitive applications etc, etc.

Copperfoil is available in four widths:
4mm, 4.75mm, 6mm, and 8mm; prices per
33 metre roll are £2.95, £3.35, £3.95 and
£4.25 respectively, includes VAT and p&p.
Copperfoil Enterprises, 141 Lyndhurst Drv,

Hornchurch, Essex. (04020 56697).

KEYBOARDS
Membrane QWERTY keyboards 350mm
100mm 2mm and 16 -way 0-9 plus A F
keyboards 100mm 100mm 2mm are
available from Semiconductor Supplies.

These very thin keyboards consist of glass
fibre PCB's faced with a tough, attractively
colour -printed polycarbonate film. A light
touch on the film makes a silver-plated
contact.

The full-size 55 key non encoded
QWERTY keyboard has a matrix output via a
16 -pin DIL socket. On the 16 -way board con-
nections are via 17 pins (one common).

Prices: f 17.75 and f 7.90 inc VAT and
p&p. For further details contact Mr. Dennis
Cresswell, Semiconductor Supplies, Sutton.
(01-643 1126).

PANTOGRAPHIC
PLOTTER
The Reekie Technology Co is launching
a versatile drawing aid for BBC model
B micro's. Software is available on disc

or cassette. Software is presently be-
ing written for the Commodore 64,
Spectrum and the IBM/PC.

The Image Plotter allows the
reproduction of diagrams, maps and
charts etc with great precision. Even
the most irregular and complex shapes
can be enlarged or reduced in vivid
colour. Using a printer, disc or cassette
these diagrams can then be saved for
future use.

The plotter costs £49.45 inc VAT and
p&p. It comes complete with calibra-
tion sheet, detailed handbook and
software (state disc or cassette). It is
only available through mail-order at the
moment, from Reekie Technology
Company, Beaufort Road, Off Rich-
mond Road, East Twickenham, Middx.
TW1 2PH. (01-892 2877).

FORTH FIRST
In our February edition we reported on a
multitasking FORTH ROM for the ZX81, by
David Husband (now Skywave Software).
Not surprisingly, this product has been a
success and has allowed a move to larger
premises. Work in progress now includes a
multitasking FORTH I/O cartridge for the
Spectrum.

Prompted by the release of the new
FORTH -83 standard by the FORTH Stan-
dards team, David Husband has brought
forward the release of his Multi -FORTH 83
for the BBC Micro, which, naturally, in-
cludes multitasking. The product is pur-
posely priced only a few pounds above the
old 8K version associated with the early
BBC Micros, whilst featuring a performance
far exceeding those old versions. Skywave
Software, 73 Curzon Road, Boscombe,
Bournemouth BH1 4PW. 10202 302385).

Practical Electronics June 1984



POINTS
ARISING ...
STARDESK January/February '84

TR27-34 are shown correctly for the
devices used in the original unit. However,
most other manufacturers have the pinouts
in the reverse fashion. Constructors should
check the pinout for the manufacturer they
use.

Diodes D62-69 are shown the wrong
way round on the component layout.

Through board link not shown (above
R121).

R1 69 not marked on overlay and is bet-
ween S7 and S8.

The pin layout for the small signal tran-
sistors given at the top right of the layout
diagram should read "all transistors except
TR27-34".

To get the correct relationship between
slider and switches heights, the sliders are
mounted on top of the board and soldered
to short lengths of 1.2mm/18s.w.g. tinned
copper wire which itself occupies the p.c.
holes.

C34 is incorrectly shown in the parts list
as 42. It is shown correctly on the circuit
as 22µ.

The tinned copper wire reinforcement
mentioned in the text should bridge the live
bus which is on the back of the board, not
the neutral as stated. The reinforcement is
best applied at the junctions of the triac ter-
minal pins and C13/16, C35/42 with sleev-
ing between. This avoids the need to
remove the solder resist, and prevents foul-
ing of the GRP backing strip by the wire.

Note: The 1N4148 diodes supplied with
the kit have a yellow band as polarity
marker (+ve or cathode). The grey band
should be ignored.

COMPUTER TERMINAL
Feb/March '84
Some readers may wish to know that the
AY -5-2376 keyboard encoder referred to in
the article is now obsolete. The article
assumes the use of a keyboard incor-
porating its own encoder, in conjunction
with the Computer Terminal p.c.b.
However, a constructor wishing to either
build his own keyboard encoder section, or
replace an AY -5-2376 already found on an
old keyboard assembly, can use the pin -
compatible SNC KR2376, supplied by
Campbell Collins of Stevenage. (0438
69466. The i.c. costs around £10.

Briefly...
The British Amateur Electronics Club
(BAEC) is an amateur electronics club
based in the UK, helping all who are in-

terested in electronics. The key to the\
club's success lies in their quarterly
Newsletter which contains many
pages of circuits, advice, letters, news
and exchanges etc. The club was
formed in 1966 and now has many
members from beginners to experts in
all parts of the UK.

Membership for UK and Eire mem-
bers is £5.50, overseas £7.00 1E8.50
air -mail). For details contact: The
BAEC Hon. Sec. Mr Margetts, 113
South Rd, Horndean, Hants P08 OER.

The long-awaited breakthrough has finally
been made. Using the latest silicon technology.
over one million transistors can be crammed
into one chip.

At the International Solid -State Circuits
Conference in San Francisco I -Mbit dynamic
RAMs were on display. Made by Hitachi Ltd.
these chips are organised as I M by 1 bit and
can be squeezed into an I8 -pin package.

Silicon News Corner
Motorola I Fast new HMOS 16K -bit static
RAM (16K x 1) is the MCM2 I 67H.
0 Fast new 16K -bit static RAM (2048 x 8) is
the MCM2016H.
0 Extensive new line of RF power MOSFETs
(5W -125W (a 150MHz) using TMOS.
Designated MRFI 34, MRF136, MRF171,
MRFI72 and MRF174.

MC3412/3512 is a high speed 12 -bit DAC
which minimises external adjustments.
 New series plastic Schottky rectifiers to
240A. These are: MBR20035CT and
M BR20045CT.

 New 8 -bit HCMOS µ13 incorporating
EEPROM and ADC. Type MC68HC I I.
0 New 8 -bit µP has 96 bytes RAM. 2K ROM
plus EEPROM, called MC6805K2.
 New CMOS 8 -bit ADC is the MC 14442.
AP compatible.
0 400V transistor opto-couplers MOC8204.
MOC8205 and MOC8206.
0 Three -volume data book set, covers all
CMOS devices.
Motorola Ltd.. European Literature Centre.
88 Tanners Drive. Blakelands, Milton Keynes
MKI4 5BP.

kurvilutri  
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.
Biotech Europe May 15-17. Wembley Conf. Cntr., London. 0
DEC User May 15-17. Cunard Int. Hotel, Hammersmith, London. QI
Micro City May 15-17. Exhibition Complex, Bristol. F3
EXPO 84 (West Midlands) May 26 -June 3. N.E.C. J4
Energy Management & Control May 29-31. W3
Scotelex June 5-7. Royal Highland Exhibition Halls, Ingliston,
Edinburgh. 05
IBM System User Show June 12-14. Wembley Conf. Cntr., London. 0
Computer Fair June 14-17. Earls Court. K2
Qualex June 19-21. Corn Exchange. Brighton. D4
Compec North June 19-21. Belle Vue, Manchester. K2
Surface Treatment & Finishing Show June 25-29. Birmingham. M
OMee Automation Show June. Barbican. London. TI

Leeds Electronics July 3-5. University. E
Networks July 3-5. Wembley Conf. Cntr., London. 0
Cable July 10-12. Wembley Conf. Cntr., London. 0
Laboratory Sept. 4-6. Barbican, London. E
Testmex Sept. 11-13. Grosvenor Ho. Pk. Lane, London. E
Personal Computer World Show Sept. 19-23. Olympia 2, London. M
Building & Home Improvement Sept. 25-30. Earls Court. London. M
Computer Graphics Oct. 9-11. Wembley Conf. Cntr.. London. 0
Software Expo Oct. 16-18. Wembley Conf. Cntr., London. 0
Drives, Motors & Controls Oct. 24-26. Harrogate Exhibition Cntr.
Computers In The City Nov. 20-22. Barbican, London. 0
Data Security Nov. 20-22. Barbican. London. 0
D4 Network tr 0280 815226
E Evan Steadman f 0799 26699
F3 Tomorrow's World ( 0272 292156
J4 N.E.C. Birmingham 021-7804141
K2 Reed Exhibitions, Sutton, Surrey
M Montbuild 01-486 1951
0 Online f 01-868 4466
05 Institute of Electronics ( 0706 43661
QI W.P. Association ( 01-242 8697
TI Cahners ( 0483 38085
W3 MCM Publishing 01-231 1481
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4001 PULSE:NER::-.P0V.
or ...a 110 SYNC na/I

NMI
The GSC range of logic probes have been designed to simplify the
troubleshooting of digital circuits. All four probes shown here are powered
from the circuit under test. The LP1 probe combines the functions of a
level detector, pulse detector, pulse stretcher and pulse memory. The unit
responds to 5Onsec pulses at up to 10MHz. The LP2 is a basic probe for
applications where high speed and memory are not required. The LP3 is
for high speed troubleshooting and is capable of capturing pulses as
narrow as 1Onsec or pulse trains over 50MHz. The LPK1 is a kit probe
which is suitable for lower speed logic systems. The 4001 pulse generator
can drive up to 40 TTL loads and has four modes: run, triggered, gated
and one shot. Prices: LP1 £39.67, LP2 £24.15, LP3 £61.52, LPK1
£16.67, 4001 £184. GSC (UK) Ltd, Unit 1, Shire Hill Industrial Estate,
Saffron Walden, Essex. 10799 216821.

TEST INSTRUMENTS

The Hameg 605 is a dual trace 60MHz oscilloscope with a built-in
component tester for checking either single components or for in -
circuit testing. Triggering is possible up to 80MHz and it is possible
to display two unrelated time signals at one time. Small sections of
signals can be analysed using a sweep delay feature which allows
'X' expansion of 1000 or more. A built in delay line permits viewing
of the trigger leading edge. The HM 605 is priced at £560.00 and
is available from Hameg Ltd., 74-78 Collington Street, Luton,
Beds. (0582 413174).

14

At some time during the building or
testing of an electronic circuit
there will always be a need for test
equipment. Whether it is just a
simple logic probe or an oscillo-
scope, test equipment can make
the troubleshooting of circuits both
easier and more interesting.

In this buyer's guide we have
chosen an interesting cross
section of instruments to cover
most applications.

Further information and com-
plete specifications on all models
mentioned can be obtained from
the addresses shown. Please note
that all the prices shown include
VAT but not p&p or carriage.

The TG 105 from Thandar is a 5Hz to 5MHz pulse
generator. The unit operates over 6 overlapping decade
ranges with a separate vernier providing continuously
variable control within each range. Run, gated, triggered,
squarewave, complement or one shot modes are available
and the output amplitude is switch selected over two
variable ranges (0.1V to 1V and 1V to 10y). The TG 105 is
priced at £120.75. Audio Electronics, 301 Edgware Road,
London. (01-724 3564).
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The PFM 200A is a pocket sized counter with an 8 -digit
l.e.d. display covering a frequency range from 20Hz to
200MHz using two ranges. Resolution for the unit is down
to 0.1Hz and the sensitivity is typically 10mV r.m.s. Battery
life, depending upon range and display, is around 10 hours.
Two prescalers (up to 600MHz and 1GHz) are available as
optional accessories. The PFM 200A is priced at £79.93
and is available from Audio Electronics, 301 Edgware
Road, London. (01-724 3564).

The TG303 function generator produces sine, square,
triangle, pulse, sawtooth ramp and asymmetrical sine
waveforms over the frequency range of 0.02Hz to 2MHz.
A d.c. offset can be superimposed on the output signal. The
TTL output is a fixed amplitude square or pulse waveform
with a fast rise time able to drive up to 20 TTL loads. The
unit has a 6 -digit frequency counter that can be switched to
measure the frequency of the generator or an external
source up to 10MHz. A CMOS output variable from 5 to
15V is also available. The TG303 is priced at £224.00 and
is available from Level! Electronics Ltd., Moxon Street,
Barnet, Herts. (01-440 8686).

A

The DB242 general purpose oscilloscope is a portable unit which
has been designed for educational, service and hobby use. Sen-
sitivity can be varied f -om 5CmV/cm and sweep speeds varied bet-
ween las/cm and 0.2s/cm using calibrated switch positions. A
cheaper single trace version the Bridage 5B121 is also available
and its general specification is similar to the DB242 but without
the twin channel facility. The DB242 is priced at £25875 and the
SB 121 at £22425. Bridage Scientific Instruments Ltd., 63/65
High Street, Skipton, North Yorkshire. (0756 695111.

The TM12 measures the characteristics of bipolar transistors,
diodes and Zeners. Current gains are checked at collector currents
from 1pA to 100nA. Breakdown voltages up to 100V are
measured at currents of 100, 100mA and 1 mA. Leakage currents
down to 0.5nA are -measured from 2V to 150V. The collector to
emitter saturation voltage of the transistor is measured at collector
currents of 1mA, 10mA, 30mA and 100mA for Ic/lb ratios of 10,
20 anc 30. The instrument is powered by a 9V battery. The TM12
is priced at £207.00 and is available from Level! Electronics
Ltd., Moxon Street, Barnet, Herts. 101-440 8686).

The TG101 'unctioi generator covers the frequency range-mil' t 0.02Hz to 200kHz in five overlapping decade ranges with a

lc ,,1110 .
Mho

.

vernier fine adjustment. The input impedance is 10k0. The
output level of the three operating modes: sine, square and

7 triangular, is adjustable from 0 to 5 volts pk-pk into 600
4011 ohms. There is also a TTL output which is capable of driving

us up to 20 standard TTL loads. Priced at £120.75 the TG101
is available from Audio Electronics, 301 Edgware Road,
London. (01-724 3564).
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TEST INSTRUMENTS

The D Range of power supplies from Farnell includes: the
D30-2 a 30V(24) single output unit, the D30 -2T a 30V(2A)
dual output unit, the D30-4 a 30V(4A) single output unit, and
the D100-1 100V(1 A) single output unit. Output voltages on all
the models are variable from zero. Current control is con-
tinuously variable from 1% to 100% of maximum rated output.
These models will measure external voltages (39.99V) max on
30V units and 399.9V max on 100V units). Prices, respectively
are: E 159-85, £31395, £28980 and £28405. From Farnell
Instruments Ltd, Sandbeck Way, Wetherby, West Yorkshire
LS22 4DH (0937 61961).

The Soar FC-841 Frequency Counter is capable of measuring fre-
quencies from 10Hz to 50 MHz. The instrument has a 4 digit
10mm I.e.d. display and is battery powered. A feature of this unit is
the range switch, which allows up to a 7 digit accuracy. Input im-
pedance is 1 Mohm plus stray capacity, input sensitivity being
60mV. Oscillator stability is 1 .5p.p.m. (00015%). Supplied with
batteries this counter is priced at £4990 and is available from
Maplin Electronic Supplies Ltd, 159-161 Kings Street, Ham-
mersmith, London W6 (01-748 0926).

OSCLIOSCOPE V 212 0111111

The Hitachi V-212 20MHz oscilloscope is a dual trace unit with an
internal graticule to eliminate parallax errors when measuring
waveforms. The output of channel one is provided to enable voltage
measurement using an external frequency counter. The sweep time is
from 0.2µs/div to 0.2s/div in 19 calibrated steps and the scope is sup-
plied with two probes ( x10). The V-212 is priced at £33925 and is
available from Thurlby-Reltech, New Road, St. Ives. Huntingdon,
Cambs. PE1 7 4BG (0480 63570).

. -

1.; 40- ,

FREQUENCY COUNTERS HIGH PERFORMANCE
HIGH RELIABILITY
LOW COST

Ex -Stock Delivery

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

* Measuring typically 2Hz - 1.2GHz
* Sensitivity <50mV at 1GHz

* Setability 0.5ppm

High Accuracy

* 3 Gate Times

PRICES (Inc. adaptorIcharger, P h P and
METEOR 100 (100MHz) £104.36

METEOR 600 (600MHz) £134.26

METEOR 1000 (1GHz) £184.86

* Low Pass Filter

* Battery or Mains

* Factory Calibrated

* 1 -Year Guarantee

* 0.5" easy to read L.E.D. Display

VAT)

Illustrated colour brochure
with technical specification
and prices available on request

Designed and
manufactured
in Britain.

Black*Star BLACK STAR LTD (Dept. P.E.), 9A Crown Street, St. Ives,
Huntingdon, Cambs. PE17 4EB, England.
Tel: (0480) 62440 Telex. 32339
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HM 103
Single Trace

2mV - 20V1cm
10MHz Bandwidth
Component Tester

£158

1?  fee
co 1...

HM 203.4
Dual T -ace

2mV - 20V/cm
20 MHz Bandwidth

Algebraic Add, Invert
b

:711
f 0 . -Y

law Component Tester

£264

Et
13

2

HM 204
Dual Trace

2mV - 20V/cm
20MHz Bandwidth

Algebraic Add, Invert
Variable Sweep Delay

Variable Hold Off
Peak Auto Trigger to 50MHz

X -Y
Singie Shot

Z Mod
Component Tester

£365

HM 605
60MHz Bandwidth

5mV - 20V Sensitivity at 60MHz ID
1mV Sensitivity at 30MHz [3

Timebase Range 5ns - 2,5s/cm 2
Reliable Triggering to 80MHz 2

[2. Normal and Peak Value Triggering El'
Alternate Triggering 2

Variable Sweep Delay 2
14kV Rectangular CRT Et

Y - Output [2
lkHz/1MHz Calibrator 2

Component Tester 2

Prices U.K. list ex. VAT £487
For free data sheets of the full range contact:

HAMEG LTD. 74-78 Collingdon Street, Luton, LU1 1RX. Tel: (0582) 413174 Telex: 825484

The 2001 sweeps the board
at only 8140

 price excluding P&P and 15% VAT

GLOBAL SPECIALTIES CORPORATION

G.S.C. (U.K.) Limited, Dept 5HH,
Unit 1, Shire Hill Industrial Estate,
Saffron Walden, Essex CB11 3AQ
Tel: Saffron Walden (0799) 21682 Telex: 81477

Get all the waveforms you need -1 Hz to -1 MHz in five
overlapping ranges: stable, low -distortion sine waves,

fast rise/fall-time square waves, high linearity
triangle waves - even a separate TTL square

wave output. Plus high- and low-level
main outputs.

An applied DC Voltage at the Sweep input
can shift the 2001's frequency: or sweep

up to 100:1 with an AC signal.
A pushbutton activates the DC Offset control,

which shifts the output waveform up
or down on command.

For value for money the 2001 sweeps the rest off the board.
For immediate action - The G.S.C. 24 hour, 5 day a week service

Tel: (0799) 21682 and give us your Access, American Express, Barclaycard
number and your order will be it the post immediately or just clip out the coupon.

GOODS DESPATCHED WITHIN 48 HRS

Global S alties Corpo-ationa (UK) Limited Dept 51-1H,
Unit 1, Shirec Hill Industrial Estate, Saffron Walden, Essex CB11 3A0

I Model 2001 Sweepabte T£164.45 (inc. P&P Onty For FREE catalogue

I
Function Generator and 15% VAT) Regd. tick box

Name Address

1
I

I

I enclose PO/Cheque 'or £ or debit my
LBarclaycard/AccessiAmerican Express No

mm mm Elm mm mm mm Elm
exp date
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The ALT -A1 PP241 is a regulated variable power supply unit with overload
protection. Simple switching enables the meter to read either voltage or
current. There are two voltage ranges OV - 12V and 12V - 24V, stability is
within 0.75%. Two versions of this unit are available with different output
ratings: the PP241 (1A) and the PP243 (3A), they cost £32.20 and £48.30
respectively. Available from Semiconductor Supplies International Ltd.,
Dawson House, 128/130 Carshalton Road, Sutton, Surrey (01-643 1126).

Global's 3002 Auto -ranging
Capacitance Meter provides
direct readings from 1pF to
19,999µF. A dual threshold
measurement technique
eliminates reading errors
due to dielectric absorption.
Capacitance in cables,
switches and other electric
components can be
measured by using d.c.
charging characteristics to
determine true capacitance.
Priced at £165.60. From
Global Specialties Cor-
poration (UK) Ltd., Shire
Hill Ind Est, Unit 1 & 2, Saf-
fron Walden, Essex CB11
3AQ (0799 21682).

The Global 1301 is a fully regulated
triple -output power supply. Features in-
clude a fixed 5V (1A) output and two in-
dependently variable 5V -18V (0.5A)
outputs. It is possible to link the outputs
to increase the output range. Built-in
current limiting circuitry protects
against short circuits. The front panel
meters allow current monitoring up to
I A and voltage up to 20V. Price
£182 .85, from Global Specialties
Corporation (UK) Ltd., Shire Hill Ind
Est, Saffron Walden, Essex CB11 3AQ.
(0799 21682).
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The 4500 transistor tester simplifies and speeds up the task of checking
the p.n. junctions of discrete semiconductors, in or out of circuit. This
lightweight hand held device features a series of I.e.d.s, which indicate the
junction status. PNP or NPN transistors, diodes and open or short circuit
junctions can be identified with parallel circuit values as high as 270 ohms
or 33 microfarads. Price £18.40 from Osborne Electronics, Binstead
Road, Ryde, Isle of Wight (0983 63622).

The PR 651 is a regulated power supply, OV to 18V at
1.5A. Both voltage and current can be read at the same
time. The unit features circuit protection to minimise
constant current/voltage output drift. Also available is
the PR 653, this is a 0 to 35V at 1.5A supply with the
same characteristics and features. Prices respectively
are £212.75 and £228.85. From House of
Instruments, Clifton Chambers, 62 High Street, Saf-
fron Walden, Essex CB10 1 EE (0799 24922).

The Chinaglia CP570 capacitance meter can accurately identify any
capacitor within its range. An up to date meter suspension system is
incorporated along with a shockproof ABS case. Both the test probes
and the sockets in which they engage are designed to reduce contact
resistance and wear. Five ranges can be set from 0 to 0.5pF, ac-
curacy is within 3% of reading. The CP570 is priced at £51 and is
available from Alcon Instruments Ltd., 19 Mulberry Walk, London
SW3 6DZ 101-352 18971.
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A BRITISH MADE OSCILLOSCOPE AT AN AFFORDABLE PRICE
The new Bridage single and dual trace oscilloscopes.

Single beam £195 Dual trace £225
* Send for details today *

Agents and distributors required worldwide.

Bridage Scientific Instruments
63-65 High Street. North Yorkshire BD23 1EF.

Tel: (0756) 69511 (10 lines)

Manufactured in association with Scopex Electronics Limited

Add 8 channels to your 'scope
New Thurlby 0M358 multiplexer £169.vd-
The Thurlby 0M358 gives any oscilloscope an 8 channel display. Observing
many waveforms similtaneously can be essential when analysing sophisti-
cated equipment. Application areas include microproizssor based products,
data transmission systems, A to D converters, frequency synthesizers etc.
The 0M358 is ideal for digital equipment (it can oftei solve problems that
would otherwise need a fast logic analyser) but, unlile dedicated logic test
instrt.ments, it is equally suited to analogue waveforms.
The 0M358 has a bandwidth of 35MHz and 3% calibration accuracy. Each
input has an impedance of I MS/ - 20pF and accepts signals up to ± 6V. An 8
channel, 4 channel, or single channel display can be selected with triggering
from any channel. Colour data sheet with full specifications available.

IliThurlbyle3 TNhewurlRbyoaEdl,escttriovneiscscLatmd 0M358 with two BNC
cables £197.80

designed and built ,n Brita n PE17 4 BG Tel: (0480) 63570 (inc P & P and VAT)
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A Healthy Pulse Rate
*El 60 for 05Hz to 55111z

price excluding P&P and 15% VAT

Here's a precision digital pulse generator with
fast rise and fall times covering 0.5Hz to

5MHz in five overlapping ranges.
With pulse width and pulse spacing each
independently variable from 100 nsec to

1 sec for al amazing 10':1 duty cycle range.
You'll find the 4001 delivers the pulse

modes you need: Continuous, One -Shot,
Triggered, Gated, Square Wave,

even a Complement mode. The Trigger/Gate
input, 50 ohm variable output, TTL-level

output and Sync output connectors are BNCs.
The 4001. A specification to get your pulse racing.

For immediate action - The G.S.C. 24 hour, 5 day a week service
Tel: (0799) 21682 and give us your Access, American Express, Barclaycard

number and your order will be in the post immediately or just clip out the coupon.

GLOBAL SPECIALTIES CORPORATION

G.S.C. (U.K.) Limited, Dept 5GG,
Unit 1. Shire Hill Industrial Estate,
Saffron Walden. Essex CB1 1 3A0
Tel: Saffron Walden (0799) 21682 Telex: 81477

GOODS DESPATCHED WITHIN 48 MRS

rGlobal Specialties Corporation (UK) trnited Dept 5GG.
Unit 1. Shire Hill Industrial Estate. Saffron Walden. Essex CB11 3A0

I

I
Model 4001 Ultra Variable

Pulse Generator
£168.60 (inc. P&P
and 15% VAT)

Qnty
Reqd.

For FREE
catalogue
tick box

Name Address

I enclose PO/Cheque for £ or debit my
LBarclaycard/Access,American Express No exp date- ism
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TWO FABULOUS OFFERS FROM

The incredible 'MINI 20'
28 ranges
201(11/V d.c. & 4811/V a.c.
(With protective fuse)

Accuracy: 2% d.c. and resistance,
3% a.c.
28 ranges: d.c. V 100mV, 3V, 10y,
30V, 100V, 300V, 600V. d.c. 150µ4,
600µA, 6mA, 600mA. a.c. V 15V,
50V, 150V, 500V, 1500V. a.c.
130mA, 300mA, 3.0A. Ohms 0-
2k0, 0-2Ma dB from -10 to +62 in
6 ranges.
Dimensions: 105 x 130 x 40mm.

The 28 ranges cover all likely re-
quirements. Operation is straight-
forward, just turn the selection
switch to the required range.

This special offer is a wonderful
opportunity to acquire an essen-
tial piece of test gear with a sav-
ing of nearly £10.00.

THE IDEAL INSTRUMENT
FOR THE CONSTRUCTOR

X20-

V

rn:x

AE In

Iv

ONLY £21.60
(complete with carrying case, leads and instructions)

'SUPER TESTER 50
THE PROFESSIONAL SOLUTION

TO GENERAL MEASUREMENT PROBLEMS

* 50KII/V
AC AND DC

* 39 RANGES
* FOOL -PROOF
FITTED WITH PROTECTIVE DI-
ODES QUICK ACTING 1.25A
FUSE & RESETTABLE CUT-OUT

Accuracy: d.c. ranges and If 2% a.c. 3% (off.s.d.)
39 ranges: d.c. 150mV, 1V, 3V, 10V, 30V, 100V, 300V, 1000V;

d.c. 1 20µA, 100µA, 300µA, 1.OmA. 3mA, 10mA,
30mA, 100mA, 1A, 3A.
a.c. V 10, 30V, 100V, 300V, 1000V;
a.c. 1 3mA, 10mA, 30mA, 100mA, 1A, 3A.
Ohms 5kfl, 501(11, 500kli, 5Mfl, 50Mfl.
dB from -10 to +61 in 5 ranges.

Dimensions: 105 x 130 x 40mm.
The best instrument for the workshop, school, toolbox, TV
shop and anywhere accurate measurement is needed quickly
and simply.

(complete with carrying case,
leads and instructions) ONLY £36.30

PRICES Our prices include VAT and postage and goods are normally
despatched by return.

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

alatg(VM Instruments Ltd.
19 MULBERRY WALK LONDON SW3 602  TEL 01-352 1897  TELEX: 918867

rAUDIO ELECTROnICe
al COMPUTERS  COMMUNICATIONS  TEST EQUIPMENT  COMPONENTS N.

VISIT OR PHONE  OPEN 6 DAYS A WEEK  ALL PRICES INC VAT

STEREO TUNER/AMPLIFIER
4 wave -band stereo loaner amplifier
by GEC MW/LW/
SW/stereo FM radio
10 10 walt stereo
amplifier Inputs lor PU
tape in/out Supplied as hoe
assembled units

£21as illustrated
- easy to connect IUK C, P El 501

CASSETTE
MECHANISMS
Fined counter motor record
and erase heads solenoid iY"
etc Brand new available 61
OC or 12V DC Istale which rim rac 101(

LaVij C/P6591

TOROIDAL
TRANSFORMER
100 walls I .elation 230/240 V AC
plus B 0 134 4A 15 0 150 0 645A 300
0 16A Size approc 4 dia a I

E7.9510K C,P 75p1

DIGITAL MULTIMETERS
Hand Held Models
All feature AC/DC volts.
DC Amps [Many with
AC Amps' Ohms etc
IUK C,'P 65p1

Controls S Slide
R Rotary PB Push Button

K D25C  I? range 02A DC 2 likg ohm 1St E26.95
K0305  14 range 10A DC 2 Meg ohm IS1 £27.95

030C  26 range IA AC DC 20 Meg ohm Oil £33.50
METES 3000s 30 range IDA AC, DC
20 Meg ohm 'HI £37.95
6010 M28 rangelDA AC DC 20 Meg ohm ipH) £37.96
1(055C  28 rangelOA ACS OC 20 Meg ohm !RI £39.95
K0615 M 113 range IDA DC 2Meg ohm
Plus HFf tester 161 £39.95
7030  As 9)11)but 0 lc basic IP81
DM3350  humane plus Coot Tester
18 ranges 10A AC DC 2 Meg ohm Al1 £49.95
Bench Models IUK C P El DOI
TM355 3 Digit 29 range LED IDA AC,DC
20 Meg ohm £97.75
TM356 3 Oigit 27 range LCD 10A AC/DC
20 Meg ohm E109.25

ASTEC UHF MODULATORS IUK
L1M1 233 cased for comput ors etc £3.50 C P 4001

MULLARD MODULES IUK C/P
65p per I 31

LP1 1 71 IF and LPI 1 79 Ale FM Tuner pr E5.75
LPI 186 Viricap Tuner £5.00
tP1157 AM Tuner £2.50

GENERATORS IUK C PCI001
15617 Hf 100101210 150MHI
'Up l0 450MHZ Harmonics1 610925
$6402 Rf IDOKHZ to 30MHZ £82.801
A6202A Audio Stne/Square 2081 to 200Kit/1E102.35
LA627 Audio sine Square 10111 to I MHZ £106.95

PRESTEL
ADAPTOR 3 card set
with data etc (Pi S 170

and .501 £69.96 inc VAT

MODEM CARD
BT approved ready assembled
unit with data and
accessories £29.95 inc VAS f.5.95

QWERTY KEYBOARDS
511 and 170 suitable Kylka
P. S £8.95
69605
69585

its ..........
Exclusive Special
Purchase compact hall Oleo 64 keys plus 5 function
keys ve/ve strobe ASCII Sul all definable steel
Irame all lacililieS UK p CI 00E35.00

69 key ASCII. General purpore steel Wale
Redelinable output S and -120 supply neg strobe
pulse 4 user definable keys.
SMII & control key etc £42.95

IUK C/P 85pI

MULTIMETERS luk C/P 6501
MC6015 I 5 range pocket 10Kr Volt use
M200 30 range 20K Volt Many leahsres
201(HZ Ilisl 121 apt £9.95
HMI 0211727 canoe 201( Von 108 DC

Pius corn Buzzer 10 *palm El 3.50
TMK500 23 range bench 30K /Volt De luxe
I 2A DC plus cent Buzzer 20 Meg ohm E23.95
11145611 22 range 10K Volt 6 Peg ohm E11.95
830A 26 range 30K Volt 10 AC. OC
10 Meg ohm E23.95
1113607R 19 range 20K Volt plus HEE tester
I Meg ohm £13.95
ST303TR 22 range 20K. Volt plus HIE tester
I 2A OC 1 Meg ohm £17.95
KRT5001 Range doubler 35 ranges
50K/Volt IDA DC 20 Meg ohm E19.95

HIGH VOLTAGE METER
ClirK1 reading 0 40 KV

KIK Volt [25.30 IUK CF71161111111/

DIGITAL CAPACITANCE
METER IHKP 650
a I pf to 2000 mid LEIB ranges
DM6013 659.95

I.T.T. 2020
CABINET
Notational
Computer Cate

18 *15'. 'KO,"
Wont slopeal At praglawalg advertised

£27.50 Inc VAT IUeC PC2501

40***

sitvpooi a E lam

NPRI

THERMAL MATRIX

COMPLETE WITH FULL HANDBOOK 3 SOUS PAPER

Us post etc CI 054
itial Mimes 11871 £49.95.4,,
SUITABLE FOR TAROK  BBC iRIC  NASCOM GEMINI.
ACORNIM 0/11HAIN DRAGON etc etc 'Interlace unit
with Made £13 hale math 'your enquiries inigiedl

STOCKISTS FOR Frequency counters Signal generators
Power supplies Plus huge ranee or components tools
accessories and parts for caller.
Send large SAE for Ioliets

CHERRY ADD-
ON KEYPAD
16 button
pad non
encoded

models
with

carry
case

E47.50

TRANSISTOR TESTER
Meter reading NPR/PAP Me and leakage
also diode lest  -

E28.96 IUK C/P 6501

OSCILLOSCOPES
Specifications any model.
send SAE

Single Trace IUK C. P C3 501

3030 15M111 5ro0 plus components
tester ICrotechl
HM103 10MHZ 2mV plus components
tester flUmegi
SCIIOA  10M HZ batter y portable
(Mender'
Carry case C684 AC Adaptor C799
Dual Trace IUK C PC4501
c41562A IOMHZ wily 2 probes 'Trial
HM203 ?OMNI plus components tester
IHamegl
3132 20MHZ plus component comparator
ICrotechl
CS1566A
?OMNI with 2 probes Ono! 6374.90
HM204 20MHZ sweep delay plus component
letter 114megl £419.75
V212 20MHZ with 2 probes IHIlachil £385.25
V2173f 20MHZ sweep delay with 2 probes
iHtachil £431.25

£177.10

£181.70

£189 75

£299.95

[303.60

£325.45

OPTIONAL PROBE KITS
01 - £7.95. X10 £9A5. X1/010 - £11.50

HEIIRYS Shop at
404-436 Edgware Road. London. W2
Computers 01 402 6822 Equipment 01 724 0323
Components 01 723 1008

'*- AUDIO ELECTROnICS Shop atc Bowe
CLISII VISA so 301 Edgware Road. London. W2

r er
Test Equipment. Audio Communications 01-724 3564

wee: ase.

10, %v.....

ORDER

BY

POST
OR

PHONE.

Details
any model
send S.A.E.

All mall to

Cobepate Ltd
let floor

406 Edgware Road.
London. W21E0
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Polar T1000 converts a standard oscilloscope into an in -circuit
component tester/curve tracer. It features automatic plotting and
comparison of semiconductor characteristics. Produces a Lissajous
signature for any combination of component elements, be they
capacitive, inductive, and/or resistive. Allows swift comparisons
and trouble shooting of unpowered boards, possibly without
knowledge of the circuit. Usage is as much an art as a science, with
applications yet to be discovered. Oscilloscope must have timebase
switch -off with X input. Price £373.75. Available from Antron.
(0428 54541). Note: Antron is offering a £50 discount on submis-
sion of a "Bazaar" coupon as proof of PE readership.

Hy-Trak 100D high resolution digital meter for p.c.b. short circuit
location and measurement of resistances below the range of stan-
dard multimeters (20m(2 f.s.d.). Audio tone or meter reading in-
dicates the position of the short. Has d.c. injection facility to pre-
vent decoupling capacitors from introducing a "false short," and
the Hy-Trak range ensures that shorts between voltage planes are
detected. Price £249.17 (£224.25 c.w.o.). Available from
Omnitest Ltd., Highcliffe Hot. se, 411-413 Lymington Rd.,
Highcliffe, Christchurch, Dorset BH23 5EN. (04252 77731)

Grenson BPU-4 bench power supply has three variable
outputs: +3 to +8V (a 2.5A +8 to +16V (a 500mA and -8
to -16V (a 500mA. Outputs are highly stabilised and fully
protected against long term overload, short circuits and the
injection of an external voltage. Voltage and current are in-
dependently monitored. Price £59 kit (£98 assembled).
Available from Grenson Electronics Ltd., High March,
Daventry, Northants N11 4HQ. (0327 705521)

Polar Toneohm 580 is a sensitivity adjustable current tracer
which can "sniff" out short circuits and partial shorts (up to 2000)
with a non -contact probe. Source and sink clips introduce a safe
current path through the populated, but unpowered board under
test. A pitch variable whistle gives audible indication of the short's
proximity. The 580 can also isolate faulty i.c.s. Price £193.20.
Available from Antron Electronics, Hamilton House, 39 Kings
Rd., Haslemere, Surrey GU27 2QA. (0428 54541). Note: Antron is
offering a £25 discount on submission of a "Bazaar" coupon as
proof of PE readership.
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Digimax 500 series frequency counters offer an accuracy of 1 p.p.m.
Measuring only 135 x 128 x 40mm separate models cover ranges of
10Hz to 512MHz and 50Hz to 1GHz with resolutions of 1Hz and
10Hz respectively. Powered by rechargeable battery pack or mains
adaptor. Input sensitivities of 15 to 50mV at input impedance of 500.
Price £217.35 (model D-510 shown). Available from Aspen Elec-
tronics Ltd., 2-3 Ki dare Close, Eastcote, Ruislip, Middlesex HA4
9UR. (01-868 1188)



Meteor 1000X 5Hz to 1GHz precision frequency counter has tem-
perature compensated crystal. Sensitivity is <50mV at 1 GHz. Stability
is +0.5 p.p.m. at -10°C to 40°C with aging at ±1 p.p.m. per year,
and stability of +0.2 p.p.m. Battery or mains powered. Trigger level
control. Three gate times: 0.1 sec, 1 sec and 10 sec. Price £258.75.
Available from Black Star Ltd., 9A Crown St., St. Ives, Huntingdon,
Cambs PE17 4EB. (0480 62440)

Altai PP154 variable stabilised PSU with overload
protection, ranges from 5-15V d.c. output at 4A.
Stability is 0.1% with ripple confined to 5mV. Meter
reads voltage or current (switched). Price £46. Available
from Semiconductor Supplies International Ltd.,
Dawson House, 128/130 Carshalton Rd., Sutton, Surrey
SM1 4RS. (01-643 1126)

22

Pantec PANB022 is a 20MHz dual trace oscilloscope with
built-in component tester. Incorporates add and invert, alternate
or chop 200kHz). There are 12 ranges in 1-2-5 steps with
fine control. Maximum input voltage of 300V. Timebase
linearity better than 3%, with X5 magnifier. Ranges from
0.2µs/div to 0.5s/div on 20 ranges. Includes intensity modula-
tion. Component tester generates 9V a.c. at 2mA max. (source
resistance 4k7). Price £447.35. Available from Pantec Divn.,
Carlo Gavazzi (UK) Ltd., 162-164 Upper Richmond Rd.,
Putney, London SW15 2SL. (01-785 9022)

Linstead S3 HT/LT bench PSU has 0-300V ((i 60mA) and 0-30V d.c. (rip-
ple = 100mA). Also incorporates two isolated 6.3V (it 2A heater supplies.
The PSU is fully protected against overload and short circuit by a variable trip.
Voltage outputs monitored by switched meter. Price £140.30. Available from
Supercat Electronics Ltd., PO Box 201, St. Albans, Herts ALI 4EN. (0727
62171)

Lovell TG302 functior generator can generate triangle, square,
sine, pulse and ramp waveforms from 0.02Hz to 2MHz in 7 ranges.
It provides 20V p.p. from a 500 source with variable offset. TTL
output. External sweep over three decades. Built-in frequency
counter to 10MHz. Price £155.25. Available from Level! Elec-
tronics Ltd., Moxon St., Barnet, Herts EN5 5SD. (01-440 8686)

Crotech 3132 oscilloscope incorporates a semiconductor and
passive component tester and component comparator for
checking against known standards. This dual trace (Alt or Chop)
oscilloscope can also check complete circuits using signature
techniques. It includes a mini PSU: +12V, -12V 200mA and
5V (a' 1A. Basic scope bandwidth is d.c. to 20MHz with a max-
imum speed of 4Ons/div. Price £325.45. Available from
Crotech Instruments, 5 Nimrod Way, Elgar Rd., Reading,
Berks RG2 OEB. (0734 866945)
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I remember some years back, when
hand-held digital multimeters were just
becoming popular, being amazed to find on
a factory visit that the production line was
just two girls and three youths. The two
girls 'stuffed' the p.c.b.s with components.
The assembled p.c.b.s then went off to a
flow -soldering machine and returned to the
three youths who tested, calibrated and
cased the instruments. Throughput was
100 instruments per 8 -hour shift with a
then retail value of about £100; so we
might estimate an ex -factory unit value of
£50, or £5,000 per shift, giving £25,000
per 5 -day single shift week, say £1 .2
million per working year.

The 'secret' of the low labour -cost was in
clever design by production engineers. As
well as being simple to make, the work was
also de -skilled. The girls were guided by
light beam where to mount each compo-
nent, the technicians testers aided by
automatic test equipment. Since those
early days a number of look-alikes have ap-
peared forcing the price down to less than
half. As they became more popular so
volume would have increased, making
automatic component insertion
economically viable.

I was reminded of this experience by
what I confess is only a third -hand (via a
friend of a friend) report of a visit to Japan
where the itinerary included a visit to a
large factory devoted to the manufacture of
video recorders. The figures are hard to
believe and may have been distorted in the
telling. Throughput of this factory was
500,000 units a month. There were 250
production engineers beavering away in of-
fices on the periphery of the production
area, where only 17 operators handled the
whole production which, one must assume,
was as fully automated as modern
technology would allow.

This, however, is not the end of the story.
Production engineers, ever in search of
lower assembly costs, are pushing hard for

an emerging technique called surface
mounting. This calls for component with
lead forms which contact solder pads on
the track side of a p.c.b., making through -
holes unnecessary. Similarly, the multi -way
connectors may be surface -mounted and
designed to be clamped or soldered to the
p.c.b. tracks, the clamp design permitting
separable connection without de -soldering.
The hold-up at the moment is that the
whole range of components is not yet
available for surface mounting, but few
doubt that it must come. This technique
was featured in the article SOISMD's, by
M. Abbott, in the May '84 issue of PE.

Another promising new production
technique is to switch from conventional,
laminated p.c.b.s to injection -moulded sub-
strates using polymides as a material which
has the necessary mechanical, chemical
and electrical characteristics. Among its ad-
vantages are that all holes can be moulded
in, thus eliminating all drilling, the ability to
mould -in three-dimensional features such
as structural ribs or stand-off pillars, and no
scrap material because scrap can be melted
and re -processed. Because of the high tool-
ing costs, production runs should ideally be
at least 100,000 units, but cost savings
could amount to 30 per cent.

Robots
Britain's robot population increased by

over 50 per cent in 1983, according to
statistics from the British Robot Associa-
tion. At the year end the number was
1,753, but the predicted growth in use of
robots is for at least 3,000 by May next
year. Even so, Britain still lags behind the
USA, Japan, West Germany, Sweden,
France and Italy.

The most popular applications are in
injection -moulding, spot-welding and arc -
welding, but with increasing sophistication
the number employed on assembly work is
increasing. Biggest impact of the robot
revolution is in the automotive industry,
where robots have had a significant effect
on the number of people employed on
production lines.

Experience in the electronics industry in
the USA is that few people, if any, have
been displaced by robots, although those at
work have been re -allocated to new tasks
in the factories. This is most probably
because the electronics market is still
growing, whereas the automotive market is
near saturation. Applications in electronics
have been mainly in highly repetitive jobs
which are boring to human operators, par-
ticularly in some stages of p.c.b. manufac-
ture. Robots for electronics assembly are
still in the research stage, but we may ex-
pect them soon to be on production lines
loading components, handling loaded
boards, soldering, and final testing.

Reports from leading electronics com-
panies in the USA are that robots are
providing productivity gains of up to 300
per cent with improved quality of product.
And, whereas to remain competitive some
companies had to farm out some opera-
tions to cheap labour areas in the Far East,
such work can now return to in-house in
the home country.

Tartan Spring
Hard on the heels of Scotland winning

the Triple Crown (for overseas readers it is a
Rugby Football honour last won by
Scotland 46 years ago) came news that
National Semiconductors were to back
Scotland with a further £100 million of in-
vestment which, with existing investment
by other electronics companies, makes
Scotland one of the fastest growing sunrise
industry areas in Europe. What is especially
welcome is that National's plan is not for
just another off -shore assembly plant but a
pioneer in use of the 6 -inch wafer and all
that goes with it. The only pity is that of the
1,000 new jobs to be created, very few are
suitable for the horny -handed workers be-
ing laid -off in nearby shipyards.

In the Edinburgh area, Hewlett-Packard
are expanding with a new microwave
facility on top of the big expansion at South
Queensferry last year. H -P has doubled
turnover since 1980 in UK -based opera-
tions, and productivity measured in sales
per employee is running at over £83,000.
Present plans forecast an increase in the
labour force of 700 in the foreseeable
future.

Sweethearts
Since I last mentioned the role of trade

unions we have had the GCHQ rumpus
which quickly faded from the scene as the
miners sprang into militant action.

What has passed almost unnoticed dur-
ins the torrents of press and TV coverage is
the continuing emergence of what have
been dubbed sweetheart deals, an agree-
ment for no strikes freely entered into be-
tween management and unions.

For this new development we have to
thank the Japanese, who as part of the
bargain for setting up plants in the UK,
notably in South Wales, insisted on a single
union rather than a multiplicity to represent
the workers. With declining membership
and influence the unions are all too anxious
to move into new enterprises, and union
rivalry provides an element of competition
which results in union concessions with
winner takes all.

Experience so far indicates that a single -
union workforce makes for a happier en-
vironment. If nothing else, it cuts out inter -
union squabbles over who does what and
for how much. The first purely British com-
pany in the electronics industry to adopt a
single -union policy is probably Inmos. I

have heard of no other so far. At the old
Philips factory at Lowestoft, now taken over
by Sanyo, the former seven unions have
been replaced by one, and it seems to work.
There is much greater flexibility in work
practices, greater co-operation between
management and labour, greater harmony
and more understanding.

Spearheading the new movement is the
electricians' union, a progressive body in-
terested more in members' welfare than in
grabbing headlines and TV coverage.
Togetherness, in their view, is preferable to
fut le confrontation which helps nobody.
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operated facility, and is capable of sequence operation on
four, three, two or even one channels.

The controller is of compact size, being 51" high, in keep-
ing with standard rack practice. It is less than the standard
19" wide for those who are not rack mounting equipment
but can obviously still be rack mounted if the occasion de-
mands. It is particularly slim, only 2+" behind the front panel,
and the front panel layout is simple, with a single row of
keyboard switches, two rotary controls, and a mains on/off
switch. Power handling on normal resistive loads, including
tungsten lamps, which are the most common, is
750W/channel, limited by the mains capability for a 13A
plug. This should be derated to 500W/channel for tungsten
halogen lamps, which have much lower cold resistances and
similarly for inductive loads where dV/dT considerations
exist.

There are ten keyboard switches in all, some having
double functions. Starting with the righthand four switches,
these provide, in the absence of the operation of other
switches, a manual flash function. The operator can depress
any or all of these switches to provide a momentary or
sustained flash on the channels in question. Incorporated at
the top of each switch is a I.e.d. channel output indicator.
The flash switches override the sequence. The sequence it-
self is controlled by the top of the two rotary controls. At the
lowest setting the sequence is disabled. Rotating the control
clockwise brings the sequence effect into being with in-
creasing speed as the control is rotated. This "Sequence Dis-
abled" setting allows the unit to be used purely for ambient
lighting control, if so desired.

HOLD AND DIM
To the left of the manual flash switches are the hold and

dim switches. If the hold switch is depressed at the same
time as a channel switch or switches, the channel/s in ques-
tion are switched on permanently, or at least until the
process is repeated. If the manual flash button is depressed
on its own whilst that channel is in the hold mode, the chan-
nel will flash off, rather than on as before-a useful effect.
When any channel is placed on hold, the memory is infor-
med accordingly and selects a suitable group of programmes
from its repertoire for the remaining channels. Thus, no mat-
ter whether one, two, or for that matter, three channels are
on hold, the remaining channels present programme infor-
mation that makes visual sense. The memory holds sixteen 4
channel programmes, 8 three channel programmes, four two
channel programmes and two rates of flash for single chan-
nel operation. Used thus, the controller can provide ambient
lighting, can work into other than four channel display con-
figurations and is generally pretty flexible. The dimming
function has been nicknamed "Shimmer Dimmer". With to-
day's discos using a variety of light sources such as pinspots
which, using a low voltage lamp, incorporate a transformer,
any truly versatile controller must be able to work into induc-
tive loads. Since a transformer is decidedly unhappy when
presented with d.c., it is important to ensure that a proper
a.c. waveform leaves the controller. This affects output stage
design as will be discussed later in the article, and also
means that a popular method of dimming, that of blocking
alternate half -cycles, is definitely not on. The Hyperchaser
dimmer works by allowing every other complete cycle of
power to leave the unit, presenting any transformers that
comprise the load, or part of the load, with a.c., albeit in-
terrupted a.c. As with the half -wave method, a degree of
flicker is introduced. This is actually quite pleasant when
used as part of a kinetic effect, and is useful to balance

lamps of unequal brilliance, or simply to tone -down the
overall brightness of a display.

Anyway, the Shimmer Dimmer function works as for the
hold function. Holding down the dimmer switch and
simultaneously depressing any of the channel switches will
dim that channel. Repeating the process will restore the
channel to full output.

To the left of the Hold and Dimmer switches are the
Manual and Auto Programme selection switches. These are
self explanatory, the Manual switch advancing to the next
programme when depressed, and the Auto switch when
operated, making the change at the end of each programme
run.

Carrying on to the left is the audio switch. The audio input
is very sensitive, less than 100mV, and can thus be run
direct from a mixer. It will however handle the output
voltage of amplifiers up to 200 watts quite happily. Rather
than the normal audio chase effect where the pulses derived
from the beat of the music are used to trigger the sequence
along, necessitating that the initial sequence speed be set
fairly low, the audio effect on the Hyperchaser is called audio
halt. As the name implies, the beat derived pulses are used
to stop the segue -Ice clock in its tracks. This has two advan-
tages over the conventional method. Firstly, there is no need
to adjust the sequence speed every time the audio effect is
selected, or, for that matter, to incorporate circuitry to
remove control cf speed from the operator whenever the
audio switch is depressed, reverting to a preselected speed.
Secondly, the sudden arresting of the sequence in time with
the beat of the music is very effective, if the pun may be
pardoned, and certainly subjectively better than the other
option.

CIRCUIT DESCRIPTION
The unit was designed around the 2716 single rail 16K

memory. At the time of writing the article I was warned that
this device was being phased out in favour of the 2732,
which has twice *.he capacity. There is no problem using the
2732 instead, and, at present, the 2716 is still cheaper than
the 2732.

PSU, CLOCK AND CIRCUITRY
This includes the 25Hz signal which is derived for the

dimming function and the zero -voltage pulse circuitry (see
Fig. 1). The power supply is a simple bi-phase arrangement,
using D1 and D2. However, instead of feeding the output of
these two diodes directly to the 5 volt regulator, ICI (7805),
the 100Hz waveform is fed to the smoothing capacitors, C1
and C2, through D3 and fed to TR2. This results in a positive
pulse at the collector of TR1 every time the input to D1 or
D2 drops below abou: 1 volt. When the collector of TR2
goes negative again, TR3 is biased hard off for a very short
period decided by the combination of R31 and C9, again
producing a positive pulse but this time much narrower and
better defined. This pulse is used to clock IC17a, half of a
4027 dual JK flipflop, producing a 50Hz output from the
100Hz input. That output is again divided by the second half
of IC1 7, resulting in a 25Hz waveform. The output of TR3
also switches TR4, when on for that brief period, pulls a 47k
resistor connected to pin 5 of the 555 timer, IC19, to ground
potential. This has the effect of reducing the threshold
voltage of the timer for that instant. Figs. 2a, b, and c show
the waveforms at the rectifiers, TR2 and TR3 respectively,
whilst Fig. 2d shows the threshold voltage of IC19 superim-
posed on the limer capacitor waveform. The waveform
shown corresponds to the highest sequence speed at-
tainable on the unit, with the speed control at maximum and
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Fig. 1. PSU, clock and associated circuitry

the audio function selected (the significance of this will be
discussed further on in the circuit description). If the speed
control is placed at its lowest setting, 5 volts is placed on the
OE input of the 2716 and this disables the sequence, leaving
the flash, hold and dim functions unaffected. Because the in-
ternal potential divider deciding the 555's threshold voltage
consists of three 5k resistors in series, with the junction of
the top and middle resistors defining the threshold voltage;
e.g. normally 2/3 the supply voltage, the effect of the 47k
resistor R32 being grounded is to lower the threshold
voltage by about 7%, ignoring the saturation voltage of TR4.
If the voltage on the timing capacitor C14 is sufficiently high
that within the next half cycle of the mains input it would
reach the threshold voltage and trigger pulse at the output,
thus changing the state of the counter and, further along the
line, the memory, then it is also high enough to exceed the
short term reduced threshold voltage that corresponds with
the pulse from TR3. Thus, the timer will only produce an out-
put pulse and the output stage will only change state at the
nominal zero crossing point. I say nominal, because this
point is in truth after the zero crossing point, but in practice
not so far that it causes even the least hint of interference
problems. If the purist wished, he could include a capacitor
on the base of TR2, to ground, add a preset potentiometer
(say 10k) in series with R2, reduce R1 to lk and then set the
unit up with an oscilloscope to give truly accurate zero -
crossing switching, at the end of the half cycle, but whether
this is worthwhile is highly debatable.

The output of the second JK flipflop is fed to TR7 which
acts as a buffer, supplying the 25Hz square wave to IC8. An
override signal from the strobe selection switch circuitry also
connects to TR7's base. Again, more in a moment, but suf-
fice it to say that the dimming function must be cancelled
when the strobe function is selected in order to preclude a
series of pulses, rather than one pulse, being fed to the
strobe outputs with each change of state of the output.

FLASH, HOLD, INVERT AND DIM FUNCTIONS
We will deal with channel one as an example, since all

four channels are identical (see Fig. 3). All i.c. sections are
numbered and reference to the component layout, Fig. 5,
will simplify identification of the physical route through the
unit of a particular channel.

Taking the output stage first, this consists of a buffered
NAND gate, IC18a (7437). This sinks enough current for the
MOC3020 opto triac that isolates the low voltage circuitry
from the output stage and also for the indicator I.e.d. D4. A
further feed from the output of IC18a goes to the strobe out-
put NOR gate IC16c, but since this is a 74CO2 and therefore
a CMOS device its input requirements may be ignored. The
anode of the opto triac IC23 (MOC3020) is returned to sup-
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ply, in common with its three counterparts IC20-22, via
TR 1. TR 1 is switched off by operation of the Strobe switch,
thus disabling the output stage, and extinguishing all lights
except the strobes. For an output from channel 1, both in-
puts of the NAND gate must be high. One input derives from
the dimming circuitry and the other from the signal path.
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Proceeding to the beginning of the circuitry for channel 1,
the Flash/Hold/Dim switch, S7 connects to one gate each of
the two input AND gates IC3b and IC3c, and also to the in-
put of an EXOR gate IC1 Od (74LS86). The remaining inputs
of the AND gate are commoned to their neighbours on the
other three channels and taken to the Hold and Dim
switches respectively. If the Hold switch is depressed at the
same time as the channel 1 button, then the output of the
AND gate IC3b goes high, and IC7b, half of a 4027 JK flip-
flop, changes state. The '1' output is fed to the other input of
the EXOR gate. With the switches released, the output of
the EXOR gate is high and this is fed via the 2 input OR gate
!Clic (74LS32) to the NAND buffer mentioned above. At
the same time, the Q output of IC7b is taken to one input of
the four input NAND gate IC9b (74LS20) whose output
promptly goes high and is used to provide an indication that
the Hold function has been selected. The Q output also goes
to an input on the 2716 memory to instruct it that channel 1
is on hold and to produce, forthwith, a selection of three
channel programmes based on channels 2, 3 and 4. There is
no particular reason that the Q, rather than the Q, output is
used to perform this task, simply that the NAND gate driving
the Hold indicator is located close by and circuit layout is
thus simplified by the omission of four extra pieces of track.
A word on the indicator drivers. The published spec of an LS
gate will show its sourcing capability, i.e. its High output
current only guaranteed to be 400µA. This is however the
current for correct logic high level output; the output
capability is much greater when the output voltage is not
critical, such as when used to drive an I.e.d.

As for channel 1, the 11 outputs of the Hold flip-flops are
taken to the memory, occupying in all the A7 -A10 inputs.
These four inputs are used to select programs for the chan-
nels remaining, whatever the number of channels. Although
there are 16 four channel programs the choices for 3, 2 and
1 channel operation are limited and thus 8, 4 and 2
programs respectively are incorporated.

With the channel not on hold, the EXOR gate will have a
'0' on both inputs and operation of the channel button on its
own will result in a high output from the EXOR gate and
corresponding switching of the NAND buffer. When the Hold
function is selected, there is already a '1' on one input of the
gate; operating the channel button will result in a '1' on both
inputs of the EXOR and thus a '0' on the output. In this man-
ner the channel can be made to flash off when on Hold,
providing the Invert Flash function.

If the Dim button and the channel button are depressed,
the output of IC3c, the second AND gate, goes high and
clocks IC7a, the second half of the 4027. The Q output of
IC7a had been high and was therefore keeping the output of

OE
1C12
pin 20

VRI
470k
LIN

R5I
100k

l 19
pin 2,6,7

*52
470k

the OR gate IC8d, high, allowing ICI 8a, the NAND buffer, to
be wholly dependent on what appeared at its other input.
When the Q output of IC7a goes low, the output of 1C8d will
now follow the 25Hz waveform from the collector of TR7
and in turn, IC18a will only be able to operate the indicator
and opto-triac every other complete cycle, thus accom-
plishing the effect described earlier in the article. The same
Q output drives the Dim indicator via IC9b (74LS20).

STROBE FUNCTION
As previously mentioned, this facility disables the main

outputs, and puts a positive signal for each stage of the
sequence on the appropriate output jack. When the strobe
mode is selected, the dim function must be overridden to
prevent a series of pulses appearing at these outputs when
the dim function is selected. The strobe mode is selected by
S1 and IC13b, the final 4027 in the unit, the other half of
which is used for the audio selection. When the strobe mode
is invoked, the Q output goes high, placing logic '1' on the
A6 input of the 2716 memory, via D13. This address input is
one of four used to give a total choice of 16 programmes.
The arrangement of the programmes is such that every other
programme is suitable for strobe work, i.e. it does not consist
of fill and empty type routines that would be ineffective
when used with a strobe. Overriding the A6 input thus
restricts the programme range to 8 rather than 16
programmes (in the 4 channel mode) and ensures that all of
these 8 programmes are the correct type for strobe use. The
same applies for three and two channel operation.

A further noteworthy point is that the maximum speed of
pulses to the strobe outputs is limited by the clock and audio
circuitry design to well below the critical speed that has
caused so much controversy with local authorities in the
past. It is more or less agreed that under the correct cir-
cumstances, epileptic fits can be induced, viz in an epileptic
sufferer by the operation of strobes at frequencies in the or-
der of just over 1 6Hz. The risk of such a happenstance is not
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so clearly defined, but in any case, the effect of direct strobe
light at this rate of flash on a non -epileptic is to cause break-
ing up of the vision and is not to be recommended.

AUDIO SECTION
Audio inputs from below 100mV to 40V r.m.s. are fed into

J5 (see Fig. 4). If the sound system is stereo, it is only
necessary to use one channel as the audio halt circuitry is
basically bass orientated and such signals should be present
on both channels of a stereo system. TR5 is biased directly
from the supply via R46, rather than feedback being taken
from its collector. Thus the collector voltage is low and is,
provided the transistor is up to spec., below 1 volt. Negative
going half cycles of the audio input will produce positive
pulses on the collector of TR5, with a bass emphasis
provided by the capacitor C11, which causes the stage to
roll off above 100Hz. If the audio effect is not selected, the Q
output of IC13a is low and the signal at the collector of TR5
cannot rise above about 1 volt, due to the clamping effect of
D16. When the audio effect is selected, D16 becomes
reverse biased and whenever the collector voltage of TR5
rises above the rated voltage of ZD1, C13 starts charging.
When sufficient energy is available, such as with the bass
notes, as the input level is set high enough, C13 will charge
sufficiently high enough and for long enough to keep TR6
held on, thus stopping the clock (1C19). R49 allows the dis-
charge through the base emitter junction of TR6 to be
gradual, rather than immediate, when there would be less or

no effect on the clock. R48 limits the time constant without
which the time constant would vary, as the reducing voltage
approached the knee voltage of that junction, according to
the gain of TR6.

With the effect selected, if the speed control were to be
reduced, the effect would be more and more reduced as the
speed was lowered. To avoid this, regardless of the speed
setting prior to selecting the audio halt effect, the Q output
of ICI 3a also places R52, via D17, in parallel with the speed
control. This has the result of narrowing the range of the
speed control and restricting that range to the higher speeds
so that, whatever the speed setting before the audio effect is
switched in, the effect will not be lost.

CONSTRUCTION
As mentioned earlier the whole unit is slimline in ap-

pearance. All components are mounted on a single rect-
angular double sided p.c.b. which fits inside a purpose
designed case. The output sockets, which are the standard 8
pin Bulgin P552 type, used on many commercial units, are
mounted on the rear panel and hard wired to the p.c.b. Ap-
proximately 2/3 of the back of the case is removable, and the
front panel need only be screwed in place after the unit is
finished and tested, thus accessibility to all components is
good. Fig. 5 shows the component layout looking at the
front of the unit, with rear mounted components such as
triacs shown in dotted lines. The printed circuit board is

COMPONENTS . . .

Resistors
R1,32 47k (2 off)
R2-6, 37, 38, 40-44 1k (12 off)
R7, 8, 17-21, 27, 330 (12 off)
33-36
R9-12, 50 2k2 (5 off)
R13-16 100(4 off)
R22, 28-30, 39, 45-4710k (8 off)
R23-26
R31, 51, 53
R46
R49, 49, 52
All resistors 1W 5%

Potentiometers
VR I

VR2

150 (4 off)
100k (3 off)
1M
470k (3 off)

470k lin. through -board
mounting (Radiohm)

2k2 log. through -board
mounting (Radiohm)

Capacitors
CI -3 1000p ION1 axial elect. (3 off)
C4, 13 50n ceramic or mylar type (2 off)
C5-8, 11 2n2  (5 off)
C9, 10 1n  (2 off)
C12, 14 1p radial elect. or tent. bead

(2 off)

Transistors & Diodes
TR1
TR2 6
TR7
D1-3
D4-7,9-12,14,15

D8,13,16,17
D18

2N5551 (orl3FX 84 etc;
8C172 (5 off)
BC212
1 N4000 (3 off)
3mm red I.e.d.-must ba
splayed leg type 0 1" spacing
110 off)
1 N4148 (4 off)
2V7 400 mW Zener

Integrated Circuits
ICI
IC2,3
IC4-7,13,17
IC8,11
IC9
ICIO
IC12
IC14
IC16
IC18
IC19
IC20-23
CSR1- 4

J1-5
F1

F2-5
S1-10

T1

DPDT rocker switch; 2 knobs to suit pots; 2 Bulgin P552
sockets; double sided p.c.b.; case, front panel, back panel,
and heatsink spreader

7805
74LS08 (2 off)
4027 (6 off)
74LS32 (2 off)
74LS20
74LS86
271615V)*
74LS02
74CO2
7437
555
MOC3020 (4 off)
TXAL228B isolated tab triac
(4 off)
Mono p.c. jack
20 x 5mm 0.5A
20 x 5mm 3A HRC
TRS keyboard switch set
comprising switch, fingerpad and
I.e.d. holder
Transformer 7-0 -7 volts 6VA

Constructors' Note
A ft_Il set of parts, including printed facia, case, p.c.b.,
and transformer may be obtained from:
Bensham Recording Ltd., 327 Whitehorse Road,
Croydon, Surrey CRC 2HS. (01) 684 8007. Price
£78.50 inc VAT & P.P
The kit may be purchased whole or in sets of resistors
etc. Board, case etc available separately.
"EPROM listing available from PE (Poole Office). Send
10 x 7in. S.A.E.
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solder resisted both sides for ease of assembly, the case is
plated and the front panel painted and printed.

When assembling, leave the switches and larger compo-
nents until last, fitting resistors, etc, first. There are half a
dozen through board links that should be inserted at the
beginning, lest they be forgotten later, especially since two
of them are located between Cl and C2 and could easily be
missed later on during assembly. There are a good few top-
side connections on both i.c.s and resistors. Neglect these at
your peril. These are necessary in such a compact unit and
preclude the need for wire links and consequently even more
cramping in the layout. The disadvantage of such connec-
tions only becomes apparent when an i.c. is inserted wrongly
and has to be removed. So, unless you are an expert with a
solder -sucker, take care! Some components, particularly the
capacitors, may need to be bent over to clear the front panel.
Alternatively, such items, C4 as an instance, could be rear
mounted if the constructor so desired. The switch assem-
blies should ideally be made up all at once and inserted in
one fell swoop to avoid slip-ups. For convenience, the board
was laid out with the positive lead of the I.e.d.s to the right of
the unit. Take care when deciding the positive lead; most are
indicated by the longest lead, but this is not always the case,
as the author has found to his chagrin in the past. Fit the
transformer last, and before the Bulgin sockets are fitted,
slide the board into the case from the back, inserting it at the
left hand end, gently bending it slightly to clear the transfor-

mer past the flange on the part of the back of the case that is
permanent. Screw the board into place, and also the triacs.
These mount against the top of the case via an aluminium
thermal "spreader". Use thermal compound liberally here. It
is probably wise to delay soldering the triacs until they are
screwed down, in order to avoid stressing the leads.

Before fitting the Bulgin sockets, of which more later, fit
the mains input lead, securing well and leaving about 3
inches stripped and tinned for connection to the switch. Also
solder two flying wires into the board as shown in Fig. 9 for
connection also to the switch. Both the mains input and the
flying leads should be of sufficient current rating to cope
with the full output of the unit, viz 13A. For the time being
link the two pairs of wires in a piece of terminal block so that
the unit can be tested without the front panel being in
the way.

The easiest way to fit the Bulgin sockets is as follows: cut,
for each socket, seven pieces of 16g tinned copper wire,
varying in length from 5cm to 10cm. Solder these, in
ascending order of size around the tags on the socket, leav-
ing out tag number 6. Starting with the socket nearest the
mains input, and with the flat on the centre section towards
the top of the unit, locate the wires, one by one, starting with
the longest. When all the wires on the first socket are in
place, push the socket all the way home and screw or pop -
rivet in place. Solder the wires to the pcb, feeding the iron
through the nearest appropriate hole. Note that some wires

Fig. 5. Component layout

5:4047,E

TP.JS<

11

i J3

a --

420 0
INPUT

a

R3I

C9 .4 R29

TR2 ib b

TR3C):

If 'ON
VR2

I 0

TR4

DR

stir -+-1 R22 }a

11
R32

11.-1 R52 Hp lj

i;

c 5"1

(Crii

011? 849
TR6

J4
r,5 4=0 I [11018

CI R46 R47

J5

4

ra:?TR 5

48

0+ 11
R40 R4I

844

sr

61+015

 52° . 2 :13

R28 1.41 04 877 1.0

(:)C 10 j.TbR7

E,.
DI'

0,3

--C=1}-0

R26

 
CSR4

T

FS5

A A.

I

iI

a' a 11111

1)
1C20 1

4041 RI3

Ot R9

ert- 1111
RIO RI I

L 

0+
012

8361 838
0-
09 rlf_

RB

OS .

814 140

R7

)13

ICI

0
DIC

s!

1.9143461 DOTTED COMPONENTS ON REAR OF BOARD ID THROUGH BOARD LINK

30 Practical Electronics June 1984



are also soldered above the board. Repeat the process for
the second sockets. The Hyperchaser should now be ready
for testing.

TESTING
Connect the output to a set of lamps, preferably all the

same colour (for the test only) and preferably fairly low
power, unless they are mounted behind a diffuser. The out-
put connections for the Bulgin socket are: Channel 1-pin 2,
Channel 2-pin 3, Channel 3-pin 4, Channel 4-pin 5,
Common neutral return from lamps-pins 7/8, Earth-pin 1
(centre). This follows the accepted standard for these con-
nectors. Before connecting the mains supply (and remember
when testing that there is live mains on parts of the unit)
check the supply lines for shorts and also for continuity
around the board. Connect the supply, and switch on, im-
mediately checking for 5 volts output on IC1. The manual
switch should be illuminated, but no others. If the strobe or
audio functions switches are illuminated, switch them off by
simply depressing the fingerpads. A 4027 will normally
come on with the Q output low, but no fail safe circuitry is
incorporated to ensure this. Thus occasionally one may en-
counter a recalcitrant i.c. that will need to be manually set
after switch -on. Turn the speed control to minimum, thus
disabling the memory, and then check the flash buttons in
turn. Next try the hold function and then the dim effect. With

the dim function invoked, operate the strobe button, which
should illuminate. The output I.e.d. indicators which should
have been operated at a reduced brilliance showing a degree
of flicker should be restored to full brilliance until the strobe
button is pressed again. There will also be an amount of
flicker on the load lamps, but not so significant as the I.e.d.s
due to the thermal inertia of the lamps. Take all of the chan-
nels off Dim and Hold (in that order, since monitoring correct
switch operation is easier in this fashion) and advance the
sequence speed control and observe the display.

The unit should now perform a sequence. Advance the
programme by pressing the Manual button and check that
each of the 16 programmes are being selected correctly, i.e.
that all outputs of the 4520 are getting to the 2716. Place
each channel in turn on Hold and check the three channel
programmes that result This is a long winded process if you
do the whole bit, going through every permutation of chan-
nels, and checking every programme, and is really only to
ascertain that the memory is in fact correctly programmed.
Since all the programming devices I have encountered throw
up a clear warning if the programming sequence has gone
awry, it is perhaps enough to confine this stage of the testing
to checking that the operation of each hold button is having
the desired effect and that it is therefore connected properly.

To check the strobe function, a simple indicator may be
made from four I e.d.s each in series with a 1 k resistor and
the positive of each I.e.d. connected to a strobe output. *
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Install your ownSUBM system and save
using built and
tested modules

A COMPLETE INTRUDER ALARM
EASILY ASSEMBLED ULTRASONIC UNIT CK 5063

Require, r I for
hut prole,. Loh, built

 ..justable range up to 251:
 h,olton entrance Et eel dela,
 thdlton timed alarm
 r,ry operated switch Off. Test anit Opet
 hrovrsion for an extension speaker

selficontamed
 ,ses US 5063 PSI. 1865 Key Switch 3901

Speaker 3515

Now rid, Lew- o,i . uder alarm at this low price using tried and tested 'lissom,
modules. Supplied with lull instructions. the kit contains everything necessary to provide an effechve
warning system for your house or flat With a butlhin LED indicator and test positron the unit is easily set-
up requiring no installation It may simply be placed on a cupboard or desk Movement within its range
vial Mtrn cause the buoton siren to produce a pent- rating 90dbs of sound. or even 110db s odd, an
...net speaker All parts included and supplied with full instructions for ease of assembly

700 y 180 y ]Omni. Or.ler as Ch 5063

DIGITAL ULTRASONIC DETECTOR

US 5063

 3 levels of dtscrintinadon agamst false
alarms

 Crystal control for greater stability
 Adjustable range up to 2511.
 Built-in delays
 12V operation
This advanced new module uses digital signal
processing to provide the highest level of
sensdovily whilst discriminating against potential
I rIse alarm conditions. The module has a built-in

,relay and timed alarm period. together with a
. table entrance delay plus many more

othwanding features

ULTRASONIC MODULE

US 4012

E10.95 +V.A.T.

popular km cost ultrasonic detector is
 ady used in a wtder range of appbcattonsf rorn
r o'er detectors to automatic light switches and

opening equipment. featuring 2 LED
atots for ease of setting up.

INFRA -RED SYSTEM

IR 1470 only E25 61 +V AT

dytsting of separate transmit oil and it., e.xid
!, of which are housed in attractive moulded

moduthe System ',rosaries an tnwsible
lated beam over dtstatices of up to SOIL

operating a relay when the beam is broken
Intended for use in security systems, but also
,deal for photograph* and measurement

trti-ahons Sae 80 by 50 by 35mm

POWER SUPPLY b RELAY UNIT
PS 4012

ttiesar.ibd,seo 120 cutout at 85nw1 and
ht.,* a relay woh 3 amp contacts The um, is

,Phtgned to operate with up to 2 ulhasonv two,
I infra-redunit IR 14 70 Ince E4 25  VAT

SIREN MODULE SL 157
Produces a loud penetrating sliding Ione My, ti
when coupled lo a suitable horn speaker.
produces SPL s of 110dbs al 2 motes
Operating horn 9515V Price E2 95  VAT

5%ii HORN SPEAKER HS 588
This weatherproof Bout, speaker provides
extremely high sound pressure levels (110db,
at 2 metres) when used with the CA 1250 PS
1865 or SL 157 Price fa 95 V A T

3-POS. KEY SWITCH 3901
Single pole. 3 -pus key sw.irh ...oder, fur use
mit, the CA 1250 Pita 0141 a VAT
Please allow 7 da tor deli ,

ALARM CONTROL UNIT

CA 1250

Price £I9.95 + V.A.T.

The head of any alarm system is the control unit
The CA 1250 offers every possible feature that
is likely to be required when constructing a
system whether a highly sophistiCated
installation or simply controlling a single
magnetic switch on the front door
 Built-in electronic siren drives 2 loud speakers
 Provides exit and entrance delays together

with fixed alarm ttn*
 Elattery back-up with trickle charging facility
Operates with magnetic switches pressure

pads, ultrasonic or IR units
Antntaniper and panic facility
 Stabilised output voltage
2 operating modes full alarm. antvtampei

and panic facility
 Screw connections for ease of Installation
 Separate relay conlacts for external !Odds
 Test loop

SIREN it POWER SUPPLY MODULE
PSI 1865

only
E9.95

+ V.A.T.

r orr,plete siren add power s,J ruuduie
-s capable of providing sound levels of 110dbs
at 2 metres when used with a horn speaker In
addition. the unit provides a stabilised I 2V Output
Lull to 10OrnA A switching relay is also included
so that the unit may be used in coniunction with
the US 5063 tt furn a rorrolixtr ddrn,

HARDWARE KIT
HW 1250

only

E9.50
+ V.A.T.

This attractive case is designed h ,xse the
control unit CA 1250, together Wit the
appropriate LED indicators and key switch
Supplied with the necessary mounting pillars and
punched front panel. the unit is coven a

Prole...nal appearance by an adhesive silk
screened label Sire 200 by 180 by 70mrn

ULTRASONIC MODULE
ENCLOSURE

only
f2.95

+ V.A.T.

Suitable met at enclosure for housing at, individual
ultrasonic module type US 5063 or US 4012
Supplied 00th the necessary mounting pillars and
screws etc For US 5063 order SC 5063. poi
US 4012 order SC 4012

Add 15'5 VAT to all prices
Add 50p post Er packing to all orders
Units on demonstration
Shop hours 9 00 to 5 30 p m
Closed Wednesday
Saturday 9 00 to 1 00 p ni
SAE with all enquiries
Order by telephone or post

usIng
1your crdit card [

RiSCOMP LiMiTED
Dept PE12
21 Duke Street,
Princes Risborough,
Bucks. HP17 OAT
Princes Risborough 1084 44) 6328

3 '

P.E. HYPERCHASER'c'ocr=i,
I

I
I
A full kit of pars for this pseudo intelligent light unit.

A TRULY SOPHISTICATED 4 CHANNEL £78.50
LIGHTING & STROBE CONTROLLER Inc cart/VAT

SAE FOR LIST OF INDIVIDUAL PARTS

IT INCLUDES CASE, P.C.B. PRINTED FASCIA ETC.

P.E. STAR DESK
8+4 CHANNEL COMPREHENSIVE EFFECTS LIGHTING DESK

* 1KW/Channel
*8 Twin Presets
*4 Independent

Channels
*8 Chase Routines
A Sound to Light

and Manual
Flash Functions

A full kit of parts for this exciting project including case, panel, P.C.B.
etc. is available from us sor

'Includes VAT & Carr.
Telephone your order cn 01-684 8007 or send Cash/Cheque/Credit Card No. to:

BENSHAM RECORDING LTD., BARCLAWAXD

327.333 Wsitehorse Road, Croydon, Surrey CR0 2HS
ISO it it. We.. Shop open 9am-5pm Mon -Sat

°lease allow 14 days for delivery.
VISA

Buy Sparkrite Brand Leading Auto Electronics
in self -assembly kit form - And save pounds!!
 Electronic Ignit on systems -contact triggered and contactless
 Electronic Car Eecurity Systems- including a new ultrasonic unit
 Car Drive Computer - with 12 functions

SEND FOR FREE LITERATURE PACK-TODAY!
8 SOPHISTICVED
KITS TO CHOOSE
FROM.

I SPARKRITE (A Division of Stadium Ltd.), Queensway, Enfield, EN3 4SD.
Telephone: 01-804 4343

I
I

PE
IN I= IN MI WI MI NI
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Space
Watch...

LA PALMA OBSERVATORY
It is not always appreciated that the level of

precision engineering required for modern
telescopes is exceptionally high. Over the last
three decades almost every aspect of looking
at and seeking to understand what exists out-
side the Earth on which we live, has under-
gone change. The telescopes at La Palma con-
tinue this trend.

Aids for use with op-
tical telescopes have
reached a high standard
also. There will be the
Image Photon Counting
System. This consists of a
special television camera
with an image intensifier.
This also has a computer
device which helps to shar-
pen the image by 'freezing'
the 'snow' on the picture.
This is particularly useful
for studying spectra.

For direct pictures of
small areas of the sky a
charge coupled device
(CCD) will he used. This
consists of a large silicon
chip which is sensitive to
light. The CCD is about
thirty times more sensitive
than the best photographic
emulsion. It is therefore
possible for the exposure
time to be cut from hours
to a few minutes. thus
cutting the exposure time
of each observation and
also getting more reliable
data at a greatly increased
rate.

Other facilities available
will be 'speckle inter
ferometry' which will
enable images to be
reliably photographed.
This method enabled
astronomers to show that
the planet Pluto consisted
of two bodies separated by
only a short distance. The
density also was much lower than had been
previously thought.

These new techniques are very useful
especially when false colour is used to model
very faint and distant objects like the recently
discovered 'black hole'.

Although there will always be resident
astronomers at the La Palma observatory
British astronomers will be able to control
the three main telescopes from the Royal
Greenwich Observatory at Herstmonceux in
Sussex. This is the remote operation which
will be made by telephone: from the control
room they will be able to look through to the
telescopes via their television screens. This will
save time and money and enable those in
the observatory to watch the screens at
Herstmonceux, even collectively, if anything
specially interesting is found.

WHY LA PALMA?
With the emphasis moving from the bright

stars to distant faint objects some of the
original objectives have been revised and by
the time that the Isaac Newton 100 inch
mirror telescope had been fully available the
emphasis in astronomy had moved to the in-
vestigation of faint objects. It was this new
area of astronomical research that led to the
choice of La Palma as the firal site for this
telescope.

In 1969 a committee was set up to decide
upon the best site for a telescope and

to be a very dark sky, far from man made
sources of interference. In 1971 a team tested
places in Italy, the South mainland of Spain,
the Cape Verde Islands, Madeira, Hawaii,
Tenerife and La Palma. The sites were
narrowed down to a choice between Hawaii
and La Palma. It was decided that there would
be difficulties at Hawaii because of the altitude
and so La Palma was chosen. Hawaii however
is more suitable for infra -red and millimetre
astronomy.

The peak of La Palma, which is on the edge
of its volcanic caldera, is 2,400 metres high. It
is elevated enough to he a suitable site but it is
not inconveniently high. Its great advantage is
that it is above the clouds for most of the time
and above the inversion layer which keeps
down the water vapour and the dust in the
lower atmosphere. The air above comes in a
steady stream from over the Atlantic. The sea
temperature alters less between day and night
than land temperatures. So this is favourable
and light is less likely to blur the images of the
stars and faint objects. It is likely that this will
be a successful venture for the Northern
Hemisphere and future source of research and
new discovery.

Frank Wilsenham Hyde
FRANK Wilsenham Hyde, author of

Sparewatch, died on March 22, aged 75. A
respected and admired contributor well known
to readers of Practical Electronics for his
enlightening monthly commentary on extra
terrestrial exploratory matters. Frank was also,
to those who knew him personally, a kindly and
unassuming individual though always capable
of provoking deep thought and discussion in
many subjects. Indeed his scientific and
engineering knowledge and experience encom-
passed many disciplines. However it was to
radio astronomy that Frank was especially
devoted for most of his life. This nterest com-
menced in his teens, for it was while an engineer-
ing apprentice with Crompton Parkinson at
Chelmsford he first began pioneer investigations
in radio physics.

In 1950 he began serious work in radio
astronomy and set up at Little Claston. in Es-
sex. what was the largest privately owned radio
observatory in the world. He worked with Cam-
bridge and Jodrell Bank and had a special
assignment when the first earth satellite was
launched and made certain discoveries
regarding the ionosphere. Also at this time he
was engaged in the special electrical Meeting of
Jupiter which was later funded by the National
Aeronautics and Space Administration of
America (NASA). Some of the experiments on
Pioneer 10 and 11 were the direct sequel to this
work. He continued to work in collaboration
with Cambridge in the study of the Crab
Nebula, Quasars and the Solar Wind.

The unique experience of working closely
with leading academics in this young branch of
science, and being associated with major dis-
coveries in space, made Frank Hyde the ideal
choice as commentator for Practical Electronics
on this emergent field in which electronics

played a vital part. The fires Spacewatch
- appeared in October 1967, and for two years
was bi-monthly until March '969 when in-
creasing activity in the space sciences made
a regular monthly article imperative.

Spacewatch soon became compulsive reading
even for those who had no special interest in
satellites or space exploration it general, for it
frequently contained sni 'pets of information of
even wider interest and potential application-
the so-called spin-offs from space technology.
Frank was often the first into print with such
technical titbits.

Frank Hyde's story seems to confirm the
view that there is intel ectual or philosophical
reward in the study of space; arat it unshackles
the mind from earthly prejudice; and limited s i
sion. R-ght up to his death Frank actively pur-

sued a number of interests, with dedication.
These included some less than conventional
"fringe" topics such as naraphysics and he also
became a keen advocate for the revival of the
airship as a commercially viable form of
transport, particularly 'or bulky loads to not
easily accessible places.

Frank was the autho- of two books on radio
astronomy and he contributed articles to
various magazines. He was al accomplished
lecturer, delivering lurid accounts of radio
astronomy techniques t' Societ es. Schools and
Universities. He appeared in a rumber of televi-
sion programmes and had also been interviewed
on radio in connection with spice matters. lie
was a Fellow of the Society of Engineers, Fellow
of the Society of Professional Engineers, and
Past President of both. He was a founder mem
ber of the Airship Association and a Fellow of
the Royal Astronomical Society. Awards were
made 5y several !carded soc dies to Frank
Hyde for his contributions to radio astronomy.

Fred Bennett

observatory to be known as the Northerr
Hemisphere Observatory. It needed to be able
to provide clear 'seeing' free from dust in the
atmosphere. The images were not to be of
such a nature that there was turbulence which
would spread and distort the image. There had

VENUS
It is well established

now that there are indica-
tions of vulcanism on
Venus though there may
not be direct and short
term eruptions. Better
methods have been
developed over the last few
years of -gathering details.
A great deal of the credit
for this must go to the
Russian spacecraft and
probes. Peter Cattermole
of Sheffield University is
very active in this field
and Anglo - Australian
research, particularly in
the infra -red, has led to
greater accuracy in map-
ping the dark side of this
planet.

Be that as it may the
news recently from
America suggests that
there are signs of erup-
tions every 5 to 10 years.
The last one, it is
suggested, was in 1976.
This was thought to be as
catastrophic as Krakatoa.
There are two regions,
thousands of kilometres
apart, that are suggested
as being the main places
of activity. There seems to
he great structural dif-
ferences between Venus
and the Earth, though they
came into being at the
same time some 4,000
million years ago.

February this year three American
astronomers released information about the
results of their findings using data from
NASA's Ames Research Centre. The three
researchers were H. Masursky of the US
Geological Survey, L. Esposito from the

In
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University of Colorado and F. Scarf of the
Aerospace Company TRW Inc. The news
was unexpected and startling.

The story begins with an eruption on Earth:
in 1982 the volcano El Chichon in Mexico
erupted. A small spacecraft operating under
the control of Esposito's group detected large
amounts of sulphur dioxide in the Earth's
atmosphere and this led to the examination of
previous records. He examined the data from
spectrometer reading of Pioneer Venus. He
found that the records showed that a large
injection of sulphur dioxide had been noted a
few months before Pioneer Venus began
collecting data in 1978. The levels were about
50 times higher during that time. Since then
the readings have been declining. From the
rate of decline it was apparent that the level
must have been much higher than would have
been expected from El Chichon. Indeed it was
so powerful that the injection came up through
the dense atmosphere of Venus (more than
100 times that of the Earth), to rise some 70
kilometres from the surface of the planet.

Masursky's map had helped to show that
the volcanoes on Venus were situated in two
regions. One of these is called Beta Regio. It
runs North/South for at least 2.000 km. It is
thought that there are two shield volcanoes.
The other volcano is called Atla Regio and is
on the Eastern coast of a large continent,
Aphrodita Terra.

There is evidence of gravitational anomalies
about the regions. The areas are young from
the geological point of view, being probably
less than one million years old. This is suppor-
ted by findings on Earth, the gravity anomaly
being a factor of all young volcanoes. These
anomalies are caused by underlying regions
being uneven. Those of Venus were sufficient
for the spacecraft to register the stress.

The contribution of the third participant in
this discovery (F. Scarf) was the data culled
from the lightning phenomena from which he
has been collecting data since 1976. He detec-
ted continual lightning bolts occurring in the
areas of the two volcanoes, the Beta and Atla
regions. Of course there are others who dis-

pute this. However the evidence of Esposito
supports his views.

A fascinating picture emerges from these
findings. For instance it may be that Venus is
unable to rid itself of internal heat in the way
that the Earth does. It may be that the water
that Venus once had and what remains is in
the atmosphere and that this has left no
'breathing' mechanism and so since Venus
does not seem to have a techtonic plate system
the solid mass is heating up causing the planet
to erupt in order to reduce stresses. It would
certainly seem that the present conditions and
those that are expected will preclude a man
landing in the foreseeable future. Is it not the
case that there are changes in direction in

scientific endeavour? Now emphasis has
turned again to near and very far objects for
study; at a meeting at the Royal Society
jointly held with the RAS, the Solar system
was the subject of much new -wave thinking.

Frank W. Hyde

Ingenuity
Unlimited

A selection of readers' original circuit ideas.
Why not submit your idea? Any idea published will

be awarded payment according to its merits.
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.

P.
 k

IC1

RLA1

REVERSE
LAMP

W01
12V
BmA

AUDIBLE
REVERSING
ALARM

THIS circuit was designed to produce a
low cost "car reversing alarm," which

is already compulsory in some European
countries. In this circuit a 555 Timer is
used to drive a piezo electric buzzer at a
frequency set by VR I . whenever the rever-

sing lights are operated during the
daytime. To eliminate any noise nuisance
at night a relay RLA I is wired to operate
when the side lights are on. thus discon-
necting the buzzer.

If the circuit is mounted in the boot,
then the sound output can easily be heard
(80dB). The unit costs about £5 which is
cheaper than most other varieties already
available on the market.

J. McPherson.
Houston.

Renfrewshire.

SCALECTRIX
MOTOR
CONTROL

THIS circuit was designed to improve
and prolong the use of the hand-held

Scalectrix controller. The circuit utilises

the existing 2K slider pot and all the com-
ponents easily fit into the controller case.

In normal use the slider potentiometer is
prone to burn out, so an emitter follower
TR I was introduced to reduce the current
flow. During tests, however, erratic start
up, stiction and current hysteresis were
problems that were solved by the inclusion
of a silicon -controlled rectifier CSRI.

As the wiper is moved towards the sup-
ply line, CSRI will fire, giving maximum
current through the motor. This pulsed
current gets the motor going and produces
the usual back e.m.f. to give subsequent
smooth linear speed control. Suppression
components DI and CI were included to
give protection to TR I.

A. Cook,
Burgess Hill,
West Sussex.

IffLf1
+121/ DC
HALF WAVE
RECTIFIED

RTN
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micro-file R.W.Coles

FILESHEET 16 16032
DURING the last two file articles we have focused the spotlight

on National Semiconductor and two of its most popular
processors, the 8073 and the NSC 800. We have found that
National, while being indisputably the largest semiconductor
manufacturer in Silicon Valley, and despite having been involved in
the microprocessor scene from its early days, has nevertheless
managed to come fourth in what is essentially a four horse race.

This rather mediocre performance has not been ignored in the
National boardroom, and the obvious success of upstarts like Intel
and Zilog was not to be left unchallenged for long. The National
response has now arrived, in the form of the NS16000
microprocessor family, and for once the whole industry has had to
stop and take stock in the face of what can only be described as a
massive onslaught from a company that hitherto had been con-
sidered to be a rank outsider!

It is the sheer scale of the National response which takes one's
breath away. Having seen Intel's 8086 architectural problems
caused by 8080 compatibility, Zilog's Z8000 failure caused by a
messy instruction set and lack of an 8 bit bus version, and
Motorola's lateness in providing a proper family of peripheral
devices for its 68000, National decided to take on the whole bunch
with a processor family which would suffer from none of these
drawbacks. Easy to say, of course, but actually pulling it off was a
mammoth task. It involved introducing a complete new family of
microprocessors and peripherals all within the space of about
twelve months, which would be a remarkable achievement for
anyone, if, indeed, it could be done at all.

The first family member, the NS16032 16 bit processor
described here, arrived in late 1982, and, keyed to an unpreceden-
ted barrage of marketing ballyhoo which kept potential designers
saturated with relevant facts and figures, the other family members
arrived as if fired from a machine gun. Now, not much more than a
year later, we find ourselves able to choose from a compatible
family which includes the basic NS16032, the 8 bit bus NS16008
and the 32 bit NS32032, and able also to select the NS16081
floating point math unit and the NS16082 memory manager to
complement them if needed. From being the last to introduce a
modern 16 bit processor, National now find themselves the first
into 32 bits, a quite extraordinary situation.

It is tempting to think that such a rapid evolution must have
resulted in a lot of rough edges and shortcomings in the National
designs, but this does not appear to be the case. The basic family
architecture is at least as elegant as that of last year's "Miss -
Microprocessor", the 68000, and yet it offers higher performance
and better intra-family compatibility.

It is difficult to judge just how well any new device is actually
supported, because what is promised in the ads is not always
fulfilled in practice, but one thing National have managed to con-
vince me of is their on -going commitment to the new family, a
feature often sadly lacking or short-lived in their earlier efforts. Cer-
tainly, National have had to work twice as hard as their competition
to convince doubting designers of their sincerity, thanks mainly to
their rather unimpressive track record!

The basic 16032 processor is most easily compared with the
68000, because like that Motorola processor, it uses 32 bit internal
data pathways and registers and has a simple, regular, instruction
set which supports a wide range of addressing modes and data
types. Unlike the basic 68000 though, the 16032 and all its
cousins support virtual memory operations directly, making it com-

petitive not just with ear'ier mini -computers such as the PDP 11
but also with full blown 32 bit midi -computers such as the
ubiquitous VAX.

A major aim of the National designers was to make their
architecture as compatible as possible with the data structures and
concepts used in modern high level languages such as Pascal so
that compiled code would run as efficiently as assembled code
without suffering the speed penalties usually encountered (par-
ticularly with 8 bit machines) in trying to force the high level
language "square -peg" into the processor "round -hole". I think
they have succeeded in tiis aim, and I doubt whether many users,
even those designing fast real-time controllers, will ever have to
bother with the tedium of assembly language when using a mem-
ber of the 16000 family.

REGISTERS
The 16032 register set is similar in many respects to that

available on the 68000. Most registers are 32 bits tong to provide
immediate compatibility with the 32032 processor and a potential
address space of 4 Gigabytes, 16 Megabytes of which are directly
implemented by the 16032.

The set is organised into two main groups consisting of eight
general purpose data or address registers and eight special purpose
registers. The general purpose registers are all 32 bits long and can
be used for high saeed access to data or address information. The
registers in this group will store bytes, words, double words, or (in
pairs) quad words, and can be used as accumulators, data registers,
or as address pcinters; any instruction can use them without
restriction. Another eight general registers are made available ex-
ternally when the 16081 Floating Point Unit (FPU) is added to a
system.

The special purpose group contains six 32 bit registers which are
reduced in the 16032 to 24 bits (the width of the address bus) by
having the high order 8 bits set to zero. In addition there are two 16
bit special purpose registers, making eight in all. The individual
members of this group are described below:

Interrupt Base Register; this register holds the base ad-
dress of the interrupt vector table (called the dispatch table by
National) which can be located anywhere in the 16 M byte ad-
dress range. A single external 16202 Interrupt Control Unit
(ICU) can prcvide up to 16 separate interrupt vectors, expan-
dable to a maximum of 256 levels with additional ICUs. Each
entry in the despatch table is 32 bits long.
Static Base Register; this points to the base address for ad-
dress calculal ions used to access the global variables of a par-
ticular software module. All procedures within a module
access any common module variables relative to the base ad-
dress stored in this register. The provision of this feature is
particularly valuable in supporting the modular code produced
as a natural consequence of using high level languages such
as Pascal.
Frame Pointer; while the SBR is used as a base address for
module -wide global variables, the Frame Pointer performs a
similar function but provides a base pointer for a frame of local
variables and parameters which are relevant only to the
currently executing procedure. This register is therefore
reloaded for each rew procedure within a module, whereas
the SBR is only reloaded on the commencement of a new
module, which may itself contain many procedures.
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Module Register; all NS16000 programs are organized as
modules, and each module consists of three components,
namely the program code, the static data, and a link table
which contains entries describing any variables or procedures
which may be needed but happen to be resident in other
modules. Also provided is a Module Table which must be set
up in low memory to contain a Module Descriptor for each
module used by a program. There are three 32 bit entries in
each Module Table comprising a Static Base address (to load
into the SBR), a Link Base address, which points to the start of
the module's Link Table, and a Program Base address which
points to the start of the code. The 16 bit Module Register is
used to hold the base address to the Module Descriptor for
the current module. (Phew!)
PC, SPO, SP1 and PSR; the remaining four dedicated
registers are fairly conventional, and consist of a 24 bit
program counter (PC), two 24 bit stack pointers (SPO and
SP1) and a 16 bit flag or status register (PSR).

Also worthy of note is the four bit Configuration Registe (CFG)
which lives within the control section of the CPU architecture. This
register can only be modified via the special SET CFG instruction,
and it is used by the programmer to declare the presence of various
external peripheral devices. The I bit informs the processor that an
external vectored interrupt controller (e.g. the NS 16202) is pre-
sent, and that a vector will be provided. The F, M, and C bits per-
form a similar function for the floating point arithmetic unit (NS -
16081), the memory management unit INS 160821, and any
presently unspecified "Custom Slave Processors".

Before leaving the subject of the sophisticated register set of the
NS16000 series, it is also interesting to note that the register ad-
dressing scheme used actually supports the use of additional
registers outside the CPU chip itself. For example the NS16081
provides another eight general purpose registers and one special,
all of which can be treated as though they are part of the basic CPU
set. This is an extremely useful facility and provides a lot of
"stretch" potential to the current architecture.

INSTRUCTION SET
The instruction set of the 16000 series of processors will bring

tears of joy to the eyes of system software writers, because it is so
. symmetrical and efficient, and because it comes closer than any I
have seen to the ideal for use with high level language compilers.

Instructions can be used with any of nine addressing modes, any
of the byte, word, and double word data types, and can employ any
of the general purpose registers. In addition, the instructions can all
specify at least two operands, and in some cases up to five. Each
basic instruction consists of between one and three bytes of code
which may be optionally extended depending on the instruction
type and addressing modes selected as follows:-

OPTIONAL BASIC

IMPLIED DISP. 2 DISP. 1 INDEX INDEX GEN., GEN.

IMMEDIATE BYTE BYTE AMR. ADDR. OPCODE

IMM 2 IMM 1OPERANDISI 2 1 MODE MODE

1 2

There are over 100 basic instruction types as shown in the
listing. Four standard addressing modes are provided as follows:-

REGISTER Used to specify an operand located in one of
eight internal general purpose registers, or in the case of cer-
tain slave processor instructions, one of eight external general
purpose registers.
IMMEDIATE Used to specify an operand encoded with the
instruction (as usual).
ABSOLUTE Used to specify an absolute memory address,
although in this case the "absolute" value is really a displace-
ment from a base register.
REGISTER RELATIVE used to form a register -indirect ad-
dress computed from the contents of a general purpose
register and a displacement value issued with the instruction.

And in addition a group of five so-called high -level -language
modes are provided to satisfy the needs of compiler writers:-

MEMORY MODE This mode is similar to Register Relative,
but in this case a dedicated register is used.

MEMORY RELATIVE This mode allows the direct use of
address pointers stored in main memory without the need to
first load the pointer value into a CPU register. This is useful
for rapid access to tables of data or records in RAM.
EXTERNAL This mode is unique to the NS16000 series and
provides support for the "software -module" approach (men-
tioned in the register section) by providing a means to access
operands that do not reside in the currently executing module.
TOP OF STACK Ano:her NS16000 family special, this mode
provides push and pop access to operands on the stack for all
instructions, not just hose provided specifically for the pur-
pose as in most other processors. This is particularly useful for
arithmetic procedures.
SCALED INDEX This mode provides "smart" indexed ad-
dressing to allow access to arrays of data organised on a byte,
word, double word, or quad word, basis. A general purpose
register value is used as the index, and this is automatically
multiplied by one, two, four or eight to achieve the correct
stepping increment for the particular array data type involved.
Thus a single register increment operation can be used to step
through arrays of data organised to contain 64 bit entries.

No doubt many readers (including, it must be admitted, the
author!) will find the above addressing modes rather daunting and
beyond past experience or recognised need. Fortunately, the only
people who really need to come to grips with these fancy features
are the system software and compiler writers. This is because, as
mentioned earlier, ordinary mortals like us will only need to write
code for the NS16000 in a high level language such as Pascal,
where all these sophisticated capabilities only become obvious
when we notice that our program runs very fast indeed and uses
very little memory. What a relief!

Trying to summarise the instruction types available is also a
daunting task. Suffice to say that everything you are likely to need
is there in abundance including multiply and divide, BCD
arithmetic, string handling and bit manipulation. If there is anything
missing, however, it can always be provided via a "custom slave"
processor since the instruction set provides direct access to this
facility. In a similar vein, a complete set of floating point math and
memory management instructions are included for use on systems
containing the 16081 and 16082 devices. This is a great deal sim-
pler than the load/unload operations often required by other micro-
processors to gain access 'o their dedicated slaves.

VIRTUAL MEMORY
One of the most important features of the NS16032 and its

cousins is that they supoort the concept of "Virtual Memory".
Since this National family is the first we have covered in the
Microfile series to feature this useful capability, it is necessary to
have a look at the concept and the way that NS16032 handles it,
in more detail.

With the size of software modules growing ever larger, and with
the need for multiple programs to "time-share" the CPU resources,
then even with the low cost of today's dynamic RAM chips, system
designers find it difficult to provide a sufficiently large physical
memory space to allow all programs and users sufficient space.

One way to overcome this problem which is supported by many
disc BASICs, is to use an overlay mechanism by which the
programmer, realising that his code is becoming too large to fit
comfortably in memory, can divide his program into a number of
overlay segments, only one of which is loaded from disc into RAM
at any one time. The trouble with this technique is that the
programmer must make tie overlay decisions himself while writing
the program and on mutt -user systems it is virtually impossible to
decide in advance just how much memory will be available at run
time.

A much neater technique would be to let the programmer use as
much memory space as he needs, without the need to worry about
overlays, and then let the system decide at run time how much
phys cal memory can be allocated. This is just what the Virtual
Memory concept provides, but a processor using it has a problem
on its hands which can only be solved by additional chip complex-
ity. If the operating system allocates 4K bytes, for example, and the
program happens to be 40K bytes long, then when the processor
attempts to fetch the (4K + 1)th code byte, it must be able to
recognise its "mistake", abort the current instruction, and ensure
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that the operating system is informed so that another chunk of
code can be loaded from disc into the allotted space, and execution
resumed without the loss of a single instruction. This is obviously a
neat trick if you can pull it off, and fortunately for us, the NS16000
family can!

When mated with an NS16082 MMU the NS16032's 16M byte
logical address space is effectively divided into 32,768 pages, each
of a fixed size of 512 bytes, which may (or may not) be represented
in physical memory. Each program or task can make use of an ap-
parent 16M bytes of memory, although in fact, the MMU relocates
the addresses it receives by mapping them into the actual physical
memory available. Programs and data are swopped in and out of
memory in units of a page, in an operation transparent to the
programmer (other than by its effect on execution time), stage
managed by the MMU and processor working together under the
control of an appropriate virtual memory operating system
software package.

The MMU uses an address table stored in RAM to map from
logical to physical space, and in addition to address information,
table entries include five bits which provide the MMU with infor-
mation about the status of the page concerned, as follows:-

V=Valid Bit, which indicates whether the page is actually pre-
sent in memory. R=Referenced Bit, which indicates whether
the page has been accessed. M=Modified Bit which indicates
whether the page has been written into. PL=Protection Level
field (2 bits) which indicates whether the page can be used for
Read Only or Read/Write operations.

These status bits provide all the necessary information for the
proper implementation of a Virtual Memory operating system and
its page swopping algorithms.

When the MMU receives an address for translation, it checks the
Valid Bit in the page entry to see whether the required page is ac-
tually resident in physical memory. If it is not, then the MMU
detects a "page fault" and generates an ABORT signal which
causes the processor to halt execution of the current instruction.

In effect the ABORT signal is like an interrupt, and causes the
processor to restore register information to its status before the
current instruction was attempted, and then to call the operating
system to sort the whole mess out. Horrific and tangled though the
job may seem to us, the NS16032 (with the aid of suitable system
software) is able to find a suitable page space, store the code
already resident there onto the disc, load the next page from disc
into RAM, and get the whole thing up and running again in next to
no time.

Needless to say, the availability of a Virtual Memory operating
system on a desk top microprocessor will endow that humble
system with capabilities which are currently far above its status.
Such systems will no doubt become available quite soon, thanks
not only to the NS16000 family, but also to the availability of
capacious, cheap and fast access Winchester hard -disc drives.

SOFTWARE
The Achilles heel of all radically new microprocessors is to be

found in the level of software support that they enjoy. With the
NS16032 National have had to start from scratch, but despite this
fundamental obstacle, they have managed to produce (with the
help of third party software houses) a creditable array of software

tools which includes about five operating systems and thirteen
languages!

Included among the operating systems are old favourites like
UNIX (employing Virtual Memory), and CP/M in its Concurrent
CP/M form from Digital Research.

All of this is very encouraging, but what counts in the end will be
the availability of applications packages such as spread -sheets,
word -processors, and payroll ledgers, and these are traditionally
supplied by a lower echelon of third party software houses over
which National can have no control.

What National have to do, and they know it, is to keep up such a
barrage of ballyhoo that the World will finally succumb and
generate a demand for such software. If they stop now, regardless
of how wonderful their new processor family may be, the whole
thing will fizzle out like a damp squid.

INTERFACING
There seems to be little point in delving too deeply into the

hardware interfacing of such a mighty machine, because it will be
some time before the average hobbyist will pluck up the courage to
tackle a project based upon the NS16032! Not that there is
anything especially difficult about designing and building such a
system, the problem in this case lies in developing the software to
do the system justice. With the availability of easy -to -interface
memory and peripheral chips we enjoy today, the assembly of an
NS16032 system would probably be a lot simpler than building
one of those "8080A and 4K of dynamic RAM" systems of
yesteryear.

Suffice to say that, as we have come to expect, the 16032 uses
a form of NMOS technology, operates from a five volt supply, and
provides all the necessary bus signals to make interfacing
straightforward. About the only surprising thing concerning this
device, in fact, is that it does require a separate clock generator and
controller chip, the NS16201, which uses a 24 pin package.

APPLICATIONS
There can be little doubt that the NS16032 is the most powerful

and capable 16 bit microprocessor yet developed, and if there is
any justice in this world, it should go on to establish a star-studded
career for itself in the data processing system market.

At present, however, it is difficult to imagine how such a device
can be used to advantage in a small home computer application
unless it is provided with at least one Winchester disc drive to act
as a backing store. An NS16032 saddled with only a cassette port
would be rather like a Porsche deprived of its wheels: lots of fun
revving the engine but it won't actually be able to go anywhere!

Fortunately for us, Winchester disc drives are getting cheaper,
and even Sir Clive will be offering one as an optional peripheral
with his new QL machine so perhaps we won't have too long to
wait before we can all tap the power of National's behemoth. One
system which may be first in line for an NS16032 upgrade is the
BBC micro, for which such a facility has been planned since before
the original launch, while the NS16000 family was still just a
twinkle in National's eye.

One thing is for sure though, this device is not the thing to use
for your doorbell or central heating controller!

r ..__...___- __ . __ _...

MNEMONIC DESCRIPTION MNEMONIC DESCRIPTION

MOVES LOGICAL AND BOOLEAN

MOVi Move a value. AND Logical AND.
MOVQi Extend and move a 4 -bit constant. ORi Logical OR.
MOVMi Move Multiple: disp bytes. BICi Clear selected bits.
MOVZBW Move with zero extension. XORi Logical Exclusive OR.
MOVZiD Move with zero extension. COMi Complement all bits.
MOVXBW Move with sign extension. NOTi Boolean complement: LSB only.
MOVXiD Move with sign extension. Scondi Save condition code (cond) as a
ADDR Move Effective Address. Boolean variable of size i.
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INTEGER ARITHMETIC CPU REGISTER MANIPULA-ION
ADD'
ADDOI
ADDCI
SUBI
SUBC1
NEGi
ABS'
MULI
QUO
REMi
DIVI
MOD'
ME Ii
DEli

Add
Add 4 -bit constant.
Add with carry
Subtract
Subtract with carry (borrow)
Negate (2 s complement).
Take absolute value.
Multiply.
Divide, rounding toward zero
Remainder from QUO
Divide. rounding down
Remainder from DIV (Modulus)
Multiply to Extended Integer
Divide Extended Integer

INTEGER COMPARISON

CMPI Compare.
CMPQ1 Compare to 4 -bit constant.
CMPMi Compare Multiple disp bytes.

PACKED DECIMAL (BCD)

ADDPi Add Packed.
SUBP1 Subtract Packed

FLOATING POINT

MOVf
MOVLF
MOVFL
MOVif
ROUNDfi
TRUNCfi
FLOORfi
ADDf
SUBf
MULE
DIVf
CMPf
NEGf
ABSf

LFSR
SFSR

SHIFTS

LSHI
ASH!
HOT!

BITS

TBITi
SBITI
SBITIi
CBITi
CBITIi
IBITi
FFS1

Move a Floating Point value
Move and shorten a Long value to Standard
Move and lengthen a Standard value to Long.
Convert any integer to Standard or Long Floating.
Convert to integer by rounding
Convert to integer by truncating, toward zero
Convert to largest integer less than or equal to value
Add
Subtract.
Multiply.
Divide.
Compare
Negate.
Take absolute value.

Load FSP
Store FSR

Logical Shift, left or right.
Arithmetic Shift, left or right.
Rotate. left or right.

Test bit.
Test and set bit.
Test and set bit, interlocked
Test and clear bit.
Test and clear bit, interlocked
Test and invert bit.
Find first set bit.

JUMPS AND LINKAGE

JUMP Jump
BR Branch (PC Relative)
Bcond Conditional branch
CASE1 Multiway branch.
ACBi Add 4 -bit constant and branch if non -zero
JSR Jump to subroutine
BSR Branch to subroutine
CXP Call external procedure
CXPD Call external procedure using descriptor
SVC Supervisor Call
FLAG Flag Trap
BPT Breakpoint Trap
ENTER Save registers and allocate stack frame
EXIT Restore registers and reclaim stack frame
RET Return from subroutine
RXP Return from external procedure call
RETT Return from trap. (Privileged)
RETI Return from interrupt (Privileged)

SAVE
RESTORE
LPRI
SPRi
ADJSPI
BISPSR1
BICPSRi
SETCFG

Save General Purpose Registers.
Restore General Purpose Registers
Load Dedicated Register
Store Dedicated Register
Adjust Stack Pointer
Set selected bits in PSR
Clear selected bits in PSR.
Set Configuration Register

MEMORY MANAGEMENT

LMR
SMR
RDVAL
WRVAL
MOVSUI

MOVUSi

ARRAYS

CHECK'
INDEX'

Load Memory Management Register (Privileged)
Store Memcry Management Register (Privileged)
Validate adcress for reading (Privileged)
Validate adcress for writing. (Privileged)
Move a value from Supervisor
Space to User Space. (Privileged)
Move a value from User Space
to Supervisor Space. (Privileged)

Index bounds check.
Recursive indexing step for multiple -dimensional arrays

MISCELLANEOUS

NOP
WAIT
DIA

CUSTOM SLAVE

CCALOc
CCAL1c
CCAL2c
CCAL3c

CMOVOc
CMOV1c
CMOV2c

CCMPc

CCVOci
CCV1ci
CCV2ci
CCV3ic
CCV4D0
CCV5OD

LCSR
SCSR

CATSTO
CATST1

LCR
SCR

STRINGS

MOVS1
MOVST

CMPSI
CMPST

SKPS1
SKPST

BIT FIELDS

EXT

INS'

EXTSI

INS&

CVTP

No Operation
Wait for interrupt
Diagnose Single -byte.

Custom Calculate

Custom Move

Custom Compare

Custom Convert

Loac Custom Status Register
Store Custom Status Register

Custom Address/Test (Privileged)
(Privileged;
Load Custom Register (Privileged)
Store Custom Register (Privileged)

Move String 1 to String 2
Move string. translating bytes.

Corr pare String 1 to String 2
Compare, translating String 1 bytes.

Skip over String 1 entries.
Skip, translating bytes for Until/While

Extract bit field(array oriented).

Insert bit field (array oriented).

Extract bit field (short form).

Insert bit field (short form)

Convert to E.it Field Pointer.
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1 -HE advent of cheap reliable small micro -computers, micro -
1 processors and micro -controllers should usher in an era of

spot -pricing for energy and public utility services which means
cheaper energy and public utilities for all. To keep up the
momentum, electronics experts must continue the good work by
rising to the challenge, studying spot -pricing systems and putting
the hardware and software elements of such systems together so
that they work efficiently.

INTRODUCTION
The energy and public utilities sectors will have to depend a

great deal for their future viability on electronic systems. Such
sectors are desperate to get their prices down following the oil
price rises of the 1970s, but to achieve this some drastic re-
thinking and restructuring of their methods of planning and
operation is needed. Fortunately today technology can cope
with such re -thinking and restructuring by encouraging spot -
pricing of these services, using the widest range of electronic
systems now available. Massive savings could be achieved by
using an interactive supply/demand spot -pricing system.

£200M per annum could be saved by remote meter reading

for instance. It is further estimated that £600-£700M might be
saved from oil burning power stations if this type of control
scheme were introduced.

The forecasting of demand is all important and an interactive
control system could save another £500M here. Stand-by sta-
tions and peak -time power availability could be optimised. In all
then savings in these sectors could reach £1400M+ per annum.

At present the planning of energy and public utilities' sectors
is much complicated by the fact that it takes many years,
possibly ten, to construct a project in them. The traditional plan-
ning process therefore tends to play safe by building up a margin
of spare equipment in case, in the event, demand for energy or
the services is greater than was forecast and/or more plant
providing these services is out of commission than was forecast.
Such margins of spare equipment can amount to 35% or more
compared with planned requirements and they are very costly to
provide. For operational planning, e.g. next week, month or
year, smaller margins of spare equipment are planned for.

SPOT -PRICING
Spot -pricing eliminates this traditional "playing safe" in plan-

ning and operation because it ensures that the demand for the

Costs (at 1979/80 price levels) Stage I Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

1983 1984 1985 1986 1987 1988

1 Cumulative savings possible in England and Wales (see Part 1) £100m £350m £650m £900m £1,100m £1.400m

2 Savings per year equals capital charges per annum allowable in
equipment for spot -pricing (per year) /100m £250m .E.300m £250m £200m £300m

3 Capital costs of equipment for spot -pricing (using 10% annuity
factor) allowable (per year) £1.000m £2,500m f 3,000m £2,500m f2.000m /3,000m

4 Number of consumers changed over to spot -pricing (per year) 50.000 150.000 500.000 5 million 10 million 5 million

5 Capital costs of equipment for spot -pricing allowable per
consumer (3 + 4) £20,000 £16,500 £6,000 £500 £200 £600

6 Allowable cost of microprocessors, activating devices and
communications channel (per consumer) £15,000 £12,500 £4.000 £300 £150 £350

7 Allowable cost of experimentation and consumer education
(per consumer) £5,000 £4.000 £2,000 £200 £50 £250

8 Main thrust of implementation Large Large Medium Small Small Residential:

Note: Consumer apparatus economy of scale reached industrial industrial & industrial commercial commercial Final stage

(stage I) at end of 1984: stage 2 at end of 1986. and large commercial: and medium and residential: and residential:
commercial: Follow-on comrrercial initial Follow-on
initial stage stage stage stage

Fig. 1. Implementation programme for interactive control with spot -pricing
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energy or service in question in the event never exceeds the sup-
ply. It does this by:

(i) charging short -run marginal cost prices.
(ii) providing virtually instantaneous communication be-

tween supplier and consumer by electronic hardware and
software systems which not only transmit information to
ensure that supply and demand always balance but also
control the joint producers/consumers systems to operate
in an optimum manner, in real time if necessary.

ECONOMY
Economists are satisfied that spot -pricing jointly optimises

the "welfare" (overall intrinsic benefits) of producers and con-
sumers at any instant in time: this must be an improvement on
the present pricing systems which are designed to optimise on a
hypothetical situation expected to occur in the energy or public
utility sectors at some point on the planning horizon. The spot -
price for energy or a public utility service is the short -run
variable costs, in the electricity case mainly fuel costs at any
particular instant in time, except on those rare occasions when
demand is trying to run ahead of supply, when a surcharge must
be added to bring supply and demand back into line. There are
no capital charges, fixed charges etc., because investment is part
of a related but quite separate process to pricing. Investment will
have a much more entrepreneural nature. Spot -pricing enables
all producers of energy or suppliers of the service, part-time or
full-time, private of public, to fully play a part in supplying the
total need, not as is the case today when part-time electricity
generators, for example, do not get a fair price for their product.

IMPLEMENTATION OF SPOT -PRICING
Fig. 1 gives an illustration of the kind of stages of implemen-

tation of a spot -pricing scheme and of the costs and cost savings
that might be involved. Such an implementation table must even-
tually be drawn up for all energy and public utilities sectors for
every country in the world. Implementation may well be carried
out first in the developing countries because these countries have
most proportionally to gain from the savings made by spot -
pricing, especially the oil -importing developing countries where
both investment capital and fuels are in short supply.

The equipment needed for implementing spot -pricing is
illustrated in Fig. 2 and Fig. 3. This equipment, especially when
used in the industrial sectors, must allow data and information
to pass accurately and instantaneously between producers and
consumers and vice -versa. The equipment can be broken down
into three broad categories:

(i) Producer control and data/information, supplier/receiver
apparatus.

(ii) Consumer control and data/information, supplier/
receiver apparatus.

(iii) Transmission hardware and software systems between
producers and consumers.

Fig. 4 (overleaf) shows this in greater detail.

Producers' and consumers' control apparatus has been under
development for many years, e.g. to cater for the needs of load
management control in the energy and electricity sectors, es-
pecially for industrial users. One such system has been devised
by the South Eastern Electricity Board (Fig. 5). It incorporates
microprocessor based Credit and Load Management Units
(CALMU's). These units would replace present meters and their
associated equipment. This system is in its infancy and at pre-
sent is undergoing tests. What is needed after these tests is a
hard look at how to make such apparatus as reliable and as
cheap as possible, and to make any improvements in the other
apparatus listed.

Public Electricity Utility
Generation, transmission and distribution
Operation, scheduling and control
Spot -pricing and premium assessments
Billing and collecting
Plant investment

Consumers
Load scheduling
Optimising use of plant
to spot pricing

I

ti
Private Generation
(Renewable energy
source)
(District heating.)

Consumers with
own Generation
Load scheduling
Optimising use of plant to buy back prices
Generation scheduling
Multipurpose plant investment

Fig. 2. The market place and institutional framework
with full interactive control

Power uhhttl

Power uhhty to Consumers cc,.r.s/ centre

I
Display I

ELECTRICITY kW

ELECTRICITYChr kW H

D.splay 3
VITAL LOADS

STATE

D.splay N
NEXT LOAD

CHANGE

t

Acton trio way

Load group

P sn'"N\
button j

MAIN
COMPUTE R

Push
button 2
MICRO

COMPUTE
A

button 3
MICRO

N

Consumers con rot centre pant
to separate mdustrol pccesses

F RE Vl(NCY

VOL AGE
OK'

POWER ACTOR
OK'

THIS APPARATUS
010

Acton] two way Action two way

Load group ploadgroup

Fig. 3. Basic elements of an industrial consumer's
interactive load control unit
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Electricity Producers (full-time or part-time)
Automatic generator control
Automatic system control
Automatic data collection, storage and processing
Data and information systems
Data transmission systems (internal)
Management information systems
Producers/consumers interfaces

Data Transmission
Electricity, mains -borne
Public radio, private radio, transmission and reception
Public telecommunications network

Electricity Consumers (Industrial)
Micro -computers and micro -processors
Micro -controllers for industrial processes
Data and information systems
Data transmission systems (internal)
Management information systems
Consumers/producers interfaces

Electricity Consumers (Commercial and Domestic)
Micro -computers
Mini -controllers for energy and energy related systems
Management information systems
Consumers/producers interfaces

Other applications
Remote reading of electricity. gas, water and telephone
usage
Payment of accounts for public utility and other
services
Consumer relations with producers
Fault recording

Fig. 4. Opportunities for equipment manufacturers and
contractors with energy spot -pricing

TRANSMISSION HARDWARE AND SOFTWARE
SYSTEMS

Fig. 5 shows the three modes for data/information transmis-
sion:

(i) Using the public utilities' own system of wires/pipes, etc.
(ii) Using radio.
(iii) Using the public telecommunications network (PTN).

C A I In U

£028:85 Cer

TIME

TARIFF

UNITS

CLEAR
CANCEL

nEC

7
GAS

8
WATER

9

RN
2

PAY
ENTER

LOAD

3

MAX
DEMAND

Credit and Load Management Unit (CALMU). This
microprocessor controlled consumer unit will interact
with the electricity board, optimising tariff rates and
replacing the old meter system

These three modes, and especially the first two, have under-
gone extensive testing over many years and must be counted as
technologically proven. However, there is still room for improve-
ment and reductions in cost.

OPENING FOR ELECTRONICS
The author believes that spot -pricing of all energy and public

utilities' services in every country in the world is inevitable and
will be completed over the next 25 years. This includes a number
of sectors: coal, oil, gas, electricity, water supply, telephones,
roads. railways. shipping, airways. and probably banking and
wholesale/retail marketing. The amount of cheap, reliable, small,
efficient, plentiful electronic hardware and software equipment
that will be required is truly immense, and it is up to the elec-
tronics industry as a whole to make it, sell it. supply it. test it.
install it, and maintain it.

ft,

District Heating
Control Centre

Gas
Utility

Location
I) At Telephone Exchange for PTV

OR
2)At Electricity Substation for PEN

Communications
Node

(egDistrict Office)

To Electricity Control
and Account Centres

PT

Water
Utility

Telephone
Accounts Centre

EZZO

flEg2

To Electricity
Control Centres

Key.

PTN= Public Telephone
Network

PEN= Public Electricity
Network

Fig. 5. S E E Board CALM U interactive control communications network
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I N this series so far we have used TTL
gates to illustrate many of the basic

principles of digital electronics. We
also mentioned in Part One that these
basic principles apply equally to logic
families other than TTL, and in this last
part of the series we will be looking to
see how well the theory works in prac-
tice. As an alternative to the TTL
family, we have chosen CMOS, a logic
family which is fast emerging as a rival
to TTL. We will start, therefore, by
looking at some of the background to
this emergence of CMOS as a popular
general purpose logic family.

HISTORY OF CMOS
Until 1962 the only monolithic in-

tegrated circuits which were available
used bipolar transistors as their basic
active elements. In that year RCA
developed the first i.c.s to use field
effect transistors (FETs) as their basic
elements. Since then, quite a number
of ranges of digital i.c.s based on FET
technology have been produced, and
these have been given the general
classification of MOS (metal -oxide -
silicon) devices. Many of them actually
now use a technology which has
moved on beyond the basic FET, and
usually now involves insulated gate
FET types (IGFETs), but the general
name remains. Some MOS digital logic
uses only p -channel (PMOS) IGFETs,
and some uses only n -channel (NMOS)
IGFETs. The Complementary MOS
(CMOS) logic family, however, uses a
combination of both p -channel and
n -channel IGFETs in its basic gate
circuit.

Single -channel PMOS, developed
from 1962 onwards, has been widely
used in complex digital systems. Its
use, however, has been largely con-

CMOS
fined to custom -designed devices.
PMOS is easily recognised because of
its negative supply rail, and is commer-
cially much easier to produce than
NMOS. Even so, only a few off -the -
shelf PMOS i.c. families have appeared
from more than one manufacturer, and
consequently there has been little sup-
port for PMOS as a general purpose
logic family.

With CMOS, however, the story has
been rather different. The first commer-
cial CMOS logic circuits (the CD4000
series) were produced by RCA in 1968.
Although successful in their own way,
the real breakthrough came in 1971
with the introduction of the much im-
proved CD4000A series. This was due
in no small part to the simultaneous
production of the first "COS/MOS
Integrated Circuit Manual". This
designer's handbook has since
achieved the same sort of following as
TI's legendary "TTL Data Book", and
is required reading for any CMOS
designer.

Since the introduction of the
CD4000A series, the range and perfor-
mance of CMOS has steadily im-
proved, and CMOS i.c.s are now
offered by a significant number of
manufacturers. The current standard
CMOS range, the CD4000B series,
was introduced in 1976 and represents
a very significant improvement over
the earlier A -series. Meanwhile, CMOS
technology continues to advance, and
the latest high-speed CMOS has the
speed and drive capability to match
LSTTL. This brings the story of CMOS
up to date and identifies the B -series
as the designer's current standard. It is
now time, therefore, for us to look at
the technology behind the name:
"What is CMOS?"

BASIC PRINCIPLES OF CMOS
We will begin our study of CMOS by

looking at some of the basic charac-
teristics of the most popular CMOS
logic range. The essential features of
the CMOS 4000B series are sum-
marised in Table 1. We would point out

The circuits work over a very wide
power supply voltage range, typically
from +3 to +15 volts.
The output changes from 0 to 1 at
exactly halfway between VDD and
Vss, giving good noise immunity.

Operating current is extremely low,
particularly at low switching fre-
quencies. CMOS circuits consequen-
tly run very cool.
The inputs to gates behave almost as
if they are open circuits, and are thus
very easy to drive.

The unloaded output logic swing
goes from Vss to VDD.

The output stages do not generate
large current spikes on the power
lines, and thus CMOS circuits
generate little noise of their own.
The output transition times are
usually longer than the gate delay
times. This means that gates tend to
swallow glitches and system noise.

Table 1. Essential features of
CMOS logic

that the supply connections in CMOS
are referred to as VDD and Vss, where
the 'D' and 'S' refer to the drain and
source of an n -channel FET, respec-
tively.

The simplest of all CMOS gates is
the inverter, and the internal circuit of a
typical CMOS inverter is shown in Fig. 1.
The circuit shows how an n -channel
pull -down driver device (TR2), and a
p -channel load device (TR1) are used in
a complementary configuration. When
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IPE151241

Fig. 1. Internal circuit of a CMOS
inverter

the output is at either logic 0 or logic 1,
the gate draws only an extremely low
(leakage) current from the supply. The
only significant power dissipation
therefore occurs during transitions of
the input signal. This causes power dis-
sipation in a CMOS circuit to depend
primarily on the frequency of signal
changes. The quiescent consumption is
simply the product of supply voltage
and the (very low) leakage current. This
is in significant contrast to, say, TTL
where the power dissipation is essen-
tially constant.

The internal circuits for CMOS
NAND and NOR gates are shown in
Fig. 2 and Fig. 3, respectively. One of
the things we notice when comparing
these circuits with their TTL counter-
parts is the lack of an equivalent to
the multi -emitter transistor which is
characteristic of TTL gates. The FETs in
the input circuit are distinct devices,
rather than being part of any multi -
gate FET arrangement. The end result,
however, is little different since the
advantages of FET technology remove
the need for such a device; no overall
advantage would be gained.

In practice, the complete circuits for
these gates are rather more complex
than those shown because, for clarity,

INPUT A 0

INPUT B

IPEIS26OI

DIGITAL ELECTRONICS
Boo

ipt,s23c)

Fig. 2. CMOS NAND gate circuit

we have omitted the diode clamp
protection circuits which are usually
found on the gate inputs. The
breakdown voltage of the MOS gate
oxide is about 100V, and although this
may seem a lot, the very high
resistance and low capacitance of the
gate inputs mean that this voltage can
easily be exceeded by static electricity.
As may be imagined, this caused many
problems with the handling of the early
MOS circuits, and input clamp circuits
are now usually to be found on each
CMOS input. The input clamp circuits
found in CMOS i.c.s are usually similar
to the one shown in Fig. 4.

The irternal circuits shown so far
relate to the original A -series CMOS
gates. The B -series was introduced in
1976 to overcome some of the
shortcomings of the earlier CMOS
devices. Internal buffers, usually con-
sisting of a pair of inverters, were
added to all outputs. The difference
between the A- and B -series devices
can be seen by looking at the internal
circuit of a B -series NOR gate shown in
Fig. 5. The equivalent logic arrange-
ment for this circuit is shown in Fig. 6.

I/P A

I/ B

[PE 1524G1

Fig. 3. CMOS NOR gate circuit

V00

EXTERNAL
CATE INPUT

PIN

vs

Fig. 4. Input clamp circuit

Voo

0/P

0405 INTERNAL
GATE

CONNECT ION

A 0.1:::::H>OH:>0__0
X

Fig. 6. Equivalent circuit for B -
series NOR gate

These buffers equalise the output drive
in both directions, equalise the signal
rise and fall times, and improve the
gale speed. In addition, the B -series
generally puts right a number of 'un-
desirable' characteristics which found
their way into some of the earlier A -
series devices.

I

Fig. 5. B -series CMOS NOR gate
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DIGITAL ELECTRONICS
A more recent development in

CMOS is based on the B -series. The
UB-series is similar to the B -series, but
the gates have no output buffers,
resulting in a reduced propagation
delay, and hence increased speed.
Generally speaking, the B -series
devices have now completely replaced
the A -series CMOS devices, and for the
remainder of this article we will con-
cern ourselves only with the B -series.

The transfer function for a CMOS
inverter is shown in Fig. 7, and is
significantly different from the corn -

INPUT

OUTPUT

Fig. 7. Transfer function for a
CMOS inverter

parable TTL characteristic. The output
of a CMOS gate changes state exactly
halfway between the two extremes of
the power supply voltage limits VDD
and Vss, usually the +ve and ground
rails, respectively. This type of transfer
function gives CMOS the best possible
noise immunity. The actual logic
thresholds for CMOS gates are given in
Table 2, where we note that the
thresholds are specified in terms of
VDD and Vss, rather than absolute
voltages. This is a reflection also of the
wide range of supply voltages over
which CMOS can operate.

Input Logic Thresholds

Logic 0:

Logic 1:

70% to 100% of VDD

Vss to 30% of VDD

Table 2. CMOS logic input
thresholds

POWER SUPPLIES
CMOS is basically a low power logic

family, and one which can operate
from a wide range of supplies. The two
supply rails for CMOS, Vss and VDD,
are usually arranged so that Vss is at 0
volts and VDD is at +ve volts. This,
however, is not always the case, and
the supply rails could for example run
at -5/+5 volts, respectively. For the
remainder of this discussion, however,

we will assume the normal supply con-
figuration.

CMOS will operate from any supply
in the range +3 to +18 volts, and is
reasonably tolerant of voltage ripple
and line regulation. The optimum sup-
ply voltage, however, is in the range
+9 to +12 volts, where fast operation,
good noise immunity and high drive
capability is available. At +5 volts, we
find that these factors are degraded by
a factor of about two. On the other
hand, running CMOS at much above
+12 volts does not provide any signifi-
cant improvements in performance,
and can lead to overheating problems.

Although CMOS is much more
tolerant than TTL, it is still always good
practice to pay due attention to proper
supply decoupling and distribution. To
this end, we can apply much the same
rules to CMOS as we have been using
for power supply distribution and
decoupling in TTL circuits. If we follow
the guidelines used for TTL, we will
usually end up with a 'safe' design. In
general, the current required from the
power supply will be significantly less
than a TTL circuit of comparable size.
For example, a +12 volt, 200mA sup-
ply should be adequate for all but the
largest CMOS circuits. We should
always remember, however, that non -
logic loads (such as I.e.d.$) require the
same amount of power, irrespective of
the logic family in use. This is an easy
point to overlook. As always, it is better
to play safe when designing the power
supply and its distribution, rather than
have to go back later and do it again
properly.

Working out the expected power
dissipation for a CMOS circuit is a little
more involved than it was for TTL. This
is due mainly to the fact that the supply
current for a CMOS gate depends on
switching frequency, in a manner

vaiszlol FREIVENCY1H,

Fig. 8. Supply current variation
with frequency

typically as shown in Fig. 8. In practice,
i.c. supply current figures are usually
quoted at one or more operating fre-
quencies, and often for more than one
supply voltage. Typically supply
currents are quoted at 1 MHz and at
+5/+10/+15 volts. For intermediate
conditions, we can calculate the
corresponding figures from the fact
that doubling/halving the frequency
has the effect of exactly doubling/halv-
ing the supply current, respectively.
Similarly, doubling/halving the supply
voltage will double/halve the supply
current.

As an example, a CD4000B NOR/in-
verter connected to a +10 volt supply
will typically draw a quiescent current
of around 10nA (0.00001 mA).
Operating at 1 MHz, however, the sup-
ply current will typically rise to 0.6mA.
Reducing the supply voltage to +5
volts, on the other hand, will cause the
supply current to fall to 0.3mA. By
reducing the frequency to 500kHz, the
current will be further reduced to
0.15mA. For comparison, the supply
current for a TTL 7400 gate is around 8
mA at a 50% duty cycle, and is sub-
stantially independent of frequency.

UNUSED INPUTS
CMOS logic gates are intended to be

used in digital mode, with their inputs
at either Vss VDD, and under these
circumstances we have seen that
almost no supply current is drawn. If,
however, an input is left to float, it can
cause the gate to stray from its digital
region into the linear (active) region.
One effect of this change of operating
mode will be to significantly increase
the supply current being drawn. This
rise in supply current will be in addition
to the effect we encountered with TTL,
and which applies equally to CMOS,
whereby any floating input can cause
the circuit to behave randomly.

Unlike TTL, a CMOS gate input
cannot be assumed to take up any par-
ticular default state. Some positive ac-
tion must therefore be taken to condi-
tion all unused gates/inputs in order to
prevent unexpected circuit behaviour.
In TTL, we are only normally concerned
with unused inputs on gates actually
being used in the circuit (e.g. the un-
used fourth input of a 4 -input NAND
gate). With CMOS, however, we must
consider all of the gates in any i.c.
which is connected to the power sup-
ply rails. If we forget about these
otherwise unused gates, they may still
consume considerable amounts of
power. Since this rise in supply current
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is often very difficult to track down,
our basic rule should be to disable all
unused gates when they are first put
into the circuit. This will avoid many
problems later.

We can disable CMOS inputs by
connecting them directly to one of the
supply rails, although which one is
used will depend on the type of gate in-
volved. One input of an AND/NAND
gate connected to Vss (logic 0) will dis-
able the whole gate, whereas +VDD
(logic 1) should be used for OR/NOR
gates. Either of the supply rails may be
used to disable buffers and inverters.
As with TTL gates, unused inputs on
multi -input gates may be tied to a used
input in order to disable it and prevent
unwanted circuit behaviour.

REAL CMOS GATES
Readers will by now probably have

become familiar with the device num-
bers of at least a few of the more com-
mon TTL devices. As time passes, the
pin numbers even start to spring
readily (if not always correctly!) to
mind-if in doubt always check with
the PE Logic Design Cards. One of the
problems often encountered when
starting to use a new logic family is a
feeling of being 'lost'. None of the
familiar numbers apply any more, and
the temptation is to return to TTL as
'the devil we know'. However, CMOS
offers significant advantages over TTL
in a number of areas, and even a
limited study can pay substantial divi-
dends. We will proceed, therefore, by
trying to fill in some of the missing
practical background by looking at
some of the currently available CMOS
devices.

Table 3 lists a selection of CMOS
i.c.s from the 40008 series, together
with typical figures for supply current
when operating from a +5 volt supply
at 1 MHz. The gates are all available
in standard 14 -pin or 16 -pin
packages which are identical in outline
to those we described for TTL devices.

Although CMOS devices are now
much more robust than the early types,
it is still advisable to observe some
simple handling rules. The main
problem, as we mentioned earlier, is
that CMOS inputs represent a very
high input resistance and a low
capacitance. This means that a

relatively small static charge can raise
the voltage at the gate input to quite
significant levels, and in extreme cases
this can still damage the i.c.s, despite
the input clamp circuits. The only safe
way to store CMOS i.c.s, therefore, is

DI AE

Device Function Package No of
Number Current Pins

NOR/NAND
4002 Dual 4 -input NOR
4012 Dual 4 -input NAND
4025 Triple 3 -input NOR
4023 Triple 3 -input NAND
4001 Quad 2 -input NOR
4011 Quad 2 -input NAND
4078 8 -input NOR
4068 8 -input NAND
4000 Dual 3 -input NOR

plus inverter
4077 Quad Ex -NOR
4093 Quad 2 -input NAND

Schmitt

OR/AND
4072 Dual 4 -input OR
4082 Dual 4 -input AND
4075 Triple 3 -input OR
4073 Triple 3 -input AND
4071 Quad 2 -input OR
4081 Quad 2 -input AND
4070 Quad Ex -OR

Buffers/Inverters
4069 Hex inverter
4502 Hex inverter/driver

3-S
4049 Hex inverter/TTL

translator
4050 Hex buffer/TTL

translator
4041 Quad inverter/

buffer

Flip -Flops
4013 Dual D -type
4027 Dual J -K
4043 Quad R -S NOR
4044 Quad R -S NAND

Monostables
4047 Single monostable
4098 Dual monostable

0.4mA
0.4mA
1.2mA
0.6mA
0.4mA
0.4mA
0.4mA
0.5mA
0.3mA

0.2mA
0.4mA

14
14
14
14
14
14
14
14
14

14
14

0.5mA 14
0.5mA 14
0.5mA 14
0.5mA 14
0.5mA 14
0.5mA 14
0.2mA 14

0.5mA 14
3.OmA 16

0.8mA 16'

0.8mA 16'

1.6mA 14

0.8mA 14
0.4mA 16
1.0mA 16
1.0mA 16

14
16

"Vss - pin 8 and +Vcc r- pin 1
All other devices have: Vss -- pin 7/8

VDD o'n 14/16

Table 3. A selection of CMOS
devices

with all of the pins connected together
in some way. This prevents any voltage
difference between the gate input(s)
and the rest of the i.c. The easiest
methods of storing i.c.s in this way is to
wrap them in aluminium foi , use black
conducting foam (loaded with carbon
particles), or keep them in anti -static
i.c. carriers.

While in circuit, it is a wise precau-
tion to ensure that any gate input
which goes off the circuit board is
never left completely unconnected and
floating. A 1MS2 resistor between the
gate input and ground will avoid this

RONICS .

problem, but without affecting normal
circuit operation. The resistor provides
a discharge path for the static, but
without upsetting the logic levels.

PE LOGIC TUTOR WITH CMOS
Now that we are familiar with some

of the basic principles, we can look at
how the PE Logic Tutor can be used for
developing CMOS circuits. In fact this
turns out to be almost as easy as for
TTL. No modifications, other than a few
simple additions, are required in order
to use the Logic Tutor with CMOS, so
long as a +5 volt supply rail is ade-
quate for the circuit in question. This
wall only actually be a limitation where
high speed CMOS applications are in-
volved.

This said, there are a number of fac-
tors which we should consider when
using CMOS with the PE Logic Tutor,
and which arise because it is basically
a -TL unit. We hope to use the discus-
sion of these points to demonstrate
some of the techniques involved in in-
terfacing CMOS to TTL. We begin by
looking at the interface requirements
and the buffer i.c.s which are available
specifically for converting between
CMOS and TTL.

INTERFACING CMOS AND TTL
The basic principle involved in inter-

facing between logic families is to
make logic signals from one family ap-
pear as if they could have come from
the other family, and vice versa. If we
can do this for CMOS and TTL, we
should then be able to connect CMOS
and TTL circuits together and take ad-
vantage of the special features of both
types of logic. As we might guess, the
i.c. manufacturers have anticipated our
needs in this area, and most of them
provide a range of devices to simplify
the interfacing task. Before looking at
these i.c.s, however, we will first look
at what is actually required to interface
between TTL and CMOS. When dis-
cussing CMOS/TTL interfacing, we
have limited the discussions which
follow to the most common situation of
CMOS operating from the same +5
volt supply as the TTL circuits.

Tit TO CMOS
At the input of a CMOS gate, the

logic levels should ideally be kept as
close as possible to OV and +5V, for
logic 0 and logic 1, respectively. In
extreme cases these levels can be
allowed to rise/fall to +1.5V and
+3.5V, respectively. In practice,
however, it is generally recommended
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that the input signals should keep logic
0 below 1V and logic 1 above 4V.
Looking back to TTL's output specifica-
tions, we recall that logic 0 is below
0.8V, and logic 1 is above 2.4V. A
TTL logic 0, therefore, represents no
problem at a CMOS input, but
something must be done, however, to
guarantee that the logic 1 level
provided by a TTL gate (still marginal at
typically +3.5V) is correctly recognised
by a CMOS gate. What we need to do
is to pull the logic 1 level closer to the
positive supply rail, while leaving the
logic 0 level unaffected.

The usual method of interfacing a
TTL output to a CMOS input is shown
in Fig. 9, and this arrangement works

+5V

OV

TTL CMOS --o-

IrEls3oo1

Fig. 9. Driving CMOS from TTL

equally well for any of the TTL sub-
families. Because CMOS inputs behave
almost like open circuits, and require
only around 100nA each, there is no
problem obtaining the necessary drive
current from a TTL gate. A single TTL
gate can then drive almost any number
of CMOS gates, and the usual practical
limit of around 50 is due more to the
extra capacitance represented by each
additional gate connected, than any
inherent drive limitation.

CMOS TO TTL
At the output of a CMOS gate, we

find that the voltages used for logic 0
and 1 present no problems for TTL
gates. The problem, instead, is with the
available drive current-just the op-
posite of the situation at a CMOS in-
put! A B -series CMOS gate is able to
sink approximately 0.44mA at logic 0,
and source approximately 0.16mA at
logic 1. This compares with the current
requirement of 1.6mA per standard
TTL load at logic 0. There is, however,
sufficient drive available for a standard
B -series CMOS output to drive one
(and only one) LS TTL gate. This has
the additional benefit of allowing us to
use an LS TTL gate as a high drive
CMOS buffer.

DIGITAL ELECTRONICS
To allow CMOS circuits to drive

more than one LS TTL load, or any
standard TTL loads at all, we must
provide additional current -driving
capability. The simplest way of doing
this is to use one of the CMOS-to-TTL
converters, the most common of which
are the 4049 and 4050 hex inverters
and buffers, respectively. These are
each able to drive up to two standard
or four LS TTL loads, or any other
equivalent load requiring up to 3.2mA
of current sinking capability. These
devices are extremely useful in all
types of interfacing applications, and
we will now look at how they can be
used to help CMOS circuit develop-
ment with the PE Logic Tutor.

THE 4050 AND 4049 TTL
BUFFERS

The internal arrangement of the
4050 hex non -inverting buffer and TTL
driver is shown in Fig. 10. We note in

IVEISMO

Fig. 10. The 4050 non -inverting
CMOS/TTL buffer

rPEI53ZGI

Fig. 11. The 4049 inverting
CMOS/TTL buffer

passing that the CMOS/TTL buffers are
among the few i.c.s in the B -series
which do not follow the standard
arrangement of power supply pin num-
bering. The six buffers in the package
are all electrically identical, and each
can drive up to two standard TTL loads,
or their equivalent. The 4049 is the in-
verting version of the 4050, and is
otherwise similar in all respects. The
internal arrangement of the 4049 is
shown in Fig. 11. Both the 4049 and
the 4050 can operate from power sup-
plies in the range 3V to 1 5V, but must
be used from a +5V supply when used
with TTL.

In order to use the PE Logic Tutor to

full effect with CMOS, we should
ideally buffer some of its facilities. The
logic state indicators in particular
should be buffered for reliable opera-
tion, although in many cases they will
not adversely affect the circuit if this is
not done. We suggest that a 4050
non -inverting buffer is used between
the CMOS circuit and the indicators D1
to D4. This may be wired up in a con-
venient socket, and then used for all
future CMOS circuit development. The
modified logic state indicator circuit
then becomes as shown in Fig. 12. We

BUFFERED
LOG IC STATE

INDICATOR
INPUT

(PEIS 3351
ov

Fig. 12. Logic state indicators
modified for CMOS

have included IMO pull -down resistors
in order to protect the floating logic
state indicator inputs. The two unused
buffers in the package must also be
disabled to prevent excessive current
drain.

The preferred method of wiring up
the modified indicator circuits (or any
other CMOS circuit) is to install the
wiring first, and only then insert any
i.c.s; this minimises the possibility of
any static -induced damage. The links
required for a 4050 in socket B are as
follows:

B3 to OV (via 1MQ) . . . New D1 i/p
B2 to D1
B5 to OV (via 1Mf2) . . . New D2 i/p
B4 to D2
B12 to OV (via 1MQ) . . . New D3 i/p
B11 to D3
B15 to OV (via 1MQ) . . . New D4 i/p
B14 to D4
B7 to OV (Unused gate i/p)
B9 to OV (Unused gate i/p)
B1 to +5V(Supply)
B8 to OV (Supply)

With the circuit above completed, the
logic state indicators D1/D2/D3/D4
now have their inputs at pins
B3/B5/B 12/B 15, respectively.

In order to ensure that the logic level
generators S1/S2/S3/S4 and the
CLOCK all produce CMOS-compatible
logic levels, we must add five 2.2k0
pull-up resistors at the signal outputs.
Each should be connected between
one of the S1/S2/S3/S4/CLOCK con-
nectors, and a convenient +5V point.
The generators/clock sources may then
be used as for TTL.
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Now that we have optimised the

Logic Tutor for CMOS, we can con-
clude this final part of the series by
looking at a few examples of practical
CMOS circuits. Rather than repeat any
of the ideas used for TTL, which for the
most part will work just as well in
CMOS, we will concentrate on applica-
tions which are special to CMOS.

TOUCH SENSITIVE SWITCHES
Touch sensitive switches are an in-

creasingly common part of everyday
life. They have come into widespread
use mainly as a result of the develop-
ment of MOS technology, which allows
them to be produced easily at low cost.
We can actually make a touch sensitive
switch from standard CMOS logic
gates, although in many applications
custom -designed multiple -switch i.c.s
are used. Whichever implementation is
chosen, the basic principles remain the
same.

Touch sensitive switch circuits all
have one feature in common; they have
a very high input impedance. We have
seen, however, that this is also true of
a CMOS gate input, which typically
has an input impedance in excess of
100M1. The problem facing us as
designers is how to use this property to
produce a touch sensitive switch? We
know that the high impedance/low
capacitance of a CMOS input means
that only a very low charge is required
to influence the voltage at the input.
The human body acts as a quite
reasonable aerial when it comes to
picking up 50Hz hum from the elec-
trical field produced by the mains dis-
tribution system. Thus contact with the
hand can be used to trigger a suitable
high impedance switch.

The circuit shown in Fig. 13 is based
on the 'human aerial' effect. The figure
shows the complete circuit, including

(I. (1534G)

Fig. 13. Touch sensitive switch
circuit

all of the necessary interfacing bet-
ween CMOS and the Logic Tutor. The
sensor pad is connected to R1, and can
take any convenient form, e.g. a small
circular piece of foil or copper -laminate.
For initial tests, the lead of R1 itself is
quite adequate. Large sensors should,
however, be avoided because they
tend to act as aerials in their own right,
and thus reduce the sensitivity of the
switch. If we experiment with ever -
larger pieces of foil, there eventually
comes a point when the switch is
always on. The switch circuit works
most reliably if it has a good earth, but
it will usually work quite adequately
without any additional earthing.

The sensor pad is connected via R1
to the input of one of the CMOS/TTL
translators in a 4050. R2 is included in
the circuit to tie the input to ground
when no signal is present; the switch
behaviour is otherwise indeterminate.
The combination of R1 and R2 sets the
sensitivity of the switch, which should
be kept as low as possible. Reducing
R1 or increasing R2 increases the sen-
sitivity, but be warned that a high sen-
sitivity makes the circuit more liable to
static damage and/or false switching
caused by power transients, etc. The
output of the gate is connected to the
Set input of a 4013 D -type latch
(similar to the TTL 7474, but with non -
inverted Set/Reset inputs). -his latch is
set whenever the switch is activated,
and remains in this state until reset by
pressing S2 (whose output is pulled
up by R3). The output state of the
switching gate is shown by D1, while
the output of the overall switch (i.e. the
Q output of the latch) is shown by D2.

The circuit is built on the Logic Tutor
by inserting a 4050 into socket B (pin 1
in B1), and a 4013 into socket F (pin 1
in F1), and adding the following links:

B3 to 10MQ
B3 to 10MQ
B2 to D1
B2 to F6
F5 to OV
F3 to OV
S2 to 2 2k0
S2 to F4
Fl to B14
B15 to D2
B5 to OV
B7 to OV
B9 to OV
B11 to OV
F10 to OV
F 1 1 to OV
F12 to OV
F13 to OV

(R1: to touch sensor)
(R2: other end to OV)
(Switch o/p display)
(Switch o/p to latch)
(Disable D i/p)
(Disable CK i/p)
(R3: other end to +5V)
(Reset i/p)
(Latch o/p)
(Latch o/p display)
(Disable i/p)
(Disable i/p)
(Disable i/p)
(Disable i/p)
(Disable i/p)
(Disable i/p)
(Disable i/p)
(Disable i/p)

B1 to +5V (Supply)
B8 to OV (Supply)
F16 to +5V (Supply)
F7 to OV (Supply)

As a final thought on touch switches,
we invite readers to extend our simple
switch circuit for use as an intruder
alarm. Adding a single 4000 i.c. should
make it possible to cause the switch to
trigger a pair of alternately flashing
lights whenever the sensor is touched.
As a suggestion, use the inverter in the
4000 to produce anti -phase CLOCK
signals to apply to the two OR gates,
use the d output from the latch to drive
both OR gates, two 4050 buffers to in-
terface the OR gate outputs to D3/D4,
and don't forget the unused OR gate
inputs! The whole circuit should still be
reset by pressing S2. The internal cir-
cuit and pin configuration for the 4000
dual 3 -input NOR gate plus inverter is
shown in Fig. 14.

IFE151561

Fig. 14. The 4000 dual 3 -input
NOR plus inverter

LIO.UID DETECTORS
Touch switches are not the only way

we can take advantage of the high in-
put impedance of CMOS gates. Liquid
level detectors are another interesting
application area, and here we use the
conductivity of the liquid itself to ac-
tivate a CMOS switch. Liquids are
usually considered to be poor conduc-
tors, representing high impedances to
the flow of electrical current. In CMOS
terms, however, liquids must be
viewed in a rather different light. The
conductance of many liquids is actually
enough to allow simple fluid detector
circuits to be easily constructed.

The circuit of Fig. 15 shows a simple
liquid level detector. The liquid sensors
can be any convenient conductors,
such as two lengths of bared wire, or a
pair of Veroboard tracks. Using two
tinned wires 10mm apart, D1 is
illuminated when they just touch the
surface of a glass of water. A damp
sponge has a similar effect, and the
sensitivity of the switch can be varied
by changing the spacing of the sensors
or the value of R1. These simple sen-
sors are suitable for a wide range of ap-
plications, and due to their low cost, a
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LIQUID
DETECTORS
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Fig. 15. Liquid level detector
circuit

large number can easily be used to give
accurate monitoring. It is an interesting
experiment to try different sensors and
adjust the switch sensitivity to allow

the ultimate in gardening luxury -
automatic garden watering! The idea is
to detect the falling conductivity of soil
as the moisture content of the soil falls,
and then turn on the sprinklers.

These few examples give an idea of
the versatility of CMOS, and indicate
that it is a logic family with which it is
fun to experiment. It obeys all the laws
of standard logic, but has a number of
added advantages, not least of which is
very low power consumption. When
used in conjunction with TTL, the
designer has perhaps the best of both
worlds.

We hope this brief look at CMOS
will give readers the confidence to ex-
periment with this 'new-fangled' logic
family. Good luck!

74C00 SERIES
As a final note, we feel it necessary

to mention the existence of one other
rather interesting CMOS family. The
74C00 series is a pin -for -pin, function -
for -function equivalent to the various
7400 TTL sub -families. All of the
74C00 series devices are compatible
with low power TTL, and their outputs
are each capable of driving one LS TTL
load. As such, the family can provide a
very convenient way of converting an
application from TTL to CMOS with the
minimum of circuit modification. It is
perhaps worth considering the 74C00
series as a possible alternative in-
troduction to CMOS.
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£299. Now f185. Derek Kennedy, 12 Herries
Road, Glasgow G41. Tel: 041 423 2115.
WANTED broken Spectrum for bits. Dave
Stewart. Tel: 0772 634897 Mr. D.I. Stewart, 22
Blenheim Drive. Warton, Lancs. PR4 1 DH.
ULTIMUM mother board (working) in case with
all psu's. Also chips for 16K Ram board £50. Mr.
J. Stevens, 18 The Harrage, Romsey, Hants. Tel:
(0794) 515884.
DATA dynamics 390 teletype. Includes printer,
keyboard, punch, reader, pedestal, and RS232
interface. £50. Tel: Horndean 592036 M.
Droney.
WANTED UK 101 Memory expansion board, eg
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ELECTRONIC ignition. Capacitive discharge for
negative or positive earth (no data). £6.50. Write
or phone. T.C. Sheridan, 46 Seymour Court,
Whitehall Road, North Chingford, London E4
6DZ. Tel: 01-529 0612.
WANTED Add On RAM for 8K UK101, 32K if
possible. T.E.D. White, The Gate, Llandinam,
Powys. Tel: Caersws 630.
TEKTRONIX 502A Scope. User Manual and or
Circuit Schematic wanted. J. Bartle, 28 High
Street, Bishopton, Stockton-on-Tees, Cleveland
TS21 1 HA. Tel: 0740 30512.
CLEARING out mixed bags transistors,
capacitors, resistors. 100+ items £2.50. Pots
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Johns Close, Leatherhead, Surrey.
PC1500, Printer, 4K Rampack, power supply,
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v.g.c. Brian Ward, Burnley. Tel: (0282) 50574.

COLLINS mechanical filters 455kHz, 3.1 kHz,
1 .5kHz BW. Mullard crystal filter 455kHz,
600Hz BW. £6 ea. Chelmsford 59033. J. H.
Gooday, 53 Lawn Lane, Chelmsford, Essex.
I need back numbers of Practical Electronics in
1982 and 1983 years. Ali Reza Mahabadi, 121
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TEST equipment HP5245L counter £75.
HP606A H.F. generator £50. Advance HI audio
generator £10. Chelmsford 59033. J. H. Gooday,
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TWO Mullard fast valve testers with cards £35;
Avo valve tester and analyser with manual £28.
Mr. A. Mabrouk, 21 Redington House, Rodney
Street. London Ni 9QQ. Tel: 01-278 4806.
TRIO TR2300 £100. New 4CX250B plus base
and chimney £60. Kenwood DM81 DIP -Meter
£25. C. Leyson, 56 Park Road, Whitchurch, Car-
diff. CF4 7BR. Tel: (0222) 626466.
WANTED: Ohio 610 Board and DOS 6503.3
or Vortex + FOC. Ockier Jan, MGR
Christiaensstraat 16, 8880 Tielt, Belgium.
8" disk drive, with interface for the UK101.
Power supply, leads, manuals and operating
software. £220. D. Fellows, 26 Westbourne
Avenue, Emsworth, Hants. P010 7QU. Tel:
102434) 5548.
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BI-PAK BARGAINS
PRECISION MORSE KEYS

X. X

Well designed beginners key. Fully adjustable.
Dims Base 82mm x 45mm. 0/No. VP 122. £1.85

4

Double -paddle, squeeze action.
Body dims: 83 . 65 x 35mm.

Weight 150g.
0/No. VP 123.£20.00

-

Vertical action. Robust ABS
body weighted with heavy

metal plate. Screw termi-
nals. Silver contacts.

Usua adjustments.
Body dims. 150

75 50mm.Weight
0.5kg.

0/No. VP 124

£21.00

ELECT & PIEZO BUZZERS

oNo VP 107
95p

ry

0 No VP 108
E1.15

PIEZO
Miniature round piety electronic
buzzer White plastic Low
consumption
Frequency NHz approx
Output 7010 IAI @ 1 lyp
Power Ind c lonA
Dons 2214a I II Sorer
Flung CenUes 1650.

PIEZO
Plezo buzzer Mete plastic 90mm

leads For use on ac morns
Frequency 3 5kIlz appro.
Output 8508 AlI @ Ins typ
Power 2Wa0 Sod
DIM 32 14k 1 1 4-nrn

hung centres 38mm

ELECTRONIC
Miniature electronic buzzers
Seed state Ivory plastic 150

leads Frequency 500 Hz- aeons,

0 ms 22 16 15mrn

0 tpul I2dB iAl @ rn typ
in.? centres 26rnm

Al 25mA 0/No VP 82 6V 25rnA VP 83
9V ZynA 0/No VP 84 115 25mA VP 86

110p melt

SUB -BOX
A neat sworelling disc povides
close tolerance substitution re.
sistors of 36 preferred values
horn 5ohrns to 1Kohtm Simply
fix clips into circuit and swivel
until optimum result is
achieved
0/No VP 112 E4.75

ANTERIA SWITCH 2 and 3 WAY
Co -axial switch for one transceiver
to two antennae or one antenna to
two transceivers. Dims 86 55
32mm ).

0/No. VP 1(Bod 1y3 £4.50
As above but 3 -way
0.No. VP 114 £4.75

' --1

HIGH PASS FILTER/SUPRESSOR
filter. Reduces

unwanted signals picked up by an-
tenna. Dims: 45 x 25 is 17mm
0/No. VP 115

45p

LOW PASS FILTER
Designed to reduce harmonics on
the VHS and TV band.
Cut-off frequency: 30MHz.
V.S.W.R.: Less than 1.2 to 1.
Insertion loss: 0.2dB @ 27MHz
Impedance: 50ohms.
Dims: 80 x 55 x 40mm
0/No. VP 116 £2.75

ANTENNA COUPLER
Transceiver/car radio anten-
na coupler. With co -axial
cables. One co -axial ter-
minates in antenna plug
and the other in PL259 plug.
Dims. 67 v 46 s 30mm x-
0/No. VP 117

£2.00

LOW-PASS FILTER
LP -30

AEC....-.

a

MINIATURE VICE
Miniature plastic and metal
vice with strong suction base
for portability Single action to
secure or release suction
Plastic laws with rubber pads
20nirm wide, open out to
40rnm Dims 85 65
EcOmm approx.

FANTASTIC VALUE
OiNo VP 95 ONLY E160

LEARN A LINGO,
PILLOW SPEAKER
Sims under pillow unit Bohrns

speaker 1 5m lead with
3 brinier mono lack plug Black.
Dims 65 Id..  17rten
0 No VP 138 E1.25

METRIC &
BRITISH
MEASURES

1\
Steel tapes in sturdy ABs
plastic case Salt artist strap These
Yellow coaled convex tapes -cave inch
and metnc graduations Automatic push button return
2m long 1 3rnrn wide 0/No VP 89 E1 00
3m long 13mm wide 0/Nv VP 90 E1.50

long lEmn, wide 0/645 VP 91 (2.00

TAPE RECORDER SWITCH
Unit to control motor of tape recorder. 1.8m cord and
2.5mm plug attached. On/Off switch. Dims: 55 x 20 s

20mm.
0/No. VP 127 £1.00

DC -DC POWER SUPPLY
DC to DC adaptor. Plugs into car cigar lighter aperture.
Output 3, 4.5, 6, 75, 9, 12V @ 800mA. Has universal
output spider plug, also 9V battery snap and polarity
reversing facility.
0/No. VP 119 £2.45

Fut instructions
0/No VP 101

BATTERY TESTER
Tests all Types of battery including
standard NICAD Alkaltne etc Takes
ad standard sizes including By law
tern batteries and watch/heanng
aid cells Also tests fuses and

lamps by means of internal 9V
IPP1 battery Can also be used

to -echarge NICAD batteries
by means of eternal 317Vdc
paver suPPN nor includedl

provided Dens 185 103 - 30rnm

E7.00 lapprox I

FM MONITOR
FM monrtor Tor 2 metre band All
metal Attached earphone Pi259/
50239 connectors 144MHz IOW
maximum Dons IBodyl 55 30

23mrn

0Ni. VP 120 E4.20

!IF
F

SPEAKER PROTECTOR
Limits voltage to speaker or
to the permissible max., by
automatically introducing a
resistor in series with speak-
ers. When excessive voltage is re-
duced the unit resets itself. Electronic
voltage -sensing relay circuit. Spring terminals. Cut-off
level adjustable from 10W -120W. Full instructions includ-
ed. Dims. 85 74 s 25mm.
0/No. VP 118 £9.95

BI -PA

DUMMY LOAD
'al ohms 30W
UHT coaxial Plug
farting IPL259)

0No VP Ill f5-20

KSend your orders to Dept PE6 131-PAK PO BOX 6 WARE, HEATS
SHOP AT 3 BALDOCK ST. WARE. NESTS

TERMS CASH WITH ORDER SAME DAY DESPATCI ACCESS.
BARCLAYCARD ALSO ACCEPTED TEL 1092013102. GIRO 388 7006

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

PICK-UP COIL
age telephone pick-up cal for high

senktikty Suction pad to stock to
elephone 90cm lead to 35 tack plug
..ennects direct to cassette recorder

e, 32 Zia tern lbodyl Amm
E1.00

VALUE PACKS nap
Pak VP73 20 Assort. Stuns rch M... Wines El 00
Na ON Oescnanee Price vP24 10 Skier Polo p mm 126 5 cog 5
/P. MD Assorted Resistors Mind Types It 00 tin (IN
dP2 300 Carbonic eustars ics Wan Pre formed ft OD VP25 10 Sider Pots 40 TT 42t 5 log 5

VP3 200 I100 Lin EIN
SrP4 150 r Wart Resistors 100 ohm 1M Mixed It 00 VP76 20 Smell 115' Red LED'S ft 10
aP5 200 Assorted Goa:twos All Types fl 00 VP27 20 Large 2- Red LED'S ON

aP6 200 femme Caps Mineature Mired El VP211 10 Recianetak 2- Green LED'S II 00
aP2 IN Mind [wawa Disc let Trot fl 00 VP79 b Ass Zener Nodes 250mW ZW

TIF1 IN Mixed Ceremic Doc WI $,1 ypt Ir 00 Mixed %its Coded £1.15

SIP9 100 Assorted Polyester/Polystyrene Coss El CO CFI) 10 Ass ON Zen., Diodes Mrxed Ws
PTO 60 CAO Type Cap, Metal Foe Nkced fl 00 Coded El SO

elk, 100 Electrolytic, AM Sons n 00 VP31 I0 5 Amp SCRs TON 50-40Dr Coded (I 00
012 60 Bead Type Percuyene Mw Caps fl 00 VP31 20 3 Amp SCRs TO66 up To ION
VP') 50 sew mica car.: Ass 5 NO 15014 fl Uncoded II 00
iota 50 Saver Mica Cats Ass 11130 4103P1 EI 00 VP33 200 Se Diodes Sentekno lee 044141 00
ink 50 kph Voltage Olat Ceramic INN Bei 15 08

Mued flue VP34 20D Si, Diodes Gen Purpose Like 04701
0106 50 Weewound Pea 95V lavgi Ass 1 ohm BAX13/16 0)

-12K ft 00 VP35 50 1 Amp NANO Series Si Diodes
011 50 Metres PVC I wend Seigle Strand Uncoiled NI Good fl 00

Wee Used [Pours Er 00 VPA B Sedge Itects 4 1 Amp 4 7 Arno
&18 A Metres PVC Covered IAN Strand Mord Ws Coded fl De

Wire Mrnd Clo.s fl 00 VP3? 8 Nick Instrument Type Knobs win
VP19 10 Metres PVC Single/Muni Strand Pornter Std El N

Hook Up Wire Mind or 00 VP42 10 Pect Hermanks To Fe TO .3. 10-210
VP20 6 Rocker Switch s 5 Arno 240.
irP21 20 Pcs i 2 8 a ion Plugs re Sockets

El 00 Rea* Dolled
Vela a Power fin creetunks 2 10 3 2

Ll

Matthew Sue, Er 00 TOM Sue 0 IR

100

TRANSISTOR CLEARANCE
All Sorts -ransistois A mixed bag NPN-PNP Silicon & Germ.
Mainly Uncoded You To Sort Pack includes Instructions For

making Simple Transistor Tester. Super Value
Order No. VP60 El 00

BI-PAK
SOLDER -
DESOLDER KR
Kit compnses 0/No /P 93
I High Quality 25 Wan General
Purpose Lightweight Soldering Iwo
:40v mains incl 3/16"107mm)
I Quality Desoldenng Pump High
Suction with automatic erection
Knurled antecorrosrve casing ant
Teflon nozzle 15 metres of
De-Solde ing braid on plastic
dispenser
: yds (163m) Resin Cc -red
Solder on Card
' Heat Shunt too tweezer Type
Total Retail Value ove £12.00
OUR SPECIAL KIT PRICE MSS

BI-PAK PCB ETCHANT AND
DRILL KR
Complete PCB Kit compnses
1 Expo Mini Dell 10000RPM
I2Vd c incl 3 collets
3 Twist Bits
I Sheet PCB Transfers 210mm
150rern
1 Etch Resist Pen
I jIb pack FERRIC CHLORIDE
crystals
3 sheets copped clad board
2 sheets Rgreglass copper clad board
Full Instructions for making your
own PCB boards
Retail Value over f15.00
OUR BI -PM SPECIAL KIT PRICE £9.95
ORDER NO VP 81

TECASBOTY

11i

0111111110'2%

THE ELECTRONIC COMPONENTS AND
SEMICONDUCTOR BARGAIN

OF THE YEAR'
This collection of Components and Semiconductors for the
hobbyist is probably the most value -packed selection ever offered,
it consists of Resistors, carbon and wirewound of various values.
Capacitors: All types, sorts and sizes including electrolitics.
Potentiomete s - single, dual, slider and preset. Switches, Fuses,
Heatsinks, Wire, P.C.B. Board, Plugs, Sockets etc., PLUS a selection
of Semiconductors for everyday use In popular Hobby Projects.
These include' SCR's, Diodes, Rectifiers. Triacs & Bridges as well
as a first class mix of Transistors and I.C.'s. In all, we estimate the
value of this in current retail catalogues to be over 1251 So, help
yourself to a great surprise and order a Box TODAY for 1 41
ONLY at BI-PAK. Remember, stocks are limited so

just £6.50 6.hurry! You can call us on 0920 3182/3442 and order
with your Barclaycard or Access Card - 24hr

An owerphone Service NOW. Order No. VP 85. 1111 W

AP/
OUR GREAT NEW 1984 CATALOGUE

Presented with a Professional Approach and Appeal to ALL who
require Duality Electronic Components. Semiconductors and other

Accessories ALL at realistic pnces. There are no wasted pages of
useless information so often included in Catalogues published

nowadays Just solid facts ie price description and individual
features of what he have available But remember BI-PArs

policy has always been to sell quality components at

competitive prices and THAT WE STILL DO
We hold vast stocks "in stock" for fast immediate delivery all

items in our Catalogue are available el stock. The Catalogue
is designed for use vith our 14 hours "ansaphone" service

and the Visa/Access credit cards which we accept over
the telephone
To receive your NEW 1984 131-PAK Catalogue send

75p PLUS 25p p&p to

414
Use your credit card. Rug us on WI11113182 NOW
end get your order neon faster Goods normally
sent 2nd Class Marl
Remember you must add VAT at 15% to your
order
Total Postage add 75p per Total order



There's an extra bonus
for householders in May...

411111W --

FOR HOME, CAR AND GARDEN

SPECIAL FEATURES

* Laying paths and drives
* Choosing a Lawn Mower

* Garages, Greenhouses and Gazebos

Home Plus, the colour magazine
for Home, Car and Garden will be carried in ...

Britain's No 1
Practical Motoring Ul
Magazine

/Foal rDolvVe Hmoemn te Iliiiiieholder JUNE ISSUE
The leading
weekly gardening
magazine

Don't miss out -ORDER YOUR COPY TODAY
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-VERNON'a
V.T.'s views and opinions are entirely his own and not necessarily those of PE

V OU can safely bet your last copper coin
that whenever some new kind of human

activity crops up-for business or pleasure-
its emergence will be followed in a trice by a
flurry of publications devoted to its interests.

So, if you should be so clever one of these
days as to launch, say, some new sport on
the world-like indoor marathon running or
bingo on ice-you can be as sure as
tomorrow's sunrise that some smart publisher
will rapidly be in there doing his stuff. Doing
it, by the way, not only for the running and
bingo buffs, but also for the suppliers of the
appropriate goods and services. Fair enough,
perhaps, for it's the gold they spend on adver-
tising space that makes the whole project
possible.

The electronics industry has never been
short of its attendant publications. Some of
them have been first-class and have gone
from strength to strength. Others have not
been so good, but have nevertheless managed
to scratch a living. A few, because they ought
never to have been born in the first place,
have inevitably gone the way of all flesh.

The marked element of chance in this sort
of venture, however, has never been a
deterrent. New organs pop up like mush-
rooms in the dawn. The pace has quickened
in recent times with the phenomenal growth
of computers and microprocessors. Enough
papers are published in a month in this field
to stuff a cushion. And it's a sign of the times
that one of the latest magazines in the
technological field is called 'Satellite & Cable
TV News'. This is one, I think, that cannot
fail. It is likely to have enough material at its
disposal to last a lifetime. Unless, that is,
SCTV itself goes down the drain. And, in
spite of the sorting out that still has to be
done, I don't reckon that's on the cards.

There is one outstanding pioneer in the
electronics publishing business which,
without fundamentally changing its approach
or its basic policy and format, has not only
withstood the ravages of environmental
change and increasing competition, but stead-
fastly holds a leading position. I am not
referring to PE (though I might well have
been doing so) but to 'Electronics Weekly'.

I was talking recently to 36 -year -old Mick
Elliott, its engaging Cockney editor. We were
seated in his office at the HQ of Business
Press International, the publishers, at
Quadrant House, Sutton, in suburban Sur-
rey. One wry wit who used to work for EW
described the place as 'a plastic Lubianka'. I
don't know about that, but there's nothing
wrong with its central heating.

As the editor of what was Britain's first
weekly newspaper for a technical readership,
Mick is, quite properly, well -versed in its

origins. He reminded me that EW was sired
by a monthly called 'British Communications
& Electronics', and was launched in 1960 by
Heywood & Co. Its ownership underwent
several convulsions 'over the years, involving
Odhams, Newnes, the Daily Mirror Group
and IPC. Geographically, it moved around a
bit as well. From Russell Street off Drury
Lane to Fleet Street. From Bowling Green
Lane in historic Clerkenwell to Dorset House,
that imposing memorial to grandiose
architecture within puffing distance of
Waterloo Station. And thence a few years ago
to Sutton. "But," said Mick, "in other direc-
tions there has been a good deal of con-
sistency. In 24 years the paper has known
only three Editors: Cyril Gee (who never held
the title of Editor, but that of Managing
Editor), John Wilson (arguably one of the
best writers in the electronics business who
did an eminently sensible thing and semi-
retired to the Cardigan coast-an area said to
be highly -conducive to literary creation),
Roger Woolnough (now successfully freelanc-
ing) and myself.
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"Only three editors
in twenty-four years"
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"From the start, EW adopted the unique
policy of staff specialisation. Few, if any,
journals have it. Mike Payne, for example,
has been dealing for years with avionics and
defence. David Manners is exclusively concer-
ned with the wide-ranging field of compo-
nents. And there are other specialist
correspondents handling computers and com-
munications. These are all key areas. And we
have other staff covering finance, non-specific
technology and sundry news items. EW's
policy has always been to cater-in the news,
features and comment senses-for people
professionally concerned with electronics who
need information about current developments
in an easily assimilated form-and fast. This
can only be achieved by weekly newspaper
techniques. In this respect, if none other, EW
has proved a trail -blazer."

A major change in the paper's philosophy
was when it went over to controlled circula-
tion. This, for the uninitiated, means that it is
mailed automatically to a selected readership,
free of charge, instead of being sold on the
news-stands. Finance comes entirely from
advertising.

"Requested readership alone," said Mick,
"already stands at 35,000 and the call is

growing fast. I wouldn't say we're all the way
we want to go yet, but we're certainly moving
in the right direction. We think we've got our
editorial just right and, more importantly,
we're bringing into the readership field many
more of the younger engineers and designers
upon whose flair, talent and innovative
ability the future of the industry depends."

Mick himself is no stranger to or enemy of
change. He studied journalism at the City
Literary Institute. He could have gone on
from there to a local newspaper. But, as he
says: "It would have to have been in a sports
capacity (he's a mad -keen footballer), and
you can't be a player and a reporter at the
same time." So instead he worked on journals
as diverse as 'Point of Sale News' and 'Elec-
tronics Manufacturer' before joining 'Elec-
tronics Weekly' as a sub -editor. He reckons
that the latter four-year stint was invaluable
in giving him an insight into the complexities
of the products and policies of the electronics
industry.

How does he see EW in 20 years from now?
"I can't really see any drastic changes in the
newspaper itself. Its appearance isn't likely to
change much. I'm sure it will never become a
magazine. Or what's worse, a hybrid. And if
management and financial support continues
at its present level, we shall go on leading the
field in weekly electronics industry jour-
nalism.

"One thing I would like to see over the
next couple of decades is a greater use by us,
as a newspaper, of electronics techniques. So
far as production is concerned, this is at pre-
sent restricted to the telephone and facsimile
machine. In the current state of the art this
seems to be the optimum. After all, when
your printer is 54 miles away there isn't much
opportunity to make use of such techniques as
direct input of copy. Maybe this will come. I
don't know. In an industry that moves as
swiftly as ours anything can happen and
there is no such thing as surprise."

* * *

The electronics industry, especially where
components are concerned, is ill -placed when
it comes to displaying its wares to the general
public. Consumer items, like TV receivers,
music centres, VCRs and the like, tend to
lend themselves to attractive display in shop
windows. They're tangible things that John
Citizen can easily be attracted to and ap-
praise. But how do you whip up visual
enthusiasm about resistors, capacitors and all
the rest of the vital guts which hobbyists in
their thousands use?

Most, of course, base their purchases on
the non -pictorial advertisements and on
manufacturer -reputations and past ex-
perience. But isn't there a case for component
manufacturers putting a bit of zip into their
sales promotions?

How about transistors, tastefully laid on a
bed of ice and marked: 'Were diffusing yester-
day'? Or picture tubes bearing the popular
label: 'As seen on TV'? Or, taking a leaf out
of the wonderful world of Woolies, offering
baskets of passives on the pick 'n' mix princi-
ple of selection? And what about tuners in
family packs of half -a -dozen? Or is this just
plain heresy?
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CROSSHATCH

GENERlpil
AS its name implies, a cross -hatch generator merely

produces a pattern of horizontal and vertical lines on a
t.v. screen. The principal use of a cress -hatch generator is as
an aid to making colour television dvnam.c convergence ad-
justments, but a device of this type can also be used when
adjusting horizontal and vertical picture I:nearity, and it can
be useful as a video signal generator for general test pur-
poses.

The cross -hatch generator nas been made as simple as
possible without resorting to the use of expensive or difficult
to obtain components. It simply feeds into the aerial socket
of the television set and the use of a ready-made u.h.f.
modulator makes the unit very easy to set up ready for use.
Power is obtained from an interna 9 volt battery so that
the unit is self-contained and fully por:able. The display
produced has 12 vertical lines by 8 horizontal lines.

THE SYSTEM
The circuit has to provide four basic signals which are

mixed and then applied to the u.h.f. modulator, and the block
diagram of Fig. 1 helps to explain now this is achieved. A
clock oscillator and divider chain are used to provide outputs
at the four frequencies required, and in this design a single
integrated circuit is used as the basis of the clock and divider
circuit. This will be discussed in more detail shortly. The two
important frequencies are the 50Hz frame synchronisation
signal and the 15625kHz line synchronisation signal. A t.v.
picture is made up from 625 lines, b -it these are transmitted
as two frames of 312.5 lines each, with :he two frames in-
terlacing to produce a complete picture. Twenty five pictures
per second are transmitted so that the 50Hz frame fre-
quency and the 15 625kHz (50Hz :t 3125) line frequency
mentioned above are obtained. The lire synchronisation
pulse is only about 4ps in dura:ion but the field synchronisa-
tion pulse is much longer at about 300p.s. Two monostable
multivibrators are used to give pulses of appropriate dura-
tions.

The vertical lines are produced by a number of pulses dur-
ing each line scan which generate a series of evenly spaced
dots on every line of the picture. These cots must occur at
the same points on each line scan so that they are vertically
aligned and produce neat, properly N.ertical lines. The pulses
must be very brief in order to give reasonably narrow lines,
and they must be at a much higher frequency than the line
frequency in order to give a reasonable number of vertical
lines. The number of lines generated is simply equal to the
pulse frequency divided by the 15.625k-iz line frequency,
but some of the lines will effectively be off the edges of the
screen and the number actually displayed is somewhat less

than the calculated figure. In this design a simple pulse
shaper is used to process the squarewave output signal from
the divider chain to give the required brief pulses.

In draer to produce the horizontal lines it is necessary to
provide a moduiation signal which is equal in length to one
or more line scans, and timed to coincide with line scans.
Gaps of suitable length between these pulses space the lines
down the screen as required. The number of lines produced
is equal to the pulse frequency divided by the 50Hz frame
frequency, but like the vertical lines, some of those that are
generated are not displayed on the screen. Two monostable
circuits are used to ensure that the pulses appear at the
apprcpriate times and are of the correct length. Without the
delay proOded by the first monostable the lines would
commence in the middle of scans and not at the beginning.

A mixer stage is used to combine the four signals before
they are applied to the modulator, and this circuit must be
arranged so that the synchronisation signals blank the
modulatior signals. Note that the synchronisation pulses are
negative whereas the modulation pulses must he positive in
order to generate a conventional display having white lines
on a dark background.

DIVIDER CHAIN
The clock oscillator and divider chain are based on a

CMOS 4050BE device which :s a 14 stage binary divider
and oscillator. This is used in the manner shown in Fig. 2.

A clock frequency of 250kHz is used, and this undivided
signal is used to provide the vertical lines. The first four
stages of the divider chain give a divide -by -sixteen action
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and give the 15.625kHz line synchronisation frequency. The
output from stage nine of the divider gives a further reduc-
tion in frequency by a factor of 32 and produces an output
frequency of about 488Hz which is used to give the horizon-
tal lines.

A five input AND gate is used to reset the counter when
the Q4, Q7, Q8, Q9 and Q13 outputs of the divider are at
logic 1, and this effectively gives a divide -by -625 action to
the 31 .25kHz output from the third stage of the divider. This
gives the 50Hz field synchronisation signal.

Using a single divider chain in this way is obviously rather
limiting in that it is not possible to obtain any desired num-
ber of horizontal or vertical lines. However, in practice a 12
by 8 display is perfectly satisfactory. An advantage of this
system is that it enables a very simple and inexpensive cir-
cuit to be used, and it also ensures that the signals are all
properly synchronised so that a "rolling" picture is avoided.

CLOCK
OSCILLATOR

IPEISOI,Gj

Fig. 1. Block diagram

MONOSTAV LE

DIVIDER CHAIN

MONO STAB L E

iMONOSTABLE

Fig. 3. Circuit diagram

HORIZONTAL
LINES

MIXER

PULSE SHAPER
VERTICAL LINES

MO NO STA BLE

50112 FRAME SYNC

IS 62 Hz LINE SYNC

L H F
MODULATOR

THE CIRCUIT
Fig. 3 shows the full circuit diagram of the cross -hatch

generator.
It is possible to use the oscillator of the 4060 (IC1) as

either a crystal or a C -R type. In this circuit the C -R option is
used as it is cheaper and provides adequate performances.
Also, a 250kHz crystal could be difficult to obtain. C1
enables the frequency of operation to be trimmed to the
correct figure.

Resistor R5 plus D1 to D5 form a simple AND gate which
provides the reset signal to inverter TR1 via C3. The 50Hz
frame synchronisation signal is obtained from this gate and
is used to trigger a simple CMOS monostable circuit formed
from two gates of IC2. The other two gates of IC2 are used
to form the line synchronisation monostable, and this is

triggered by the 15.625kHz output of IC1. These two
monostables produce positive output pulses, but these are
mixed by R8-R9 and then inverted by TR2 before being
applied to the input of the modulator.

TR3 is used to buffer the output of the clock oscillator
before it is fed to the simple pulse shaper which comprises
C6, R15 and D6. The latter ensures that only positive pulses
are applied to the modulator by the pulse shaper, and that
no blanking of the horizontal lines is produced by this signal.

C9 couples the 488Hz output of ICI to the series of two
monostables. These use the two sections of 556 device IC3
(this is a dual 555 timer). IC3b provides a delay and IC3a
gives a pulse which is equal to one line scan in duration. Due

Fig. 2. Simple divider arrangement
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COMPONENTS . . .

Resistors
R1,2,4,12 4k7 (4 off)
R3
R5,7
R6,20
R8,9,17
R10
R11
R13
R14
R15
R16
R18,21

6k8
22k (2 off)
15k (2 off)
10k (3 off)
150
18k
820
2k2
1k
3k3
12k (2 off)

R19 5k6
All resistors 5% 0.25W carbon

Capacitors
Cl 65p miniature film dielectric trimmer
C2 220p ceramic plate 2%
C3 150p ceramic plate
C4 22n carbonate 5%

C5
C6,8,9
C7
C10
C11
C12

560p ceramic plate 2%
330p ceramic plate (3 off)
10n carbonate 5%
2n2 carbonate 5%
100n polyester
100k 10V radial elect

Semiconductors
IC1 40608E
IC2 4001 BE or 4001UBE
IC3 NE556
TR1 BC309
TR2.3 BC239 (2 off)
D1 to D6 1N4 148 (6 off)

Miscellaneous
Si SPS- miniature toggle type
81 9 volt battery (e.g. 6 x HP7s in plastic holder)
Modulator Astek type UM111E36 (6MHz)
16 pin DIL socket
14 pin DIL socket (2 off)
Printed circuit board (155 x 60mm)
Metal/plastic case about 156.5 x 91.5 x 50mm
PP3 type battery connector
6BA fixings, wire, etc.

i-o CI 0

ji
3d

itr134000/1.0

re. Vr '-434)1

\°.
0

Fig. 4. P.c.b. layout (actual size)

(c5x

Rs lop
1411

T

R9

C?, b

T R2

FSI RO:

RI) RIS R16

Fig. 5. Component layout

AL

RIB

OCR I
RI9 R70 RI7 R71

C: '4"

TIC

OCR

.4 RIO Imp

MODULATOR
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to the interlacing this gives two scans per horizontal line.
The values in the pulse shaper have been chosen to give
vertical lines of approximately the same width. If desired
broader lines can be obtained by raising the values of R15
and R19.

When TR1 is switched on by a frame or line synchronisa-
tion pulse it has such a low collector to emitter impedance
that the required blanking of the modulation signals is ob-
tained.

CONSTRUCTION
With the only exceptions of the on/off switch and battery

the components all fit onto the printed circuit board. Details
of this board are shown in Figs. 4 and 5.

ICI and IC2 should be fitted in i.c. sockets as these are
both CMOS devices, and the other normal CMOS handling
precautions should must be the specified
miniature foil trimmer if it is to fit onto the printed circuit
board without the need for any modifications to the design.
Any type having a maximum value of about 65p is elec-
trically suitable. Similarly, it is advisable to use the specified
Astek modulator as this will fit onto the printed circuit
without difficulty, and this particular type is also quite inex-
pensive and easy to obtain.

A plastic box having a metal lid and approximate outside
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dimensions of 156.5 by 91.5 by 50mm will accommodate
all the components, but this is about the smallest type that is
suitable. The printed circuit board is mounted on the base
panel of the case using 6BA fixings, and a hole about
12.5mm in diameter is made in the case at the appropriate
point so that access to the phono output socket of the
modulator is possible. The on/off switch can conveniently be
mounted at this end of the case.

As the current consumption of the circuit is about 24
milliamps it is advisable to power the unit from a fairly large
9 volt battery such as a PP7 size, or six HP7 cells mounted
in a plastic battery holder. If this second method is used con-
nection to the battery holder is by way of an ordinary PP3
style battery connector.

The completed unit is connected to the t.v. set using a
standard phono to coaxial cable of the type used with video

and home computers. The only adjustment
which the finished unit requires is to set CI to give an output
frequency of 50Hz from pin 4 of IC2. Most t.v. sets will syn-
chronise properly over a fairly wide frequency range, but if
possible the unit should be accurately set up so that the
possibility of picture distortion due to poor frame frequency
accuracy is avoided. The output of the modulator is preset at
around channel 36 by the manufacturer, and this component
should not need any adjustment.

2X-81 16K with assembler, MCTT monitor,
forth, toolkit, flight simulator, £55. Tel: 051-608
8617. D. Stephens, 411 Woodchurch Road,
Birkenhead, Merseyside L42 8PF.
WANTED BBC 8271 Disc Controller and/or
Watford D.F.S. Rom. Vincent. Tel: 0524 411780
Morecambe after 6 p.m. V. Haworth, Rosebank,
377 Marine Rd., Morecambe. Lancs. LA4 5AM.
LARGE quantity electronic items for sale. Mul-
ticores, connectors, chokes. motors, meters,
s.a.e. for complete list. Kerry Williams, 10
Wilmot Street, Melyn Neath, West Glamorgan.
SA11 1AH (06391 51948.

EVERYDAY Electronics for sale. Aug. 80 to
Dec. 82. 29 issues. Offers. R. Yates, Heathcote,
Eastbourne Road, Blindley Heath, Nr. Lingfield,
Surrey. RH7 6PY. Tel: (0342) 832078.

SOLARTRON CD 1400 scope, double beam,
OC-15MHz, in working condition, with manual.
£60 plus postage. Mr. M. V. Call, 16 Mill Lane,
Broomfield, Chelmsford, Essex. CM1 5130. Tel:
0245 441965.

HALL effect IC/Board 83 keys parallel ASCII out-
put metal framed p.c.b. New, unused. £35 inc.
(07821 550684. N. L. Smith, 31 Meadow
Avenue, Wetley Rocks, Stoke-on-Trent ST9
OBD.
WANTED manual to buy or boar for Telequip-
ment oscil iscope, type D43, time base type
TD41. R. Lilley, 184 Mitchel Hey, College Bank
Rd., Rochdale, Lancs. Tel: 0706 359389.
20 used 50V coil relays 11 pin round base, 3
sets of contacts rated at approx. 5 amps. Ian
Wright, 86 Planks Lane, Wombourne, West
Midlands. Tel: 10902) 892864.
PRACTICAL Electronics 1969-1983 less 2.
Offers. Buyer collects. E. L. Yates, 5 Whinney
Moor Lane, Retford, Notts. Tel: Retford 704995.
SINCLAIR Project 60 stereo equipment. Stereo
tuner, pre -amp, power amplifiers, power unit, no
cabinet. Serviceable, offers please N. Besant, 3
Brimley Drive, Downend, Bristol BS16 6JQ.
32K UK101 2 x 70K disks, full manuals. 9 inch
B + W TV. Needs good clean. 20 + discs. £250
o.n.o. J. young, The Glen, Salisbury Road,
Shrewton, Wilts. Tel: Shrewton 620561.
WANTED 1960's Midland transceiver (Model
13-115) in any condition for cash. A. K. Porwal,
9 Argyle Place, Cliftonwood, Bristol BS8 4RH.
Tel: (after 6p.m.) 0272 298946.

WANTED Sinclair Spectrum 48K (may be in-
terested in 16K) preferably in working order, also
w.h.y. A. Slater, 172 St. Lucia Park, Bordon,
Hants. G U35 OLF.
MAGAZINES from 1956 to 1983. Full and part
years. Practical Television/Wireless/Electronics.
Offers or inquiries. Mr Halsall, 47 Smalley Street,
Castleton, Rochdale, Lancs OL11 3EB. Tel:
(0706) 33511.
TANGERINE Microtan 65 in case with psu in-
cludes Tanex Xbug basic keypad. £150. Tel:
Aldershot 310661. C. W. Murray, 21 Canterbury
Road, Ash, Aldershot, Hants 9U 12 6SP.
UK101 fully expanded, £45. 8" disc drive with
intelace for above £220. Both together for
£245. D. J. Fellows, 26 Westbourne Avenue,
Emsworth, Hants P010 7QU. Tel: (024 34)
5548.
QUASAR Practical Electronics tape deck for
sale. built from kit. Working but needs new
heads. £20. Michael Bond, 2 The Grange,
Eastbourne Road, South Godstone, Surrey RH9
&IQ. Tel: (03421 893168.
TECTRONICS 543 Oscilloscope v.g.c., broad-
cast video. J.V.C.7115 rec./mon (mint, guaran-
teed). For details contact: Mr A. Gould, 31
Lugard Road, London SE15 2SZ. Tel: 01-639
3855 (Answerphone) or (0303) 24141.

Practical Electronics June 1984 51



Continuity Checker
CHRIS LARE

THE normal method of measuring resistance is to use a
multimeter. With cheaper meters the lowest resistance

measurable can be in the order of several ohms which is not
always useful, particularly when the item to be measured
has a natural resistance of that order. Furthermore, even
cheap multimeters are far too expensive to leave lying
around in a garage or the home. More expensive meters will
resolve the lower resistance ranges but the cost of acciden-
tal damage results in a much greater reluctance to allow
them to leave the work bench. In view of this there is a re-
quirement for a cheap and robust resistance measuring unit
for low values of resistance typically found around the car
and home. In most cases in this application the exact value
of the resistance is not important and it is sufficient to know
that a resistance is, or is not, present.

The unit works by comparing the resistance between the
probes with a preset value. If the probe resistance is lower
than the preset value an I.e.d. lights and a tone sounds
allowing the checker to be used in awkward and dark cor-
ners. The prototype unit was built with five preset values, 1
ohm, 10 ohms, 50 ohms, 100 ohms and 1 kilohm and
although these may be altered it has been found that this set
offers the most flexibility. The unit is battery powered and
quite compact.

BALANCING OP -AMP AND
COMPARATOR INPUTS

There are some applications of op -amps and comparators
where high accuracy and matching between the two inputs
is required. Typically this will be most critical where low
levels of signals are envisaged of which the circuit described
here is an application. It is not really possible to make op -
amps and comparators with very accurate input stages at a
reasonable cost due to production tolerances during the ac-
tual manufacture of the silicon chip and so many parts allow
the end user some means of nulling -out any errors. Ob-
viously accurate parts are made but these will be specially
selected and trimmed during the final chip assembly stages
and are thus very expensive.

Theoretically any device should give a balanced output
(half supply rail) when the inputs are joined together and
grounded through a resistor. If this is done it will be noticed
that the output of the device is usually hard over in one
direction and a small voltage appears on the inputs even
though they are supposedly grounded. The device output
sitting at one of the rails is caused by a small voltage mis-
match in the actual comparator circuit, whereas the small
voltage seen is a result of the inputs themselves sourcing a
small current. This voltage is called the 'offset' voltage. As
the source impedance becomes larger the effect of this
offset becomes worse because the current flow from the in-
put is essentially constant. Fig. 1 shows a typical device with
source impedances. Even if both resistors are the same, dif-
ferences in the two currents will result in error. The method
adopted by the device designer is to allow the user to
slightly vary the input stage currents by providing two extra
pins on the device which give access to the input stage
balancing network. The user may allow current to flow into

Fig. 1.
Basic comparator

these pins to cancel out the actual device error.
The most simple way of doing this is illustrated where a

potentiometer has been connected between the two correc-
tion pins. When the wiper is in mid position the current in-
jected into both input stages will be equal and thus the ad-
justment has no overall effect. As soon as the wiper is
moved different amounts of current are injected which can
be used to cancel out any imbalances in the input stages. It
is worth noting that this technique will also cancel out
effects through the source resistors not being properly
matched, although severe mismatch will be outside the ad-
justment range.

In actual practice a resistor is connected in series with the
potentiometer wiper to limit the current if it is set fully over
to one end which would allow large, and potentially damag-
ing, currents to flow into the device. A capacitor can be con-
nected between the ends of the potentiometer to help pre-
vent oscillation when a comparator is used but this is not too
common for op -amps. It is also possible to use one of the
adjustment pins to add hysteresis to the comparator by mak-
ing use of offset errors.

Although Fig. 1 shows the offset adjustment connected to
the positive supply care should always be taken to ascertain
which supply should be used since many devices use the
negative rail for this form of correction. The device pins will
be labelled 'balalce' or 'offset null'.

SENSITIVITY

10 so

100

1000

LOWER
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TEST GEAR PROJECT
CIRCUIT

The resistance sensing part of the circuit is built around a
traditional balanced resistor bridge. Consider the effect of
switch S 1 being set to the '1' position. This will give rise to a
voltage at point A. If the probes are connected across a one
ohm resistor as well, the voltage at point B will be equal to
that at point A and the bridge will be balanced. If the
resistance across the probes is slightly less than one ohm
the voltage at point B will increase very slightly, a condition
which is fairly easy to detect with a voltage comparator. The
voltages are fed to the comparator, an LM31 1, through two
equal resistors R10 and R11. These are included for two
reasons: firstly they provide a defined input impedance for
the comparator allowing offsets to be nulled -out and secon-
dly, together with D3-D6, they limit the comparator input
differential voltage if the probes are accidentally connected
to something unpleasant. The diodes play no normal part in
the operation of the circuit. Now, in the case above where
point B is higher than point A the inverting input of the com-
parator will be higher than the non -inverting and so the
comparator output will go low which will light the I.e.d., D7.
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Several circuit trimmings are required to make this work
as intended Firstly comparator circuits of this type tend to
oscillate when the theoretical switching point is reached.
This is caused by a variety of reasons, all due to the fact that
the comparator is a very high gain device. The tendency to
oscillate can be removed by small amounts of positive feed-
back which is supplied by R12. It is important that R12 is
not made any smaller (which would be better for the circuit)
because the hysteresis effect thus created would swamp any
small input voltage changes. The reduction of oscillation is
continued by the addition of C2 which effectively lowers the
a.c. input differential and C3 which acts as a decoupling
capacitor very close to the comparator.

The offset null adjustment circuit as previously mentioned
consisting of VR1, R13 and C4 allows the circuit to be
properly balanced.

Possibly the most important trimming fitted is the supply
voltage derivation for the bridge circuit. Normally the bridge
is connected directly across the supply but this would imply
that the comparator was required to operate within millivolts
of its supply which it will not do effectively. To avoid this the
bridge is fed with 3.7 volts which sets the comparator inputs
at almost half supply [ail which is the best point. This
scheme also gives the advantage that the bridge supply is
very well decoupled from the main battery supply and is thus
fairly immune to noise created by other parts of the circuit, in
particular the tone generator. The actual value of the supply
to the bridge is not important since it is fed to both sides of
the balancing network and so it was derived from a 4.3 volt
Zener. D2 drops this voltage a further 600mV but is mainly
intended to prevent damage to the Zener should a high
voltage be applied to the probes. The supply is well
decoupled by

The preset resistances are selected by a rotary switch, Si.
The 50 ohm setting is obviously not absolutely accurate but
it was felt that it was good enough for the intended applica-
tion. Obviously more precise 1% resistors could be used in -

R13
3k3 07

VR1 447

am 212

1312

1014 Fig. 2. Circuit diagram of continuity checker
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stead of the 5% ones specified but the value of this is again
open to debate.

The tone generator consists of a standard 555 timer
astable circuit running al 400Hz. When the comparator out-
put goes low TR1 turns off which allows the reset pin (4) of
the 555 to be pulled high by R 16 thus enabling the tone. An
8 ohm speaker was used in the prototype which gave suf-
ficient volume. C7 blocks any d.c. current flow when the
tone is not sounding (the 555 output will be low) and also
acts as a series impedance when the tone is sounding to
limit the current flow through the speaker. The 555 is
decoupled with a 100n C8 close to it and the usual control
voltage input decoupling capacitor C6.

The entire circuit is decoupled by a 220µF electrolytic
which although larger than usual is probably a good idea for
a circuit as sensitive as this. The checker is switched by the
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other pole of S1 which simply connects the battery to the
rest of the circuit when any of the resistance values are set.
The current consumption is about 14mA standing, which
rises to some 36mA when the I.e.d. and tone are
operational.

CONSTRUCTION
The complete unit was designed to fit into a small plastic

box and only requires 5 holes to be drilled for the switch,
I.e.d., speaker and terminals.

The holes for the I.e.d. and S1 should be marked as
follows: S1 and the I.e.d. are on a centre line 33mm from the
left hand side of the lid, switch S1 being centred 32mm from
the top of the lid and the I.e.d. 54mm from the top of the lid.
The hole for the I.e.d. is 5mm diameter and the switch
9.5mm diameter. Since these components are p.c.b. moun-
ted it is very important to make accurate measurements. The
p.c.b. is held in place solely by the switch retaining nut.

The two holes for the 4mm terminals should be drilled so
that they fit above the speaker but do not interfere with the
p.c.b. A 10mm hole should be drilled for the speaker in the
bottom of the box and covered with a small piece of cloth.
After glueing down the speaker, the terminals should be fit-
ted and the flying leads attached to both the speaker and the
terminals.

Assemble the circuit board which should be used in
preference to Veroboard. Fit all the components in any order
although the I.e.d. is probably best left until last. The rotary
switch specified is supplied with tag (ends) which should be
cut off. Insert the switch with care and solder only two pins
in before checking it is flush with the board and soldering the
other pins in. The I.e.d. should be fitted so that its rim is level
with the top of the switch so that it will appear through the
lid of the box in final assembly.

Fig. 3. Complete assembly of continuity checker

Testing the board should be very simple, although it
should be mentioned that the loading of an average multi -
meter will upset the bridge operation. Check firstly the
operation of the on/off switch wafer and check that the bat-
tery voltage appears on the circuit and that the current con-
sumption does not exceed 1 7mA. Set the resistance switch
to 1 and join the probe sockets together whereupon the
I.e.d. should light and the tone sound. Check that all the
other settings work as well and then set up the offset adjust-

ment. This is most easily done by firmly joining points A and
B (not the terminals) and adjusting the preset until the I.e.d.
just comes on and then turning it back very very slightly to
counteract the hysteresis effect. It may happen that the cir-
cuit will just oscillate but this is not of any consequence. The
I.e.d. should not go out at this stage. Finally test the unit by
connecting known resistances between the probes, remem-
bering that the contact resistance can be in the order of a
few ohms and so soldered connections are recommended
for testing.

Complete the final assembly by fixing the circuit board
into the box lid (using a washer to space it if necessary) and
then connecting the flying leads and the battery clip to the
relevant terminals. Give the unit a final check and fit the lid
onto the box.

COMPONENTS . . .

Resistors
R1, R14
R2
R3*
R4
R5
R6

56012 off)
1

10
47
303
100

R7", R10, 8111, R17 1k (4 off)
R8. R9 10k
R12 10M
R13 3k3
R15 100k
R16 22k
R18 4k7

All 5% aW unless greater accuracy is required when items
should be repla-,:ed by 1% types

Potentiometer
VR 1 4k7 miniature horizontal preset

Capacitors
Cl
C2 C3, C8
C4
C5
C6
C7
C9

Semiconductors
D1

D2, D3. D4, D5 D6
D7
D8
TR 1

IC1
IC2

22p 10V tantalum
100n C280 type polyester (3 off)
2n2 polyester block 0-3in pitch
47n C280 type
10n disc ceramic
10p 10V elect.
220µ 10V elect.

4V3 400mW Zener
1N4148(5 off)
Green I.e.d.
1N4001
BC184L
LM31 1
NE555

Miscellaneous
Plastic box 120 x 45 x 60mm
Printed circuit board
Suitable knob and pointer
Terminal pins
S1 ---- 2 pole 6 -way switch (Lorin) 'Wavechange. type)
Battery clip, holder for four HP7 in square format
B 1-4 HP7 batteries (4 off)
2 of 4mm terminal sockets, test probes
LS1 - Miniature 8 ohm 2 inch speaker
Speaker cloth, connecting wire, small piece of paxolin,
washer for switch
Letraset to suit
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Fig. 4. Printed circuit board layout (actual size)

Fig. 5. Component layout

JUNE
ISSUE...

SURVEILLANCEELC

SYSTEMS
How can electronics effectively guard property?
What are the various surveillance options? This
series explains the advantages and disadvantages
of relative systems and presents the following
three alarm projects:

Passive Infrared, Ultrasonic, and
Microwave.

All these provide a secure area in which any
movement is detected, and alarm sounded.

SPECTRUM
PSU

This digitally controlled bench PSU has been designed for
use with the ZX Spectrum. It has a maximum output voltage
of 24 volts which can be incremented in 0.1 volt steps and is
current limited over four switched levels; 50mA, 100mA
500mA and 1A

TRAIN WAIT
]!ai

1

This is a must for model train enthusiasts, wanting more
realism and automation. This circuit provides automatic wait
facility for selected trains at stations and crossings.

EVERYDAY

ELECTRONICS
and computerircuECTS
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and MICROPROMPT

Appearing every month, Micro -Bus now presents ideas, applications and programs for the most popular micro-
computers and all micro -related projects so far published in PE. Ideas must be original, and payment will be
made for any contribution featured.

UK 1 01 M/C TRACE
The Trace facility of PE April 1983 was
most interesting but unfortunately it does
not give a complete trace, in fact only in-
terrupting instructions of two clock cycles
in length. 6502 microprocessor instructions
vary from two to six cycles of the 1MHz
clock and therefore some additional refine-
ments would have to be incorporated to
display the addresses of all instructions.

The 6502 microprocessor has certain
conditions to be fulfilled before initiating an
interrupt sequence. Essentially the IRQ or
NMI lines must go low and remain low for
at least two clock cycles to be recognised.
In addition the IRQ line must remain low
until the end of the current instruction
sequence to be recognised. If an IRQ in-
terrupt is to be used to drive a Trace facility
and be driven from the sync pin of the 6502
then a method must be found to "stretch"
the sync pulse until the interrupt is
recognised. This stretched pulse must then
be terminated on completion of the IRQ
routine or the microprocessor will, on
returning to the main program, immediately
repeat the interrupt. One way of doing this
is to provide a latch which will be set by the
sync pulse and be reset on completion of
the interrupt loop by a pulse derived from
'ANDing" the sync pulse with a decoded
RTI instruction from the data bus. Fig. 1

shows a simple circuit to implement this
which can be built on a piece of stripboard.

IC1 partially decodes the data bus and
the decoding is completed by lC2a. In order
to ensure that the data on the bus is stable
the 02 clock pulse used to trigger the latch
IC3 is delayed some 100ns by lC2b. To
allow for stray capacitances some adjust-
ment may be required to the value of the
capacitor. lC3 is set by a sync pulse but re-
set when a sync pulse occurs in conjunction
with the RTI instruction.

DO to 07 can be connected to the spare
connecting pads to the left of IC14. (On the
UK101 DO is nearest the keyboard.) 02 can
be connected to W6. Ground and Vcc can
be connected to pins 1 and 12 respectively
of IC14. IRQ and SYNC are connected to
the 6502 pins 4 and 7. There is no need to
disconnect R11 as the circuit will operate in
the wired -OR configuration. Mr Beckett's
software will now print out at the top of the
screen the current address of the operation
code being performed.

For those who have fitted the WEMON
monitor the Trace machine code shown
here will provide much more information
This program will print out on the top, nor-
mally non -printing line, of the Screen the
contents of all the registers namely
program counter, flags, stack pointer, ac-
cumulator, X and Y registers. It should be

noted that the data shown in the registers
is that existing before the instruction to be
found in the program counter is executed.
Wemon uses locations 0241 to 0247 to
store this information and this program
uses the sub -routine at F98F to print it out.
An additional facility provided by the
program is that the Trace will wait in the in-
terrupt loop until the left-hand shift key is
pressed. This allows the user to "single
step" through a program, viewing the con-
tents of all the registers at each step, a
most useful feature in de -bugging.

If Trace is being used to step through a
BASIC program then "MEMORY SIZE?"
should be answered by 8115. The WEMON
IRQ vector is set to point to the correct
location by POKE561,76: POKE562,184:
POKE563,31 and this should be placed at
the start of the program. The Trace speed is
set by a poke to 8191, 1 for fast, 0 for slow
and 127 for medium. The IRQ mask is
cleared by POKE11,182: POKE12,31:
X=USR(X). The switch is used to turn Trace
on and off.

J. H. Howarth,
W. Lothian.

Trace program for use with WEMON monitor I FDB DOF4 BNE $1FD1 Shift not pressed go back & try
again

I FB6 58 C LI Clear interrupt mask IFDD AEFFIF LDX $1 FFF Shift pressed. Continue via
1FB7 60 RTS and return to program IFEO ACFFIF LDY $1FFF the delay stored in address I FFF
I FB8 8E4602 STX $0246 Store X register in Wemon store I FE3 88 DEY
1FBB 8C4702 STY $0247 Store Y register in Wemon store IFE4 DOD BNE $IFE3
1FBE 68 PLA Pull status off stack and I FE6 CA DEX
1FBF 8D4302 STA $0243 store I FE7 DOFA BNE $1 FE3 Delay incomplete. Return again
I FC2 68 PLA Pull program counter hi- byte 1FE9 A D4102 LDA $0241 Fetch program counter lo- byte
I FC3 8D4202 STA $0242 off stack and store I FEC 48 PHA and push on the stack
I FC6 68 PLA Pull program counter lo- byte off I FED AD4202 LDA 50242 Fetch program counter hi- byte
I FC7 8D4102 STA $0241 stack and store IFFO 48 PHA and push on the stack
1FCA BA TSX Transfer stack pointer to X register I FFI AD4302 LDA $0243 Fetch status and
I FCB 8E4402 STX $0244 and store IFF4 48 PHA push on the stack
IFCE 208FF9 JSR $F98F Print contents of Wemon stored

registers
I FF5 AD4502 LDA $0245 Reload original value of

accumulator
IFDI A9FE LDA £$FE Address row which contains the I.h. 1FF8 AE4602 "-DX $0246 Reload original value of X register
I FD3 8DOODF STA SDFOO shift key in the keyboard latch I FFB AC4702 LDY $0247 Reload original value of Y register
I FD6 A905 LDA £$05 Address column in keyboard to see 1FFE40 RTI Return from interrupt routine
I FD8 2C0ODF BIT SDFOO if I.h. shift has been pressed I FFF 00 BRK Space reserved for delay counter
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Fig. 1. Hardware for Machine Code Trace

2k

RESONANCE

Sir-I have been reading your magazine for
the past eighteen years and think it's about
time I made a contribution. The adjacent
program was written for the Dragon 32
computer and should run on any machine,
without too much alteration, as only text is
used. The program will calculate values of
capacitance, inductance and frequency at
the resonant frequency of a parallel or
series connected coil and capacitor com-
bination.

The computer will first ask which of the
three variables needs to be calculated and
will then request the other two. All the
usual denominations are taken care of, i.e.
Hz, kHz, pF, mH, etc., and all the answers
are presented in the same form.

I hope that this program will interest
some of your readers and perhaps inspire
someone to tackle the problem of coil con-
struction. Who knows? I might come up
with something within the next eighteen
years!

Mr. A. D. Flower,
Staffordshire.

10 P1=3.1415926
20 CLS:PRINT 46107,"RESONANCE (23

spaces)
30 PRINT Oi233,"BY A.D.FLOWER."
40 PRINT (i362,"MARCH 1983"
50 FOR T=1 TO 4000:NEXT T:CLS
60 PRINT 132,"DO YOU WISH

CAPACITANCE,(8 spaces)INDUC-
TA NC E OR FREQUENCY (11
spaces)TO BE CALCULATED 7"

70 PRINT 357,"PRESS KEY

80 AS=INKEYS
90 IF AS="C" THEN 130

100 IF AS="I" THEN 260
110 IF AS -=-"F" THEN 410
120 GOTO 80
130 CLS:PRINT @42,"CAPACITANCE

(21 spaces)

140 PRINT 097,"PLEASE ENTER IN-
DUCTANCE VALUE (3 spaces)AND
(WHEN REQUESTED) ITS (8 spaces)
DENOMINATION. (19 spaces) DO
LIKEWISE FOR THE FRE-
QUENCY."

150 GOSUB 560:GOSUB 590:GOSUB 650
160 IF F=0 OR 1..=-0 THEN 140
170 C=((li(2131*F)) l'2)/L
180 C=C1E06:REM C=MICROFARADS
190 IF C>999.99 THEN GOSUB 750
200 IF C<0.0005 THEN 220
210 PRINT:PRINT" CAPACITANCE =

";:PRINT
USING"# # #.# # # #";C;:PR1NT
"UF":GOTO 50

220 C=C*1E06:REM C=PICOFARADS
230 IF C<0.5 THEN GOSUB 740
240 PRINT:PRINT" CAPACITANCE =

";:PRINT
USING"# # #.#";C;:PRINT"PF"

250 GOTO 50
260 CLS:PRINT @43,"INDUCTANCE (22

spaces)
270 PRINT a 97,"PLEASE ENTER

CAPACITANCE VALUE (2 spaces)
AND (WHEN REQUESTED) ITS (8
spaces) DENOMINATION.(19 spaces)
DO LIKEWISE FOR THE FRE-
QUENCY."

280 GOSUB 620:GOSUB 590:GOSUB 650
290 IF F=0 OR C=0 THEN 270
300 L=((1/(2131*F)) 1'2)/C
310 L=L1E06:REM L=MICROHENRYS
320 IF L>999.99 THEN 350
330 IF L<0.05 THEN GOSUB 740
340 PRINT:PRINT" INDUCTANCE

";:PRINT
USING"H # #.# #";L;:PRINT
"UH":GOTO 50

350 L=L*1E-03:REM
L=MILLIHENRYS

360 IF L>999.99 THEN 380
370 PRINT:PRINT" INDUCTANCE

=";:PRINT
USING"# # #.# #";L;:PRINT
"MH":GOTO 50

380 L=L*1E-03:REM L=HENRYS
390 IF L>999.99 THEN GOSUB 750
400 PRINT:PRINT" INDUCTANCE =

It is emphasised that material
presented in Micro -Bus has not
necessarily been proved by us. Neither
can compatibility with all generations
of the computer equipment to which it
!elates be guaranteed.

Software and hardware designs sub-
mitted should be accompanied by a
declaration to the effect that it is the
original work of the undersigned, and
that it has not been accepted for
publication elsewhere.

";:PRINT
US1NG"# # #.# #";L;:PRINT
"H":GOTO 50

410 CLS:PRINT 043,"FREQUENCY (23
spaces)

420 PRINT 96,"PLEASE ENTER IN-
DUCTANCE VALUE (3 spaces) AND
(WHEN REQUESTED) ITS (8 spaces)
DENOMINATION. (19 spaces) DO
LIKEWISE FOR THE
CAPACITANCE."

430 GOSUB 560:GOSUB 620:GOSUB 650
440 IF L=0 OR C=0 THEN 420
450 F=1/((2*PI)*SQR(L*C))
460 REM F=HERTZ
470 IF F>999.99 THEN 500
480 IF F<1 THEN GOSUB 770
490 PRINT:PRINT" FREQUENCY

";:PRINT
USING"# # #.# #";F:;PRINT
"HZ":GOTO 50

500 F=F'IE-03:REM F=KILOHERTZ
510 IF F>999.99 THEN 530
520 PRINT:PRINT" FREQUENCY =

";:PRINT
USING"# # #.# #";F;:PRINT
"KHZ":GOTO 50

530 F=F*1E-03:REM F=MEGAHERTZ
540 IF F>999.99 THEN GOSUB 760
550 PRINT:PRINT" FREQUENCY =

";:PRINT
USING"W # #.# #";F;:PRINT
"MHZ":GOTO 50

560 PRINT:INPUT" INDUCTANCE ";L
570 INPUT"(4 spaces) H:MH:UH ";D1$
580 RETURN
590 PRINT:INPUT"(2

QUENCY ";F
600 INPUT" HZ:KHZ:MHZ ";DFS
610 RETURN
620 PRINT:INPUT" CAPACITANCE";C
630 INPUT(6 spaces) UF:PF ";DC
640 RETURN
650 IF DI IS ="H" THEN L=L
660 IF DI S ="MH" THEN L- L*1E-03
670 IF DI S ="UH" THEN L=L*1E-06
680 IF DES ="HZ" THEN F- F
690 IF DES ="KHZ" THEN F=F*1E03
700 IF DES ="MHZ" THEN F= F*IE06
710 IF DC S ="UF" THEN C=C*1E-06
720 IF DC $ ="PF" THEN C=Cs1E-12
730 RETURN
740 PRINT (1`449,"VALUE TOO

SMALL":RETURN
750 PRINT (ii449,"VALUE TOO

LARGE":RETURN
760 PRINT (I449,"FREQUENCY TOO

HIGH":RETURN
770 PRINT (ii449,"FREQUENCY TOO

LOW":RETURN

spaces) FRE-
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TOUCH TUNERS (SAS 580 and SAS 590)

MANY integrated circuits are specifically
designed to fulfil well defined roles. In-

deed, most of the i.c.s featured in Semiconduc-
tor Circuits to date fall into this category,
being specifically intended for use as door
chimes, combination locks, audio pream-
plifiers, I.e.d. bargraphs, etc. It is often in-
teresting to apply some lateral thinking to the
way in which these i.c.s are used; this can
often result in unusual designs of considerable
effectiveness and simplicity which are very dif-
ferent to the original intentions of the i.c.
manufacturers. The Siemens SAS 580 and
SAS 590 are perfect examples of this. They
were designed as touch tuning amplifiers for
television and radio tuners, but in practice
they offer marvellous facilities for use in a
whole host of switching and controlling ap-
plications.

The basic intention of the i.c.s is to provide
a tuning voltage for varicap diodes. This tun-
ing voltage alters the capacitance of the diode,
which in turn causes the radio or television
receiver to tune in to the appropriate station.
Four different analogue voltages can be fed
into the i.c., and four switches are provided to
allow the relevant voltage to be switched
through to the diode. If each analogue voltage
represents the tuning voltage for a different
station, the switches enable instantaneous
selection of any of these four different stations.
Furthermore, four load driving outputs are
provided, suitable for driving lamps, I.e.d.s,
relays, or waveband selection circuitry as re-
quired.

INGENIOUS FACILITIES
Although the basic description of i.c. opera-

tion seems simple enough, numerous more

ov

SWITCH I

LOAD I

SWITCH 2

LOAD 2

SWITCH 3

LOAD 3

SWITCH 4

LOAD 4

5AS580
(8 SAS 590)

CLOCK INPUT

STANDBY ON SAS 580
(EXPANSION INPUT ON SAS590

+ VE SUPPLY

ANALOGUE INPUTS

ANALOGUE OUT PUT

EXPANSION OUTPUT

18814 481

complex extra facilities are provided. Full in-
terlocking is arranged such that only one input
is switched to the output at any one time, ex-
cept when two control inputs are deliberately
turned on together as a momentary action.
The control inputs themselves (switch I,
switch 2, switch 3, and switch 4) have been
made touch sensitive, so that either non-
moving touch plates or conventional switches
may be used as the switch input device.

A clock input is provided so that the sta-
tions can be switched in sequence to 'scan'
through the available stations automatically,
and the system can be expanded in blocks of
four channels at a time, almost without limit.
Even more subtle features will become evident

as the detailed operation of the i.c.s is con-
sidered!

BLOCK OPERATION
The SAS 580 and SAS 590 are both 18 pin

bipolar i.c.s with pinout and specifications
shown in Fig. 1 and a block diagram shown in
Fig. 2. Four RS type flip-flops control the
switching in such a way that the 'setting' of
any flip-flop causes the resetting of all others
in the circuit. This is the means by which in-
terlocking of the switches is provided. The flip-
flops can be set either by a clock input (pin 18)
or by individual switch inputs (pins 2, 4, 6 and
8). Whenever the clock input is pulsed to logic
1 (a high level) the next flip-flop along the

Characteristic Notes Min Typically Max Units

Supply voltage All specs measured at 10 36 0

+30V supply
Quiescent current 2.9 7 9.5 mA
Temperature range 0 +70 °C

Analogue input voltage Pins 15, 14, 13, 12 0.3 (+ye V

supply
-2)

Analogue offset voltage Between pins 15, 14, 13,
or 12, and pin 11

+100 mV

Temperature drift 20°C to 50°C, at pin 11 5 mV
Analogue input current Pins 15, 14., 13, 12 1 SO 300 nA
Analogue output

impedance
Pin 11 3 k

Switch input threshold Pins 2, 4, 6, 8 5 5 V

Switch input current Pins 2, 4, 6. 8 20 80 200 nA
Clock frequency 10 kHz

Driver load current Pins 3, 5, 7 9 55 mA

Saturation voltage
Pins 3' 5' 7' 9

(1k load
/30k load

0.8
30

1.5
60

V
mV

Reverse voltage Pins 3, 5, 7, 9 5pA to 50 V
1000 current

duration 70 AsReset to channel 1 {Pulse(Pin 18)
Pulse rise time 1 As
Pulse duration 2.5 psClock to next channel (Pin 18) Pulse rise time{

1 is

Zener voltage Pin 16 (at typically 10mA) 34 39 V

Supply current Via resistor, when using
..-

15 mA
Zener

Fig. 1. Pinout and specifications for the SAS 580 and SAS 590
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chain turns on, i.e. is set with all others turning
off, i.e. reset. Hence, if flip-flop 1 is turned on,
then the clock pulsed, I turns off as 2 turns
on. On the next pulse, 2 turns off as 3 turns
on, etc. At any time the individual switch in-
puts can override the clocking, turning on only
the flip-flop required, and the clocking will
start from any given flip-flop being on; 1, 2, 3
or 4.

Each flip-flop controls a load switch, which
is basically an open collector npn transistor
which can sink up to 55mA of current to 0
volts when turned on. This can be used to light
an indicator, for example, to show the channel
selected. The flip-flop also turns on an
analogue switch around the feedback loop of a
voltage following op -amp. When turned on,
this switch completes the feedback loop of that
op -amp, allowing the relevant analogue input
voltage to be accurately reproduced, with
unity gain, at pin 11 of the i.c. This can be any
voltage within the limits of the specification, of
course, which frees the i.c.s for use in many
different applications other than varicap diode
control. A constant current source provides
suitable loading and biasing of the op -amp
outputs.

The 'standby' facility is only provided on
the SAS 580, not on the SAS 590. When R
normally 100k, is taken to the positive supply
rail, the action is normal, but when disconnec-
ted from the positive supply the voltage at pin
17 drops to less than 0.5 volts, causing the
currently selected channel to remain selected

Fig. 2. Block diagram of the SAS 580 and 590

irrespective of any switch or clock action. The
i.c. is nominally rated at up to +36V supply. If
higher supply voltages are to be used then
adding a suitable resistor in series with the
positive supply allows the internal Zener diode
to regulate the voltage to between 34 and 39
volts. (This is quite safe for the i.c., even
though potentially higher than the specified
+36V.) Typically l3mA, and certainly no
more than l5mA, should be arranged to flow
into pin 16 when using this Zener facility.

INPUTS AND OUTPUTS
The switch inputs to the i.c.s, pins 2, 4, 6

and 8, are very high impedance inputs suit-
able for use both in touch sensitive and
mechanically switched applications. The in-
puts are activated by momentarily connecting
them to 0 volts via a large value resistor;
typically 1M for mechanical switches, and
10M for touch switches. In the latter case, the
switches should consist of two metal pads
spaced apart by a small gap. The finger should
bridge this gap to turn the input on. As with all
touch controlled circuitry, great care must be
taken if the equipment has a mains derived
power supply, with the 0 volts supply line, and
all metalwork, connected to mains earth. To
provide a measure of interference rejection,
capacitors should normally be connected be-
tween pins 2, 4, 6 and 8, and 0 volts. These
should all be typically around lOnF, with the
exception of Cl on the SAS 580 only, which
should be a little larger; typically 22nF. Note

10

EXPANSION
OUTPUT

(To pin17 of next
which most

be SAS S90)

1

1

1

1

I

-a

that more than one channel can be selected at
once if several inputs are connected to 0 volts
simultaneously. This condition only lasts until
the inputs are disconnected from 0 volts, but if
it ca4ses problems then mechanical switches
with electrical interlocking should be used to
prevent more than one input being active at
any time.

The analogue inputs and output are fairly
self-explanatory. The minimum voltage that
can accurately be switched is 0.3V, and the
maximum is 2 volts less than the supply
voltage at pin 16. Inputs as low as 0 volts or
as high as the pin 16 voltage will not cause
damage, but cannot be reproduced at pin 11.
The output impedance at pin 11 is typically
3k, so a buffer amplifier should be provided
if driving into anything other than a high im-
pedance. The clock input, pin 18, provides
both clocking and reset functions. If a positive
going (high level) pulse of typically 2.5µs is
fed to pin 18 it will 'clock the channels along'
by one position, e.g. if channel 2 is turned on
before the pulse, channel 3 will be turned on
after it. If the pulse is longer than 70µs,
however, the i.c. will be reset, causing channel
1 to be selected automatically irrespective of
the number of i.c.s in the system. Resetting to
channel 1 will also occur when power is first
applied.

EXPANSION
The first i.e. in any 'chain' of devices must

be an SAS 580. After that, SAS 590s must
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be used to add four channels at a time to the system.
There is no limit to the number of SAS 590s which can
be cascaded in this way. For all i.c.s, both 580 and 590,
pins 18 should be commoned, as should all pins 11. Pin
10 of the first i.c. should connect to pin 17 of the second,
then pin 10 of the second should be connected to pin 17
of the third, etc, etc, all down the line. See Fig. 3 for a
simple example of this. (The 'standby' facility, and R5,
are only used on the SAS 580.) A really clever touch is
that the i.c.s can detect how many devices have been con-
nected in the chain! If only one i.c. is provided, then
when clocked the sequence is 1-2 3 4-1 2 3 4 1 2 etc. If
two are connected the system counts1-2-3-4-5-6-7-8-1-2-
3-4-5-6 etc. Hence, the circuit will always count round
the maximum number of channels provided, without re-
quiring special links or circuitry.

APPLICATIONS CIRCUIT
Fig. 3 shows the circuit diagram of a spot frequency

oscillator, used as a 'quick check' instrument for simple
audio systems. Eight different frequencies can be
generated, each one variable from 10Hz to 100kHz in
four bands. The switching can be manual, via touch
plates, or automatic with a variable change rate.

The circuit is based around one SAS 580, one SAS
590, and a voltage controlled oscillator, the popular ICL
8038. Square, triangular, and sine waves of different am-
plitudes are produced by the 8038, and these are adjusted
to be approximately equal in amplitude by R52, R53,
R54, and R55. S2 selects the output waveform required,
and IC6 with associated components provides a variable
level a.c. coupled output from the circuit. The maximum
output voltage is approximately 9V pk/pk, and the
minimum is around 20mV, although different output am-
plifier configurations could extend this range further.
Four frequency bands have been provided: 10Hz to
150Hz, 100Hz to I5kHz, IkHz to 15kHz, and 10kHz
to 100kHz or more. The range selection is implemented
by a CMOS analogue switch i.c., IC4, which connects
timing capacitors C19, C20, C21, or C22 from pin 10 of
IC5 to 0 volts. Wire links on the Veroboard layout
shown in Fig. 4 are used to select the range chosen for
each channel of the system, with TRI, TR2, TR3, and
TR4 inverting and buffering the control signals from the
links to IC4.

Clocking is provided by IC3, a 7555 CMOS timer
connected as a low frequency oscillator. Cl, R1, D17,
R2, and R6 ensure that pin 18 of ICI and IC2 receives
a pulse of approximately 2.5us duration, to clock it
without danger of resetting it to channel I. VR9 is a
switched potentiometer, switch SI ensuring that the os-
cillator is turned off when the potentiometer is in the ex-
treme anti -clockwise position. IC5 requires a wide range
of voltages to allow the maximum possible sweep of out-
put frequencies. Ideally, the voltage at pin 8 of IC5
should be allowed to reach right up to the positive supply
voltage. Unfortunately, the maximum output from IC 1
or IC2 is 2 volts less than their positive supply. To avoid
this problem, IC I, IC2, and IC3 are run from a higher
supply than the rest of the circuitry; this should be a
+15V regulated supply. IC7 is a +5V regulator with R24
and R25 connected in such a way that it actually
provides a +12V supply to the rest of the circuitry.

In use, the range selection link for each channel should
be soldered to the appropriate p.c.b. tags, and the rele-
vant preset should be tuned to give the required output
frequency. VRI0 should be adjusted to give an output
waveform duty cycle of exactly 50% (equivalent to a 1:1
square wave mark/space ratio). VR I 1 and VR12 should
be adjusted for minimum distortion on the sine wave out-
put, either visually or using a distortion analyser.

Both the SAS 580 and the SAS 590 can be obtained
from Cricklewood Electronics Ltd., 40 Cricklewood
Broadway, London NW2 3ET. (01-452 0161).
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start capacity Price Ell 55 p&p (total inc VAT ElS 5SIN M S
Suitable TRANSFORMER 230V A C operation Price E4,50 50P
p&p itotal incl VAT ES 751

CROWN 37 rpm 2001b.in. approx. 110V AC reversible geared
mphor. Price 1:35 p&p 4 501E45.42 me VAI IN MS
Suitable transformer for above (E10 p&p f 1 501E13 22 inc VAT
CROWN 42 rpm 110/230V A.0 50 Ha. 100 lb.in approx. Reversible
geared Motor Price Eli 15  [750 p&p (total Ind. VAT 023.75,

120 RPM 1/10 HP APPROX. 15 bin. 230V A.0
Cent Rating Non reversible Sue 15Ornm
90rnm  85mm spindle 8mm die  30mm
long Complete with capacitor and relay for
mar load starting Offered al mere fraction
of mfrs price 11150 inc P&P & VAT
NMS
CHECK METER
200-240V A C 50amp fully reconditioned. E7 SO (t 75 p&p Itotal
Ind VAT 110.64/

SANGAMO WESTON TIME SWITCH
Type S2S1 200 750 oft every 74 hours. 20 amps contacts
with overrde switch Diameter 4 a 3 price 1950 (1 SO Lie,
1012 65 inc VAT & p&pl Also available with solar dia R&1
Other type, available from stock

N M S New Manufacturers Surplus
R&T Reconditioned and tested

Good normally despatched within 7 days.

Personal callers only Open Saturdays

9 Little Newport Street
London WC2H 7JJ
Tel: 01-437 0576
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Affordable Accuracy - Low Cost Multimeters from Armon
SPECIFICATION MODELS
HC -6010 & HC -7030 DIGITAL
*10 amp AC/DC
*Battery. Single 9V drycell. Life 200 hrs.
*Dimensions 170 89  38mm
*Weight 4009 inc. battery
* Mode Select: Push Button
* AC DC Currert 200,AA to 10A
*AC Voltage: 200mV to 750V
* DC Voltage: 200mV to 1000V
* Resistance mon to 20MI1
* Input Impedance: 10mi1
* Display 3( Digit 13mm LCD
* 0/load Protection. All ranges
28 RANGES, EACH WITH FULL OVERLOAD

PROTECTION

!

coHC. 10282 t

ARMON ELECTRONICS LTD.
Dept L, Cottrell House, 53-63 Wembley Hill Road, Wembley, Middlesex HA9 8BH,

Telephone 01-902 4321 (3 lines). Telex 923985
Please add 15% to your order for VAT. P&P free of charge. Payment by cheque with order.

Offer applicable to mainland UK only. Please allow 15 days for delivery.

SPECIFICATION
HM 102R ANALOGUE
* DC Voltage 0.25, 2.5. 10, 50, 250, 500. 1000 volts

20,000 ohms/volt.
* AC Voltage 2.5, 10, 50, 250, 500, 1000 volts

8,000 ohms/volt.
* Decibels: -20 to +62dB.
* DC Curent: 0-50, 500µA, 0-5, 50, 500mA.
*Ohmmeter: 0-10 Megohms in 4 ranges.

50 ohms Centre Scale.
* Power Supply: One 1.5 V Size 'AA' battery (inch).
* Size & Weight 135. 91  39mm, 280gr.
HC 102BZ WITH BUZZER,
BATTERY SCALE &
10A DC RANGE

VISA

1V11-44111FIVM
MICROSYNTH MASTER RHYTHM

PROGRAMMABLE DRUMS

'As Published in P.E.)
!i Octave Music Sydthesrzer with 2 Oscillators. 2 Sub-Octs.
i'voitched Routing and Thumbwheel. A comprehensive instru-
nent offenng the full range of Synth. Music & effects
=LAI KIT E137 Also available in 3 pans

PERCUSSION MICROSYNTH
As Published in P.E.

Two Channel touch Sensitive unit plus variable angle
-F.0phaser, internal and external triggering.
ELECTRONIC COMPONENT KIT £89

As
Published
in PE

Twenty Four Rhythm programmable
Drum Machine with twelve instruments.
Eight sections are extended to 24/32
measures for two bar programming.
Sequence operation and instrument tone
adjust. COMPLETE KIT £79
STRING ENSEMBLE £198.50
ROTOR -CHORUS (98.00

SQUARE FRONT KEYBOARDS
88 NOTE £60 49 NOTE f29
73 NOTE £50 30 NOTE £19
KEVSWITCH ITEMS ALSO AVAILABLE

88/72 NOTE PIANOS
SPECIALISTS SINCE 1972

Using Patented electronic technique to give
advanced simulation of Piano Km, Inertia.

COMPONENT KITS
incli.ding Keyboard

88 NOTE £266
72 NOTE £234
The above may alsc be
purchased in four pats.

DOMESTIC KITS
Inc. Cabinet PA & Sok-

88 NOTE £442
72 NOTE £398

STAGE MODEL
inc. Cabinet & Stanc

72 NOTE E383

ALL PR CES INC VAT. CARR & TELEPHONE ADVICE.
SAE for full Specs & MANE PRICES VISA -ACCESS -
AMERICAN EXPRESS. Competitive quotes can be
given for export. Allow days for normal despatch.

BAND -BOX
PROGRAMMABLE BACKING TRIO

As Published in .E.
THREE PIECE BACKING BAND
Generates the sounds of three in-
strumentalists to back Soloists
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

CLEF PRODUCTS (ELECTRONICS) LIMITED
(Dept P.E,) 44A ERAMHALL LANE SOUTH BRAMHALL

STOCKPORT CHESHIRE SK7 1AH TEL 061-439 3297

BAKER LOUDSPEAKERS

ADVANCED
TELECOMMUNICATIONS
Careers with extensive scope at Cheltenham
Join the Government Communications Headquarters, one of tie world's foremost centres for
R & D and production in voice/data communications ranging from HE to satellite - and their
security. Some of GCHQ's facilities are unique and there is substantial emphasis on creative
solutions for solving complex communications problems using state-of-the-art techniques
including computer/microprocessor applications. Current opportunities are for:
Telecommunication Technical Officers
Two levels of ent prov g ryidin two sale scales: £6262 - £858C & £8420 - £9522ry
Minimum qualifications are TEC/SCOTEC in Electronics/Telecommunications or a similar
discipline or C & G Part II Telecommunications Technicians Certificate or Part I plus Maths B,
Telecommunication Principles B and either Radio Line Transmission B or Computers B or
equivalent ONC in Electrical, Electronics or Telecommunications Engineering or a CIE Part I

Pass, or formal approved Service technical training. Additionally, at least 4 years' (lower level)
or seven years' (higher level) appropriate experience is essential in either radio communica-
tions or radar, data, computer or similar electronic systems.
At the lower entry level first line techinical/supervisory control of technicians involves "hands-
on" participation and may involve individual work of a highly technical nature. The higier level
involves application of technical knowledge and experience to work planning including
implementation of medium to large scale projects.
Radio Technicians - £5485 - £7818
To provide all aspects of technical support. Promotion prospects are good and linked with
active encouragement to acquire further skills and experience. Minimum qualifications are a
TEC Certificate in Telecommunications or equivalent plus 2 or more years' practical
experience.
Cheltenham, a handsome Regency town, is finely -endowed with cultural, sports and other
facilities which are equally available in nearby Gloucester. Close to some of Britain's most
magnificent countryside, the area also offers reasonably -priced housing. Relocation assistance
may be available.
For further information and your application form, please telephone:
Cheltenham (0242) 32912/3 or write to:

Model Inch. Ohms Watts Type Prim Post
Mid 100,10 10 8 100 Mid Range C25 E2
DG 50 10 8-16 50 PA 818 C2
Maio, 12 4-816 30 Hifi(16 ET
Superb 12

AustrIonum 15

&16 30 Hi-fo C26 C7
Wcoter 12 13 80 HiFi/Wooler C25 C2

8-16 60 HiFi/Woofer C37 C2
DG 45 12 4-816 45 PA Disco (16 C2
DG 75 12 4-&I6 75 PA Paco
DG 100 12 8-16 100 PA Disco

C20 C2
(26 E2

DG 100 15 8.16 100 PA Disco C35 C2

Go -Amens 15 8 250 PA Doc° f77 GI
Gooctmans 18 8 730 PA Disco 034 C4
P.A. CABINETS )empty) Single 12 830, Double 12 136 can (10
WITH SPEAKERS 60W 1:26; 75W (50 90W 168. 150W COO.
HORNBOXES 200 Wee 830.300 Wen (35 post ft
BAKER AMPURERS All Transistor post D.00605.

4 inputs, 740v AC and 120 DC 8 ohm 100v line 101300
15Ged, 4 inputs, mains, al purpose mixer amplifier 110.00
150w. 8 inputs. ins PA mike mixer amp
15C .150w 110100 slave amamplifierMOW mono 1125.00
DISCO CONSOLE Twin Decks, mixer pre amp 1105 Carr 812
COMPLETE DISCO 150 wan E330, 300 wan 1:391 Carr C30.
GENERAL PURPOSE LOW VOLTAGE MAINS TRANSFORMERS
Tapped outputs mailable Price Post
2 arnp 3, 4, 5. 6, 8. 9. 10, 12. 15. l& 25 and 300 Ell 00 C2
1 amp 6, 8, 10, 12. 16. 18. 20. 74. X, 36, 40. 48. 60 E8.00 f2
2 amp 6, 8, 10, 17, 16, 18. 20, 24. 30. 36. 40. 48, 60 f10.50
3 amp 6. 8. 10. 12. 16. 18. 20. 24, 30. 36, 40, 48. 60 812 50

C2a

5 amp 6 8 10. 12. 16. 18. 20. 24, 30, 36. 40. 48. 60 816 00 12
5410-160 I amp 32.50 CI 15-0-15V 1 amp 111.00 ft
6o l amp 82.00 Cl 15-0-155 j amps E500 ft
60sv 11 amp 0.50 C1 165 2 amps (400 Et
9V 750sna f 1 .50 Cl 200 1 amp ES 00 C1
90 3 amps E4 00 11 0-12-27V 2 amps CS 00 a
9-0-0V 50 ma El SO Cl 20-0-20V 1 amp E350 El
9ooV0

V ps
E3 050 £ 250-026VV

2
1a mmpsp

EE35

55 C2l

10-30400 2 amps E5.50 CI 285 1 amp Tvoce (700 C2
120 300 ma (2.00 C1 300 It amp ES 00 E1
125 750 ma 12.50 Cl 30V 5 amp and

- 120 3 amps E4.50 E1 170172a MN a
12-0-12V 2 amyx 14.150 £1 35V. 1 amp 04.00 Cl
ALUMINIUM CHASSIS20; 10 x 742.75:
12 -,843.20. 14 943 60. 16  1642.50. 16.104300:
12.3{220, 14 .3-42.50. 2Pn sides 18 mg
ALUMINIUM PANELS. 0.4-86p; 8.6-009, 14.3-60p;
10.741.15; 12.134130; 12.5 -sop; 16.64130; 14.941/5;
12 i1241.110; 16.10-13.10. ANGLE ALI 6 iii.tio -30P.
ALUMINIUM BOXES. 4.4.111120; 4.21.2 1123
3.2.1 1120; 6.4.211.60; 7.5.312.60; 8.6.313.
10.7.313.60; 12.5.3 DM; 12.8.3 31.30.
BLACK PLASTIC BOX with Al Fascia 6C orx 2" 11,50
HIGH VOLTAGE ELECT 125/5000 E2 00

1 3505 35p 8. 8/5000 (1 00 16. 16.16/2750 50p
4 350V 35p 8.16/4501/ 75p 100.100/275V 50p

20 500V 75p 16.16/350V 75p 150.200/275V SOp
32 3505 50p 32.32/3501/ 75p 32.32.16/350V 75p
32 5000 95p 20.20/350V 75p 32.32  32/325V 50p
16.450V 45p 50  50,300V 50p 32 .32 .32/450V 95p

aCHg
Recruitment Office, Government Communications Headquarters,

Oakley, Priors Road, Cheltenham,
Gloucestershire, GL52 5AJ.

9 volt 40Drna MdtrIS Baur-, 1 1,,"d!Or PP9 a 611111

RADIO COMPONENT SPECIALISTS
Dept 3, 337, WHITEHORSE ROAD, CROYDON

, SURREY. U.K. Tel 01484 1665
L

p --
- A:CESSIPost 65p Minimum Callers Welcome I VIS. I

Lists 32p Same day despatch. Closed Wed.
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When replying to Classified Advertise-
ments please ensure:
(A) That you have clearly stated your

requirements.
(B) That you have enclosed the right

remittance.
IC) 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 mini-
mum of delay.

RECEIVERS AND COMPONENTS

PCB's FOR FEBRUARY 1964. Clock Timer F.01402 £1.95.
Fri! 404 £1.20. Temperature Controller EGI433 £1.82.
EG1435 £1.05. EG1429 £1.82. For latest prices, phone 0235-
32681 or SAE for current price list. Capacity for custom
design also available. BRADLEY PRINTED CIRCUITS.
Unit 17, 70 Wootton Road. Abingdon. OX14 1LD.

BOURNEMOUTWBOSCOMBE. Electronic components special-
ists for 33 years. FORRESTERS (NATIONAL RADIO
SUPPLIES). Late Holdenhurst Road. Now at 36. Ashley
Road, Bosoomhe. Tel. 302204. Closed Weds.

TURN YOUR SURPLUS capacitors, transistors. etc. into cash.
Contact COLES HARDING & CO. 103 SOUTH BRINK.
WISBECH, CAMBS. TEL: 0945 584188. Immediate
settlement.

SMALL ADS
The prepaid rate for classified advertisements is 36
pence per word (minimum 12 words), box number 60p
extra. Semi -display setting f12.00 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 58461.

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.

2764 EPROM 250NS £5.65
FD1771 FDC £17.50

75p p&p - VAT

PREMIER
MICROSYSTEMS LTD.

208 Croydon Road, London SE20 770(
01-659 7131

BRAND NEW COMPONENTS BY RETURN
Electrolytic Capacitors 16V, 25V, 50V.
047, 1 0, 2 2, 4 7 & 10 Mfds - 5P-
22 & 47-8p. 100-7p. (50V-891. 220-8p (50V -10p
470-11p. (40V -16p). 1000/15V -15p. 1000/25V -25p
1000/40V -35p. 4700V/25V-70p.
Subminiature bead Tantalum electrotyties.
01, 022. 047, 10 @ 35V, 47 @ 6 3V - 14p
22/35V, 47/25V -15p. 10/25V, 15/16V -20p
27/16V, 33/10V. 47/6V, 68,3V & 100/3V -32p
15/25V. 22/25V, 47/10V -35p. 47/16V -80p.
Subminiature Commis Ceps, E12 Series 100V.
2% 10 p1 to 47 pf.-3p. 56 pf to 330 pf -4p
10% 390 p1 to 4700 pf --4p.
Vertical Mounting Ceramic Plate Caps. 50V
E12 12 p1 to 1000 pf E6 1500 pf. to 47000 pt.. -2p.
Polystyrene 612 Series 63V. Horizontal Mntg
10 p1 to 820 pf. -3p 1000 pf. 10,000 of ..4p.
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 - 24pi.
Myler (Polyesterl Flinn 100V. Vertical' Mounting.
001 0022, 0047 - 3p. 01, 022 4p. 04, 05. 0 1 --Sp_
High Stability Miniature Film Resistors 1%.
M 624 Series 0.51R - 10M0 - 1p
;W El? Series 160 to 1OMO. - lip
1W E12 Series 106 to 10M0 - 5p.
M metal film E12 Series 10R -1M0 5% - 2p. 1%-E24 - 3p.
1N4148 -2p. 1 N4002 -4p. 1 N4006 -Op 1N4007 -7p.
13C107/8/9 -12p, 8C147/5/9, BC157/8/9, E16195 & 7-10p
8 Pin i.c's 741 Op amp. -18p 555 Timer -24p
Dil Holders 8 pin -9p. 14 pin -12p. 16 pin -14p.
LED's. 3 & 5mm Red -10p. Green & Yellow -14p
Grommets for 3inm.-lip. Grommets for 5mm-2p
20mm. 08. Fuses 15. 25. 5, 1, 2, 3 & 5A -5p
20mm. Anti Surge 100mA to 5 OA- 8p.
20mm. Fuseholders P.0 or Chassis Mtg.-8p
Battery Snaps (pairs) PP3-19p. PP9-12p
400mW Zener diodes E24 series 2V7 to 33V -8p.

Prices VAT inclusive Post 20p. (Free over C5.001.

THE C.R. SUPPLY CO.
127, Chesterfield Rd., Sheffield S8 ORN.

Creed type 75 receive only Teleprinter, set for 110V mains.
Factor( reconditioned but untested EN + E5 p/p. Racal MA150-
10DMIZ xtril standard and oven Ex -equipment but new E7 + f2
p/p. Phillips type E010 CCTV Camera and P/Supply No leads so
sold for spares 120 + ES p/p. Philips type 6206 Sync CCTV units
sold for spares E7 + C3 p/p. Aircraft mounted 35min camera,
contains precision mirror, lens, small 24V motor etc. £10 + 13
p/p. 24V Ni-Cad Battery contains 20 x 04 AAA Cells, new. in
marked box E7 + f2 p/p. 24V Ni-Cad Battery. Contains 20 D

Type cells used condition £10 + 13 p/p. Ex -Govt held tele-
phones Type J El + E3 p/p. Pen type pocket radiation meter, no
information but new in box 1250 + 50p p/p. Ex -Govt. Smell
Rugged Telephone Handset with press to send switch for
radiotelephone use lusedl E3 + Sip p/p. Maps Fully enclosed
Bench Transformers apped at 6V, 1V, 8V. at 13A E5 + 12 p/p.

Reddon Keyer Converter (Tones/OCI 240V corns. No information
but new in box E7 + O p/p. Ex -Govt. Type A14 A.T.U. tunes 2.
&nits into 13,.. or 16 whips. No information but new in box E77 + 13

p/p. Handheld vidulent missile controller contains prismatic
sght. Azimuth and elevation control. No information 117 + 13

p/p. large Aerial Vanometer complete ceramic switch. Ex -

Equipment. Not cased. No information £10 + 0 p/p. Ex -Govt.
light weight durable headset. No information but new1350 +
50p p/p. Pye Pocket Phone UHF receiver. Type PF1 used and
untested E4.50 + Sep p/p. Wayne Kerr Pulse Generator. Type
CTS:10 keg Pulse width, delay and amplitude control 240 von
main. Complete in transit case f20 + E5 p/p. Tandberg endless
tape player Type 13/21 contains 5 Watt AS Amp, P/Supply etc

+ E3 p/p. Many items of Lx -Govt. Equipment in stock. Callers
by appointment.

AC ELECTRONIC SERVICES
17 APPLETON GROVE, LEEDS 1LS9 TEL: 0532 496040

SOFTWARE

SPECTRUM 111/41K SOFTWARE Nine Electronic Programs most
with Graphics L/Pinet L/Net Impedance R.F. Matching Band-
pass Lowpass Filters Resonant Frequency Cod Winding etc.
f5.0). J. SMITH. 12 St. Margarets Gardens. Lincoln.

IX 101 SOFTY/ME. Othello, Dominoes, Frogger, Centipede,
Yhatzi. Other programs from 4k to 22k. Send for details to
D GILCHRIST, 70 Skirbeck Road, Boston. Lino, PF2 6D6.

BOOKS AND PUBLICATIONS

FULL SIZE SERVICE SHEETS £2 + L.S.A.E; CTV/MusC £3 +
L.S.A.E. Repair/cim almost any named TV/VCR £9.50.
L.S.A.E. free quotations for manuals, sheets - free mag inc.
service sheets. T.I.S.P.E., 76 Church Street, Larkhall.
Lanarks. 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 PLC, and made payable to Practical Electronics)

NAME

ADDRESS

Company registered in England Registered No 53626 Registered Office

Send to: Classified Advertisement Department

PRACTICAL ELECTRONICS
Classified Advertisement Dept., Room 2612,
King's Reach Tower, Stamford Street,
London SE1 9LS. Telephone 01-261 5846
Rate:
36p per word, minimum 12 words. Box No 60p extra.

Kings Reach Tower. Stamford Street. London SE 1 9LS 6/84
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SERVICE SHEETS

BELL'S TELEVISION SERVICES for service sheets on Radio. TV.
etc. £1.50 plus SAE.. Colour TV Service Manuals on request.
SAE with enquiries to B.T.S., 190 Kings Read. Harrogate, N.
Yorkshire. Tel. (0423) 55885.

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.

SECURITY

SECURITY
Alarm Systems

FREE COMPREHENSIVE CATALOGUE!

 LOWEST DISCOUNT PRICES
 HIGHEST QUALITY EQUIPMENT
 FREE DIY DESIGN GUIDE
 FULLY ILLUSTRATED
 MICROCHIP CIRCUITRY
QUICK DESPATCH SERVICE
 FULL INSTRUCTIONS

SEND SAE OR PHONE

C-TEC SECURITY, Dept PW
60 Market St, Wigan WN1 1HX
Telephone (0942) 42444

HOME SECURITY

SERVICES

INVENTORS
Think of something new?

Write it down! -
American industry offers potential
royalties for your innovations and new
products. We offer free confidential
disclosure registration and initial
consultation in London regarding your
idea's potential value. Write without
delay for your free information
package.

American Inventors Corporation
82, Broad Street, Dept PT

Westfield, Massachusetts 01086
United States of America.

A fee based marketing ccmpany.

FOR SALE

DEWTRON 4 OCTAVE KEYBOARD synthesiser/8 channel
sequence. Offers. 08833 3706.

COMPONENTS II EQUIPMENT - 1984 Catalogue 70p + 20p
P&P. Callers 18 Victona Road, Tamworth. 369 Alumrock
Road, Birmingham. 103 Coventry Street, Kidderminster.
Express Mail Order Service. LIGHTNING ELECTRONICS.
P.O. Box 8, Tarnworth. Staffs.

SHEET METAL FOLDERS IB x 18G. bench or sire held £38.
Leaflet. 01-890 7818. 90 Granville Avenue, Feltham, Middx.
TWI3

LOGIC BOARDS Astro Wars ex -arcade games containing pro-
cessor. P.I.A. 1082708 Eproms. sixty integrated circuits.
Ideal for parts or experimentation. £25.00 each includes post
& packing. A.L.S LTD., The Maltings. Westmore Road
Burton upon Trent. Staffs. Telephone Staffs 0283 67421.

MISCELLANEOUS

CLEARING LABORATORY: scopes, generators. P.S.U.s, bridges.
analysers. meters. recorders. etc. 0403-76236.

OPTICAL AIDS, MAGNIFIERS. Free Catalogue. MASON &
OANTLETT. 29 Surrey Street, Norwich.

INCREASE YOUR MEMORY HM6I I6LP-3 for sale. Fully guar-
anteed. £2 each 25p.p per order. RONALD POTTS. 37
Heathcote Street. Chesterton. Newcastle. Staffs. 564037

BURGLAR ALARM EQUIPMENT. Ring Bradford (0274) 308920
for ow Catalogue or call at our large showrooms opposite
Odsal Stadium

SUPERB INSTRUMENT CASES by Bazelh. manufactured from
PVC faced steel. Vast range. Competitive prices start at a low

(Dept 23), St Wilfreds, Foundry Lane, Halton, Lancaster
LA2 6LT.

PCB DESIGN manually taped artwork at competitive prices.
JAW'S GI FDIll L. Telephone (11-674 8411

MAKE YOUR OWN PRINTED CIRCUITS
Mac Etch Resist Transfers - Starter pack d sheets).
lines, pads, I.C.pads) £2.90. Large range of single
sheets in stock at 56p per sheet.
Master Positive Transparencies from P.C. layouts in
magazines by simple photographic process. 2 sheets
document paper, 2 sheets MSM film (AA) E2.50
Photo -resist spray (200 ml) £3.90 (p+p 65p).
Drafting Film (A4I 30p. Precision Grids (A4) 65p.
20p stamp for lists and information. P&P 50p per
order plus extra where indicated. No VAT payable.

P.K.G. ELECTRONICS
OAK LODGE, TANSLEY, DERBYSHIRE

SCOPES
REPAIRED AND RECALIBRATED

ALL MAKES, ALL MODELS
SCOPEX, SAFGAN, OLDER TEK & TO

Mendascope Ltd.
OTTER HOUSE,

WESTON UNDERWOOD
OLNEY, BUCKS, MK46 5JS

BEDFORD (0234) 712445

THE SCIENTIFIC WIRE COMPANY
811 Forest Road. London E17. Telephone 01-531 1565

ENAMELLED COPPER WIRE
SING 1 lb 8 oz 4 oz 2 oz

13 to 34 3.63 2.09 1.10 0.88
35 to 39 3.82 2.31 1.27 0.93
40 to 43 6.00 3.20 2.25 1.61
44 to 47 8.67 580 3.49 2.75
48 15.96 9.58 6.38 3.69

SILVER PLATED COPPER WIRE
14 to 30 9.09 5.20 2.93 1.97

TINNED COPPER WIRE
14 to 30 3.97 241 1.39 0.94
Fluxcore
Solder 5.90 3.25 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.

isit3 viaLuc ftJIJ I yrs rut..n
WATT CARBON FILM

111-1f MD ten values. £5Total 720 resistors
; WATT METAL FILM
1% 50ppm 101 /- 1M1) E24 range £25Total 960 resistors

FREECATALOGUESent to every new customer

AC/DC COMPONENT PACKS
Pack

Oty Description Price
No

TF11 12 RED 5mm LED E1.00
TF12 30 500mz ZENERS 5% £1.00

TF13 100 IN4148 Diode £1.00

TF14 100 IN4151 Diode £1.00
TF15 50 1 amp Rect. Diodes in 4000

series £1.00
TF16 6 1 amp Bridge Rect f1.00
TF17 100 Transistor pads £1.013

TF18 20 A/S Fuses 20mm £1.00

TF19 10 3A Rect Diodes £1.00
TF110 2 ORP 12 f1.00
TF111 5 BR 100 DIAC £1.00
TF112 10 BC109B £1.00

TF113 10 IC's all different £1.00
TF114 50 BFR86 £1.00

TF115 12 8 pin OIL sockets E1.00

TF116 20 10mm Horiz. Pre set
110 values) OM

TF21 200 47pf 160v Polystone cap £2.00

TF22 10 LM 3900 N £21:13

TF23 10 Mixed DTL £2.00
TF24 5 4700 mf 25v Tag Elect

2"x1" f:200
TF25 10 1000 mf 63v Ax Elect £2.00

TF26 50 .022 mf 400v RAO POLY £2.00

TF27 10 100mf 250v Ax £2.00
TF28 10 2.2mf 160v Polyester RAD £2.00

TF51 100 white/red 5mm LED £5.00

TF52 50 BC 108C £5.00

TF53 2 10000mf 63v comp. grade

TF54

elect.
i kg reel 229 ersin multicore

£5.00

solder £5.00

TF55 10 2N3055 HIRCA) £5.00
TF56 5 OCP71 £5.00

ALL PRICES INCLUDE VAT - ALL GOODS BRAND
NEW & NORMALLY DESPATCHED BY RETURN

POST.
TERMS Cash with order. POST & PACKING:

Please add 7Sp to total order.

AC/DC ELECTRONICS
COMPONENTS

DEPT P.E., 45 CHURCH STREET,
ENFIELD, MIDDLESEX.
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INDEX TO ADVERTISERSWORLD RADIO
T.V. HANDBOOK

1984 ed. Price: f 12.00

1984 THE RADIO AMATEUR'S H/B
by A R.R.L. Price: £12.50

BEGINNER'S GUIDE TO INTEGRATED CIRCUITS
by I. R Sinclair Price £4.50

ELECTRONIC PROTOTYPE CONSTRUCTION
by S D Kasten Price E15.95

UNDERSTANDING ELECTRONIC SECURITY
SYSTEMS
by M D LaMont Price: E2.30

UNDERSTANDING DIGITAL ELECTRONICS
by G. McWhorter Price.£4.30

INTRODUCTION TO ELECTRONIC SPEECH
SYNTHESIS
by N., Sclater Price £8.00

ELECTRONICS FOR HIGHER TEC
by S A Knight Price £10.00

DOMESTIC VIDEOCASSETTE RECORDERS
A SERVICING GUIDE
by S. [leeching Price: E15.50

SEMICONDUCTOR DATA BOOK
by A. M Ball Price: E7.50

* 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 9176 Closed Saturday 1 p.m.

Please allow 14 days for reply or delivery.

AC. Electronics 64
AC/DC Electronics 65
AD.E. 65
Alcon Instruments 20
Armon Products 63
Audio Electronics 20
Barrie Electronics 9
Bensham Recordings 32
Blackstar 16
BI -Pak 45
Bndage 19
Bntish National Radio & Electronics School 4
Clef Products 63
Colour Print Express Cover 2
Computonics 65
Cricklewood Cover 3
C.R Supply Co. The 64
Electrovalue 8
Hameg 17

G.C.H.Q. 63
Gemini 65
G.S.C. 17 & 19
ICS Intertext 7
ILP Electronics 9
Maplin Supplies 4 & Cover 4
M.D. Marketing 9
Mendascopes 65
Midwich 7
Millhill 66
Modern Book Co. 66
Phonosonics 66
P.K.G. Electronics 65
Powertran 10
Radio Component Specialists 63
Radio & T.V. Components 8
Riscomp 32
Scientific Wire Co. The 65
Service Trading 62
Sparknte 32
Swanley Electronics 8
Thurlby Electronics 19
T.K. Electronics 5
Watford Electronics 2 & 3

SUPERKITS!
FOR BETTER MUSIC & EFFECTS

Sets include PCBS, Electronic Pans, Instructions, Boxes, Wire, Solder. Batteries not
included, but most will run from 9V to 15V DC supplies. Fuller details in list.

CHORUS UNIT. A solo voice or instrument sounds like more! KtT162 £31.40
COMPRESSOR: Limits & levels maximum signal strength KIT133 £10.86
COMPUTER RHYTHM GEN: 9 drums for digital control KIT185 £30.64
COMPUTER -SYNTH INTERFACE: Sequencing & composing aid KIT184 £17.44
DRUM SIRENS: Triggered variable siren effects KIT199 E19.93
ECHO UNIT: With double tracking K1T168 £4430
FREQUENCY DOUBLER: Raises guitar frequency by 1 octave £9.80KIT98
FREQUENCY CHANGER & WAVEFORM MODIFIER - Tunable KIT172 I:34 46
FLANGER: Fascinating effects plus phasing KIT153 E22.74
FUZZ: Smooth distortion whilst keeping natural attack & decay KIT91 £10 57
GUITAR EFFECTS: Multiple variation of level & filter modulation KIT42 £15.40
GUITAR OVERDRIVE: Fuzz plus variable filter quality KIT56 E19.73
GUITAR SUSTAIN. Extends effective note duration KIT75 £10.04
GUITAR TO SYNTH INTERFACE: With voltage & trig outputs .KIT173 £32.87
HAND CLAPPER: Triggered & auto claps, variable tone KIT197 E22.69
METRONOME, With audio & visual beat & down beat KIT143 £13.81
MULTIPROCESSOR: Flng, Rvb, Faze, Fuz, Wah. Trem, Vib KIT189 £57.14
MICROPHONE PRE -AMP. with base & treble switching KIT144 £921
NOISE LIMITER: reduces tape & system hiss KIT145 E9.97
PHASER: with automatic & manual depth & rate controls Kin 64 £18.40
REVERB: Mono/stereo, variable depth & delays KIT203 E25.54
RHYTHM GENERATOR: 15 switchable rhythms KIT170 05.64
RING MODULATOR: with integral oscillator control KIT179 £15.76
ROBOVOX: versatile robot type voice modifier .KIT165 E21.03
ROGER 2 -GONG: 2 gongs sounded at end of transmission KIT126 £11.38
SPEECH PROCESSOR: for clearer transmission KIT110 £9.68
STORM EFFECTS: Automatic & manual, wind, rain, surf KfT154 £15.86
TOM-TOM SYNTH: Triggered variable tone drum effects KIT190 £15.05
TREMOLO: deep tremelo with depth & rate control KfT136 E9.71
VOCODAVOX: modular vocoder KIT152 £64.31
VOICE -OP -SWITCH: with variable sensitivity & delay KIT123 £13.41
WAH-WAH with auto -trigger, manual & oscillator control KIT140 £1726

MANY OTHER GREAT KITS IN CATALOGUE such as Autowah, bass boost, call
sign, comparator, frequency generator, Funky-wobulo!, hamonola, hum -cut, mix-
ers, sequencers, synthesiser interface, treble boost, tone control, vibrato, voice filter,
voice operated fader, Wheeby-jeebyl, wobble-wah. Plus digital synthesiser, junior
synthesiser, envelope shapers. D -A convener. multiwaveform VCO, Keyboards.
contacts, etc. - Send S Al for comprehensive catalogue (overseas send £1).

YES - WE ALSO HAVE A KIT MAINTENANCE & REPAIR SERVICE!

Add ft P&P & 15% VAT to all orders. (Overseas post details stated in cat). Payment
CWO, Chq, PO, Access, Barclay, or pre -arranged collection. Despatch usually 10-14
days. Details correct at press. E&OE.

PHONOSONICS, DEPT PE46. 8 Flnucane Drive. Orpington, Kent. BR5 4ED.
Tel: Orpington (STD 0689) 37821. Mon -En 10-7. Callers by appointment.

OVERSEAS ORDERS
Overseas readers are reminded that un-
less otherwise stated, postage and
packing charges published in advertise-
ments apply to the United Kingdom
only.
Readers wishing to import goods from
the United Kingdom are advised to first
obtain from the advertiser(s) concerned
an exact quotation of the cost of sup-
plying tieir requirements carriage paid
home.

STORAGE CABINETS

Access/Barclaycard
welcome or
cheque/PO to: -

Steel cabinets,
12" wide n Sr deep x 22" high
finished blue with clear
plastic drawers.

Available units: -
Type Drawers
2260 60 x A
2248 48 x B
2224 24 x C

Type Drawers
2216 16 x D
2208 8 x E
2236

30xA,4xD,2-E
Price each £22.75
Price per 3 ONLY £60.00

(Inc p&p and VAT)

MILLHILL SUPPLIES
66 THE STREET, CROWMARSH, WALLINGFORD

OXON. OX10 8ES. Tel. 0491 38653
Delivery within 14 days.

Published on approximately the 7th of each month by IPC Magazines Limited, Westover House Wes Quay Road, Poole, Dorset BH15 1.1G. Printed in England by Chapel River Press, Andover,
Hants, sole Agents for Australia and New Zealand - Gordon and Gotch (Asia) Ltd.; South Africa - Central News Agency Ltd. Subscriptions INLAND L13 and OVERSEAS f 14 payable to IPC
Magazines Ltd., "Practical Electronics" Subscription Department, Room 281h. King's Reach Towe , Stamford Street, London SEI 9LS. PRACTICAL ELECTRONICS is sold subject to the
following conditions, namely that it shall not, without the written consent of the Publishers first having been given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than
he recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise disposed of in a mutilatedcondition or in any unauthorised cover by way of Trade or

affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever.
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MAPLIN'S FASCINATING PROJECTS BOOKS
Full details in our Project Books
Price 70p each.
In Book 1 (XAO1B) 120W rms Mosfet
Combo -Amplifier Universal Timer
with 18 program times and 4 outputs 
Temperature Gauge  6 Vero Projects.
In Book 2 (XAO2C) Home Security
System  Train Controller for 14 trains
on one circuit Stopwatch with
multiple modes Miles -per -Gallon
Meter.
In Book 3 (XAO3D) ZX81 Keyboard
with electronics  Stereo 25W Mosfet
Amplifier Doppler Radar Intruder
Detector  Remote Control for Train
Controller.
In Book 4 (XAO4E) Telephone
Exchange for 16 extensions
Frequency Counter 10Hz to 600MHz 
Ultrasonic Intruder Detector I 0 Port
for ZX81 Car Burglar Alarm
Remote Control for 25W Stereo Amp.
In Book 5 (XAO5F) 300 Baud Duplex
Modem to European Standard  100W
240VAC Inverter  Sounds Generator
for ZX81  Central Heating Controller

Panic Button for Home Security
System Model Train Projects
Timer for External Alarm.

1 _MAPLIN MAPLIN
PROftrTs
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In Book 6 (XAO6G) Speech Synth
esiser 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/Commodore
64  Digital Enlarger Timer Controller
 DXers Audio Processor  Sweep
Oscillator  CMOS Crystal Calibrator.
In Book B (XAO8J) Modem (RS232)
Interface for Dragon 32 & Spectrum 
Synchime I 0 Ports for Dragon 32 
Electronic Lock Minilab Power
Supply  Logic Probe  Doorbell for
the Deaf.
In Book 9 (XAO9K) Keyboard with
Electronics for ZX Spectrum  Infra -

Red Intruder Detector  Multimeter to
Frequency Meter Converter  FM
Radio needs no alignment  Hi -Res
Graphics for ZX81  Speech Synth-
esiser for Oric 1  VIC20 Extendiboard
 ZX81 ExtendiRAM  Dynamic Noise
Limiter for Personal Cassette Players
 TTL Levels to RS232 Converter 
Logic Pulser  Pseudo -Stereo AM
Radio Ni-Cad Charger Timer 

1984
CATALOGUE

A massive 480 big pages of
description, pictures and data
and now with prices on the page.
The new Maplin catalogue is the
one book no constructor should
be without. Now includes new
Heathkit section. On sale in all
branches of W.H. Smith. Price
£1.35 - It's incredible value for
money. Or send £1.65 (including
p & p) to our mail-order address.

Adder-Subtracter  Syndrum's Inter-
face  Microphone Pre -Amp Limiter.
In Book 10 (XA1OL) Cassette
Easyload for ZX Spectrum  80m
Amateur Receiver  Auto Waa-Waa
Effects Unit  Oric 1 Modem Interface
 2.8kW Mains Power Controller 
Extendiport for Dragon 32  12V Fluor-
escent Tube Driver 32 -Line
Extension for Digi-Tel.

GREAT PROJECTS
FROM E&MM

Our 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
Generator, Guitar Tuner, Hexa-
drum, Syntom, Auto Swell,
Partylite, Car Aerial Booster,
MOS-FET Amp and other
musical, hi-fi and car projects.
Order As XH61R. Price O.

r
Post this coupon now for your copy of the 1984
catalogue Price £1 35 30p post and packaging.
If you live outside the U.K.send £2.20 or 11
International Reply Coupons I enclose £1 65

Name

Address

_J

mown ELECTRONIC
SUPPLIES LTD

Mail Order P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend
(0702) 552911  Shops at: 159-161 King Street, Hammersmith,
London W6. Tel: 01-748-0926.  8 Oxford Road, Manchester. Tel: 061-
236-0281.  Lynton Square, Perry Barr, Birmingham. Tel: D21-356-
7292.  282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702
554000.  46-48 Bevois Valley Road, Southampton. Tel: 0703 25831.
All shops closed all day Monday.
All prices include VAT and carriage. Please add 50p handling charge
to orders under £5 total value (except catalogue).

ELECTRONIC
SUPPLIES LTD

Mail Order P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend
(0702) 552911  Shops at: 159-161 King Street, Hammersmith,
London W6. Tel: 01-748-0926.  8 Oxford Road, Manchester. Tel: 061-
236-0281.  Lynton Square, Perry Barr, Birmingham. Tel: D21-356-
7292.  282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702
554000.  46-48 Bevois Valley Road, Southampton. Tel: 0703 25831.
All shops closed all day Monday.
All prices include VAT and carriage. Please add 50p handling charge
to orders under £5 total value (except catalogue).

Mail Order P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend
(0702) 552911  Shops at: 159-161 King Street, Hammersmith,
London W6. Tel: 01-748-0926.  8 Oxford Road, Manchester. Tel: 061-
236-0281.  Lynton Square, Perry Barr, Birmingham. Tel: D21-356-
7292.  282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702
554000.  46-48 Bevois Valley Road, Southampton. Tel: 0703 25831.
All shops closed all day Monday.
All prices include VAT and carriage. Please add 50p handling charge
to orders under £5 total value (except catalogue).

: Southend
(0702) 552911  Shops at: 159-161 King Street, Hammersmith,
London W6. Tel: 01-748-0926.  8 Oxford Road, Manchester. Tel: 061-
236-0281.  Lynton Square, Perry Barr, Birmingham. Tel: D21-356-
7292.  282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702
554000.  46-48 Bevois Valley Road, Southampton. Tel: 0703 25831.
All shops closed all day Monday.
All prices include VAT and carriage. Please add 50p handling charge
to orders under £5 total value (except catalogue).






