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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. With prices from as
low as £470, even the home enthusiast can aspire to his or her
own robot. mo.

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
S101 MICROGRASP

For a lit -le 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 evasive 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

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

Weight 1 8kg
complete k t with assembly
instructions £95
Interface board kit £11

A real programmable robot for under £3001 Micrograsp
has an articulated arm jointed at shoulder, elbow and wrist
positions. The entire arm rotates about its base and there is a
motor driven gripper. All five axes are motor driven and four of
these are s-frvo controlled giving positive positioning. The robot
can be controlled by any microcomputer with an expansion bus -
the Sinclair ZX81 being particularly suitable

MICROGRASP
Weight 8.7<g. max lifting
capacity 1(0g
Robot kit with power
supply £215.00

GENESIS S101
Weight 291g, max lifting
capacity 1 5kg
4 -axis model (kit form) £470

GENESIS P101
Weight 34kg, max lifting
capacity 1.3kg
6 -axis motel (kit form) £750

6 -axis conplete system
(kit form) £1050

Cortex 16 bit microcomputer

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

5 -axis model (kit form) £525
5 -axis complete system
(kit form) £917

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

Powertran Cortex
microcomputer
self -assembly kit £295.00

POWERTRAN
cybernetics ltd.

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

THE NAME AND ADDRESS OF YOUR LOCAL DEALER.
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A versatile signal source for testing digital circuits
SUSTAIN UNIT by R. A. Penfold . . . . .. 26
A popular effect for electric guitars, includes a fuzz switch
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12V 1 A p.s.u. with simultaneous current and voltage metering

GENERAL FEATURES
MULTIMETERS-BUYER'S GUIDE 14
Our guide to a wide range of multimeters
VERNON TRENT AT LARGE 35
SEMICONDUCTOR CIRCUITS by Tom Gaskell BA(Hons) 42
Gain controlled preamplifier (SL 6270C)
TECHNOLOGY UPDATE: SO SMD's .. 48
Tomorrow's new breed of component
INTRODUCTION TO DIGITAL ELECTRONICS by M. Tooley BA and D. Whitfield MA MSc CEng MIEE 52
Part 8 of our electronics course
MICRO -BUS .. 58
Our focus on micro's for the home constructor
INGENUITY UNLIMITED 63

NEWS AND COMMENT
EDITORIAL .. .. 11
NEWS AND MARKET PLACE 12
Including Countdown and Points Arising
SPECIAL OFFER-BURGLAR ALARM KIT 34
Protect your home with our ultrasonic burglar alarm
BAZAAR .. 41, 50, 57
Free readers' advertisements
SPECIAL OFFER-CASSETTES 44
INDUSTRY NOTEBOOK by Nexus 45
PATENTS REVIEW 47

SPECIAL SUPPLEMENT
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Specialties Corporation and Maplin Electronic Supplies
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SPEAKERS
8(1.0 3W. 7", 2 25', 2 8'.
3" Rep
0 3W. 2 5" 40(1, 6411 or
8011 so,

OPTO
LEDS price includes Clips

TIL209 Red 3mm 10
14TIL211 Green 3nirn12V

TIL212 Yellow 14

ss- LCD
DISPLAYS
3f digit 496
4 digit 530
6 digit 625

VOLTAGE REGULATORS
IA 10220 Plastic Casing

 ye Ve
5V 7805 40P 7905 45F

7812 40p 7912 45b

OIL Low War
SOCKETS profile wrap
8 pm 8P 2"

14 Pin 10p 35p
16 pin 10p 42p

BEEBFONT ROM
This is a character FONT ROM that gives you 5
16 K 16 predefined FONT, The ROM is ideal for
high demonstration

DIODES
AA119 15
A4129 20
AAY30 15

15
BAX13 20

BRIDGE
RECTIFIERS
(plastic case)
14/50V 18
14/100V 20
14/400V 25

TIL220 7 Red 12
0 2" Yel, Gm, Amber 14
Rectangular LEDs with
two part clip A. G & V 45
Rectangl StackableRegan
LEDS 15

EIPX25 250
BPW21 320BPX65 320package
1174 66
ILD74 11,

15V 7815 40p 7915 45p
18V 7818 40p 7918 45p
24V 7824 40p
100mA TO92 Plastic Casing
W 78105 30p 79L05 50p
6V /84.62 30p
8V -78L82 30p

-

18 pin 16, 52p
20 pin 20p 60p
22 pin 22 65p
24 pin 25Pp zop
28 pin 28p 809
40 pm 30p 99p

quality on screen and when
used in conjunction with EPSON printer, allows
printing of letters etc. in mixed type faces. The

is complete, including an Editor to de -
sign your own Fonts and several spare Fonts
which could not be fitted in the ROM can still be

BY100 24
BY126 12
BY127 14
CR033 250

1A/600V 34
24/50V 30
24/200V 40
24/400V 46

Triangular LEDs R&G 18
0 2" Flashing LED Red 56
0 2' Bi colour LEDs
Red/Green 63

1074 220
ILCT6 Darlington
Isolator 136
TILI 11 70

12V 78L12 30p 79L12 50p
15V 78L15 30p 79L15 50p

ICL7660248 LM317K 250

Z241FwILIL SOCKET
565p

28 way 750P

run from RAM. Supplied complete with ROM,
software on DISC/tape and Manual. Price £45

0A9 4 24/6005 65 80
0 2' Tro colour LEDs

OCP71 120
ORP12 75 78H05 51/454 550 LM317P 99 40 way 799P IDC CONNECTORS i Speed block type)

0447 1

0470 1

0479 1

0881 2
0A85 1

0890

64/100V 83
6A/600V 125
104/200V 215
10A/600V 298
25A/2005 240
254/600V 396

Red/Green/YellowPCB
07 Red High Bright 59
High Bright Green or
yellow 55
LD271 Infra Red (emit) 46

255777 w
4533 136
Pin diode 720
Schnatt
Receiver 715

78H12 127/58. 640 LM323K 500
78HG 45 to LM337T 175
'24V 58 599 LM723 30

7911G 225V to TBA62513 75
24V 5A 685 RC4194 375

LM309K 120 RC4195 160

DIL PLUGS (Headers)
Pins Siailia 100
14 38p 95p
16 42p 100p
24 89p 138p

Male Female Female
with latch Header Card -Edge

2 rows Strt Angle Socket Conner for
F0os p,,

90p 99P 85p 120p10

0491 ElY164 56 7IL32 Infra Red lermt) 52 28 185P 250P
way 130p 150p 110p 195p

0495
0A200

VM18 50 SFH205 Idelectorl 115
TIL78 Idetecior/ 55

OPTO
SWITCH 40 195p 218p 2o Way 145p 166p 125p 240p

26 way 175p 200p 150p 320p
04.202

N914 ZENERS
TIL38 50
TIL8I 82, TIL100 90

Reflective
TIL139 225
Slotted similar

SWITCHES
SUDE 250V TOGGLE 2A 25CV

RIBBON CABLE
(price per low/

34 way 205p 236p 169p 340p
40 wan50 way

220p 250p 190p 420p
235p 270p 200p 470pN916 Range. 2V7 to ._ M RS 186 IA DPDT 14 SPST 36 Ways Grey Colour

N4001..2
54003
54004/E.
N4006/7
N4148
55401 1

39V 400mWap ..th

Range. 3V3 to33V 1 3W k
15P awcw

7 8.01,111811 01.1.14Y.
TIL321 5' C An 140
TIL322 5 -CIS 182
01704 r C.Cth 125
D1_707 3' C.Anod 125
FND357 or 500 130

ALUM.BOXES
402107 100
402102, 103
4 x4x2r 120
5.407 106

IA DPDT C/OFF 15 DPDT 48
,A DP on'on/on 40 4 pole o.. ,iff 64

PUSH BUTTON SUB -MIN
-Spring loaded TOGGLE 2 Arno

SP changeover II4

10 15p 28p
16 25p 40p
20 30p 50p
26 40p 65p
34 60p 85p
4t 70p 90p

EURO FEMALE MALE
CONNECTORS SOCKETS PLUGS
Gold flashed contacts Strt Angle Stri Angle
DIN 41617 31 way 170p - - 17Sp
DIN 41612 2  32 way 275p 320p 220p 285p

N5404 1

141)406 I gAgicApg
3 Green C A 140
-1 3 Red or Green 150

5.,7i.F.,.,i 90
5021021' 130

Latching or
Momenta", 6A SPST on off 58

54 loop 135p DIN 41612 2.3 . 32 way 29.5p 340p 240p 300p
DIN 41612 3 .32 way 360p 385p 260p 395p

55408 1

S44
MVAM2 165
BA102 30

Bargraph 13 seg Red 275
Bargraph f&SM3914 500

504011' 99
5040 21.- 120

SPDT Cover 150 SPDT doff 85

DPOT </over 200 SPOT Biased 105
DPDT 6 tags 80

'13' CONNECTORS:
pin 9 15 71. 37

'TRANSFORMERS6 (mains Prim ...
30.3V, 6-0-V 1001nA, 9-0-90 7511.0

5921
6A/100V 4
6A/400V 5

BB105B 40
00106 40 FERRIC CHLORIDE

Crystals lib

60407 120
60403' 150
70503' 180

DPDT ClOFF 88MINIATURE DPDT on/on/on 185Non Loosing DPDT Biased 14.5

,
way way way way

MALE

12-0-12V 75mA; 15-0-15V 75mA 98p
6VA: 2x65 - SA; 2x9V. 44; 2x125-038.
2x15V. 25A 260p

6A/8000 6

TRIACS
195p /- 503 p&p 80603 210

10,441.3" 240
Push to n alii 15P 4 pole 2 way 220
Push break 25p

Solder 80p 110p 16Cp 240p
Angle 150p 210p 25Cp 35Sp

I2VA: 204V5-1 34; 2x6V.1 2A; 2x12V bA.
2x15V- 44 346p1350 P&P)

SCRs
ThyrIstors

34/100V 48
34/400V 56
3A/800V 85

DALO ETCH RESIST
Pin pigs spare tip 100P

100703' 276
1205.3 290
12. 8  3' 296 ROTARY: (Adjustable Stop Type/

1 pole/2 to 12 way. 7p/2 to 6 way, 3 pole/

Strad 170p 160p 22Cp 310p

FEMALE
Solder

24VA; 6V.1 54 65-81 54; 9V-1 2A 9V-1 24,
12V-14 12V-14: 15. A 15- 811; 20V- 64
20V. 68. 160P P&P.

0 84-100V 32 84/100V 60
8A/400V 69 COPPER CLAD BOARDS 2 to 4 way. 4 pole/2 to 3 way 441.

105p 160p 200p 3381.
Angle 165p 215p 290p 440P

50VA: 2.6V-44; 2 c9V2 54; 2 f 12V -2A. 2,15V
1 54, 2 . 20V1 24.2 255.24; 2  30V-01345A/3,N 38

5A/4005 40
54/6005

8A/BOOV 115
124/1005 78

Fibre Single Double SRB
Glass sided sided 9 5- '8 5-
il  6 100p 125p 110p

ROTARY: ',Aeons 250V AC, 4 Amp 64p
Strut 175p 200p 300p 420p
COVERS 80p 75P 75P 58P

920p 160p p&pl
100VA: 2  12V-44, 1 s 15V -3A. 2. 20V-2 54.
2 . 300- I 54. 2  40V -125A, 2.500-14

84/300V 60
88./6005 95

1241/400V 82
12A/800V 135 225p

IDC 75 way Ply 385p, `,I, 450p 96591600 p&p)

124/100V 78 16A/100V 103
164/400V 105

VEROBOARDS 01'
"Va

DIP SWITCHES. ISPSTI 4 way 65p;
6 way 80p; 8 way 87p; 10 way 100p; JUMPER LEADS Ribbon Cable Assembly

124/4005 95
12A/8000 188 1641300V 220

254/400V 185

Clad Plain Board 1402x3r 95 - 'DIP' Board 396
(SPOT) 4 way I90p. DIL Plug (Headers)

Single Ended Lead, 24' long
BT106 150
BT116 180
C106D 38
DC44 24
T1C45 29
T1C47 35
255064 38

254/800V 295
2&&/100"

I...
308./4005 525
128000 125

2)x5" 110 - Vero Strip 144
3/s3r 110 -
31r5. 125 95p PROTO-DEC.
31x1r 420 275p Veroblock 480
41.18' 690 -- S.Dec 395
Pkt of 100 pins 55p Eurobreadboard 690
Spot Face Cutter 1613p Birnboard 1 696

AMPHENOL PLUGS
IDC Solder

24 way IEEE 475p 470p
36 way 66'1'6' 450p 475p
24 way Female 525p 490p

EDGE CONNECTORS
SIL
Sockets 2.18 way 210p
01- 2.22 way 215p
70 way 7+,73 way 1 75p
65P 2x25 way 255p
32

Length 14pm 16pin 24 pin 40 lt,
24' I48p 166p 240p 325p
Double Ended Leads
6' 165p 205p 300p 465p

12" 198p 215p 315p 490p
74" 210p 235p 345p 540p

254444 130 Pin Insertion Tool 185p Superstrip SS7 £13
way 2 028 way 1 30p 30, 230p 2513p 37Sp 595p

- - SOLDERCON
96p 2.30 way 310p

IDC FEMALE RECEPTACLE Jumper Leads 36

DISC
ST2 26

PINS
100 75P
500 370p

VERO WIRING PEN and Spool 350P
Spare Wore 1560.1176p; Combs 6p Cu
Wire Wrapping Stakes 100 250p

ASTEC UHF MODULATORS
6MHz Standard 325p
8MHz Worieband 460p

2x36 way 330p
2040 way 330p
2 e43 way 450p
2x75 way 650p

20pin 26ua, 34,3a, 40P111

160p 200p 260p 300p
oils 290p 370p 480p 525p

COMPUTER CORNER
 SEIKOSHA GP100A - Unihammer Printer, nor-

ma) & double width characters, dot resolution
graphics 10" Tractor feed, parallel interface stan-
dard. FREE 500 Sheets £155

 SEIKOSHA GP 250X Printer £199
 EPSON FX80 PRINTER 160 CPS, 11 x9 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.
Tractor and Friction feed. 10" maximum width, Bi.

BROTHER HR -15
DAISEY-WHEEL

PRINTER/
An exceptionally high quality
Daisy Wheel pr,nter at the price
of a Dot matrix printer. 18CPS;
Bi-directional, has 3K of Buffer;
has clear buffer facility, Carriage
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 768KH.. 100
100KH: 235
zooke, 266

5KHz 370
757

45MH,

CO8M 275

2IMH,382r,u, 420
395

8MHz 395
84-321a
OMH4

2002,5
4576,0 200
5M1-14 225
567501.4 22027,,,, iso

357954M . 98
!,06Zift" 300

150
4 032MHz 290

BBC MICROCOMPUTER
Model A £299; Model B £399 (incl. VAT). We stock the
full range of BBC Micro peripherals, Hardware & Soft -
ware like, Disc Drives (Top quality Cumana & Mitsubi-
shit 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 DFS, WORDWISE, BEEBCALC, Software (Edu-
cational Appication & Games), BOOKS, etc. etc. Please
send SAE for our descriptive leaflet.

directional, logic seeking. Centronix Interface
standard. £345

 EPSON RX80 PRINTER £235
 EPSON RX80 FT PRINTER £259

 KAGA - RGB 12 inch medium resolution colour
monitors £205
Connecting lead for KAGA monitors £5

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

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-
cated electronics typewriter. A t-
tractively finished in Beige.
Special Introductory Offer:

Only £375 (Carr. £7)

4 I94304M 200
44 46,130=1 210000

4 80MH: 200
5 661H.1 160

'5' 21=1 .?At,3

6 OMH4 140
6 144MH4 150
67 05m536Hr, 200

150
7"6:1k4.7 ;:g
8 OMH4 150
808333M 395
8867237M 175

DISC DRIVES FOR BBC MICRO

 CS1 00 - TEAC Cased with own Power Sup -
ply, S/S, 40 track, 51", 100K £160

 CD200 - TEAC Twin Cased with own PSU,
S/S, 40 tack, 51", 200K £325

 CS200 - TEAC Single Cased with own PSU,
S/S, 80 track,51" 200K £230

 MICROVITEC 14" colour monitor. RGB input.
Lead incl. £195

 MICROVITEC 1451 Hi-res 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 in

Library Cases 40p
 /3)" or 9)" Fan fold paper (1000 sheets) £7

(150p)
 Teleprinter Roll (no VAT) £3.50
MANY MORE PRINTERS, MONITORS, INTERFACES,

NEW LAUNCH
280A 2nd PROCESSOR

BOARD for BBC
With CP/M and
Double Density
Disc Interface
for BBC MICRO

Yes it's here. Z80A 4 MHz 2nd
processor Board with 64K mein -
ory, 4K Monitor EPROM, Paral-
let printer interface, CP/M
handling, double density board
will handle, 3)", 5.1" & 8° Floppy
Disk Drives and many more fa-
cilities. All neaty housed in a
twin slimline disc drive case.

Only £350

900MHz
9 375MHz

200
350

10 OMHz 175
10 5MHK 250
10 7MHz 150
10 24MHz 200
12 oionz 175
12 528M -I4 300
14 318181V1 170
14 7456M 175
14 7655144 250
15 GMH, 200
16 05111, 200
i s OW: 180
!,.8,..432..51

150

;68rr 210050

24 0M1-0 170
2,49 930MH4 325' 695MH, 1 50
26 670MHz 325
27 125M144 295
27 145M 188
27 &UMW 300

66667M
1 175754838 OMHz

awA, CD400 - TEAC Twin Cased with own PSU,
S/S, 80 track, 51", 400K £430

 MITSUBISHI 5;" Slim line Disc Drives double
sided, double density, track density 96 TPI,
track to track access time 3msec.

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

 TWIN MITSUBISHI Slim line - Cased with
own PSLI, DS/DD, 2 Megabytes (800K with
BBC) £525

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

Many more types available.
AVAILABLE. CALL IN AT OUR SHOP FOR DEMON-
STRATION OR WRITE IN FOR OUR DESCRIPTIVE

LEAFLET,
ANTE%
Soldering
Irons

55 5MHz 400
100MH4 295
1160MH: 300
145 8MH: 225

Please send SAE for our detailed leaflet.
N.B. Carnage 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

Cl5W 510 Spare Ints 35

25,,w17W
510 Elements 230
525 Iron stand 175 WATFORD ELECTRONICS

above items. Be satisfied before you buy. XS25VV 530 Heat Shunt 30
Tel. 0923) 40588 Telex. 8956095



T.V. SOUND TUNER
SERIES II BUILT AND TESTED Complete with csse £26.50  E2.00 p&p

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 HiFi is a must for quality
reproduction. The unit is mains -operated.
This TV SOUND TUNER offers full UHF coverage with 5 pre -selected tuning controls. It can
also be used in conjunction with your video recorder. Dimensions: 10'4"x7Y"x2'4".
E.T.I. kit version of above without chassis, case and hardware. E16.20 Plus El 50 P&P

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

PRACTICAL ELECTRONICS STEREO CASSETTE
RECORDER KIT WITH
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. le. 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 El 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 £1.75 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"x 11" aPProx.
£14.95 plus £1.75 p&p.

SPECIAL OFFER! Replacement st. cassette
tape heads. E1.80 ea. Add 50p p&p to order.
Philips or mag cartridge. £3 95  60P p&p.
PLINTH to wit BSR Record Player Deck
(with cover). Size 16:"x 141:"x 2:". Cover
size: £14'4"x 13'6"it 3it". Due to fragile
nature, Buyer collect only. Price: £8.95.

STEREO TUNER KIT
SPECIAL

OFFER!

£13.95
 £2.50 p&p.

This easy to build 3 band stereo AM/FM
tuner kit is designed in conjunction with
P.E. (July '81/. For ease of construction and
alignment it incorporates three Mullard mod-
ules and an I.C. IF System. Front scale size
10'6"02'6" approx. Complete with diagram
and instructions.

125W HIGH POWER

The power amp kit is a module for high
AMP MODULES .
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 corn.
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 £10.500 f2p&p Mono: 17 50 + E2p&o.

WINS
SPECIFICATIONS:
Max. output power IRMSI: 125 W. Operating
voltage IDC). 50 - 80 max. Loads. 4 - 16 ohm.
Frequency response measured @ 100 watts:
25Hz 20KHz. Sensitivity for 100w: 400mV
@ 47K. Typical T.H.D. @ 50 watts, 4 ohms:
0.1%. Dimensions: 205x90 and 190x36mm.

HI-FI SPEAKER BARGAINS
ADDAX 8" SPEAKER f5.95 ' f 1' :11 O&P
High quality 40 watts RMS
bass/mid. Ideal for either
HiFr or Disco use this speak,
features an aluminium von,
coil and a heavy 70mm dia.
magnet. Freq. Res.' 20Hz
to 7kklz. Imp.. 8 ohms.

AUDAX
EE

40
ER

W FERRO.FLUID

5KHz 22KHz. Imp.: 8 ohms.
HI-FI TWT Freq. res.,

60mm sq. £5.50 60, p&p.

GOODMANS TWEETERS 8 ohm
soft dome radiator tweeter 13%"sq/
for use in systems up to 40W.
£3:95 ea + E1 p&p. E6.95 pr +Et .50

KIT £12.00 BUILT £17.50
+E1.15 p&p +E1,15 P&P

MONO MIXER AMP
Ideal for
halls and
clubs.

£45.00
 £2 P&P.
50 Watt, six individually mixed inputs for 2
pickups ICer. or meg), 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%"x 6:"x 3%" 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.

B1111,1 291
-

All mail to. 218 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 l/ K postai addresses only
A. items subject to availability PriCeS cot.. et
30/11/83 and subiect to change without notice
Please allow 14 working days I torn receipt of order
for despatch RTVC Limited reserve the right lo op
date their products without notice. All enquiries seed

E Telephone or mail orders by ACCES'S

CALLERS TO 323 EDGWARE ROAD,
LONDON W2. Telephone: 01-723 8432.
15 minutes walk from Edgware noad Tube Stationi
flinv open 6 days a week 9 5.30 Pr ces include VA I

R

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 working 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 fie.d. 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 Diplou Llfflf`st., recognised
by the IlIstittre of Engineers
Et Technicians as meeting all
academic standards for
application as an Associate.

k

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

ELECTRICAL
ENGINEERING
A further Diploma Course
recognised by the Institute of
Engineers & Technicians, also
covering business aspects of
electrical contracting.

RUNNING YOUR
OWN BUSINESS
II rummy your ovvii
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 EDI 54
160 Stewarts Road,
London SW8 4UJ.
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Are you as fast as a bullet?
WOULD YOU HAVE MADE A FIGHTER PILOT? rc'\
NOW YOU CAN FIND OUT WITH THE NEW

REACTION TESTER
A FREE PROJECT FROM GSC
Split second timing is essent al for this, the latest and fastest game from GSC.
Find out how long you could have stayed "upstairs" before you "bought it". Press
start switch, after a random time period, a moving light appears. The quicker you
press the button, the longer you "stay alive". You can't fool this game though - a
"cheat" light will tell everyone that you guessed when the iights would come on.
Speed and concentration are the names of this game - build our kit and "beat the
bullet".

HOW DO YOU MAKE IT?
Our FREE protect sheet gives you a large, clear diagram of the components
layed out on an EXP 300 breadboard. Each component is labelled, and the
values are given in a component listing. Even the 'row and column' lettering of
our EXP 300 is shown to make the location of the correct holes, in which to
push the components, easy to find. There's no soldering irmolved; it couldn't
be easier! As an extra bonus, there's a full circuit description, and the details of
a regulated power supply on the other side of the sheet.
"Clip the coupon" and get your FREE project sheet with each EXP 300 bought.
AND a free catalogue! Just ask about our other free projects too.

EXPERIMENTOR BREADBOARDS
The largest range of breadboards from GSC. Each hole is identified
by a letter/number system. EACH NICKEL SILVER CONTACT
CARRIES A LIFE TIME GUARANTEE. Any Experimentor breadboard
can be 'snap -locked' with others to build a breadboard of any size.

=7-j 6

1. EXP 325 £2.00 The ideal breadboard for 1 chip
Circuits Accepts 8. 14. 16 and up to 22 pin ICs. Has 130
contact points including two 10 point bus -bars.

2. EXP 350 £3.45 Specially designed for working with up
to 40 pir ICs perfect for 3 8 14 pin ICs. Has 270 contact
Points including two 20 point bus -bars.

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

4. EXP 600 £7.25 Most MICROPROCESSOR projects in
magazines and educational books are built on the EXP
600

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

6 EXP 4B £2.50 Four more bus -bars in "snap-cn" unit.

For further details of our FULL
PROTO-BOARD RANGE, please
send for our free catalogue.

GLOBAL SPECIALTIES CORPORATION

G.S.C. (UK) Ltd. Dept. 5J8
Unit 1, Shire Hill Industrial Estate,
Saffron Walden, Essex CB11 3AQ.
Telephone: Saffron Walden (07991 21682

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

7. PROTO-BOARD 6 KIT £11.00 830 contacts, four S-
way binding posts accepts up to six 14 -pin Dips.

8. PROTO-BOARD 100
KIT Complete with 760
contacts accepts up to ten
14 -pin Dips. with two
binding posts and sturdy
base. Large capacity with
kit economy.

"Clip the coupon ' and get your FREE project sheet
with each EXP 300 bought. AND a free catalogue!
Just ask about our other free projects too.

r-
G.S.C. (UK) Limited Dept 5J8, Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex CB11 3A0
Price include P & P and 15% VAT.

11 QTY

£3.45
2

QTY

£5.23
3

QTY.

£8.63 4
QTY

£10.29
QTY.

£6.33
6

QTY.

£4.03
7

QTY

£14.95
QTY.

£20.07

Name Address

I enclose Cheque/P.O. for £ or debit my Barclaycard/Access/
American Express card no expiry date
FOR IMMEDIATE ACTION - The G.S.C. 24 hour, 5 day a week service
Telephone (0799) 21682 and give us your Barclaycard, Access, American
Express number and your order wi I be in the post immediately

For FREE
catalogue
tick box ID

_J
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THE 1984
GREENWELD
CATALOGUE

IS NOW AVAILABLE
It's Bigger. Brighter, Better, more
components than ever before. With
each copy there's discount vouchers,
Bargain List, Wholesale Discount List,
Bulk Buyers List, Order Form and Re-plycPaid Envelope. All for just E1.00!
Order now for early delivery,

STORE CLEARANCE!!
We've bought so much surplus recently
our stores are bulging at the seams' In
order to clear some space, we're once
again offering "Bargain Parcels" which
have proved very popular in the past.
They contain resistors, capacitors,
switches, panels with transistors and
IC's, screws and various hardware r- all
the odd bits and pieces which have
accumulated over the years. Each par-
el weighs 10Ibs and costs just £8.00.

TTL PANELS
Panels with assorted TTL inc. LS types.

21-!4` Big variety. 20 chips £1.00; 100 chips
£4.00; 1000 chips E30.00.

4 'II.
RIBBON CABLE

Special purchase of multicoloured 14
way ribbon cable - 40p/metre; 50m

y
( E18.00; 100m £32.00; 250m E65.00.

NICAD CHARGERS
0 Versatile unit for charging AA, C. D and

PP3 batteries. Charge/test switch, LED
indicators at each of the 5 -charging
points. Mains powered 210 v 100 x 55
mm E7.95.

Model A124. Unit plugs directly into

MOTORIZED GEARBOX
These units are as used in a computer -

13A socket, and will charge up to 4 AA
cells at a time. Only £4.80.

ized tank, and tiller the experimenter in NI -CAD BATTERIES
robotics the opportunity to buy the AA size 99p each; C size 199p, D size
electromechanical parts required in 220p; PP3 size 395p. SPECIAL!! 6 - D
building remote controlled vehicles. size. For only £11.00.
The unit has 2  3V motors, linked by a
magnetic clutch, thus enabling turning PRECISION PCB DRILL
of the vehicle, and a gearbox contained Small size, 35mm dia . 165mm long.
within the black ABS housing, reducing 12V operation. Supplied with collect i-

the final drive speed to approx 50rpm. 1mm bit 6000RPM. Only £7.50.
Data is supplied with the unit showing
various options on driving the motors
etc. E5.95. Suitable wheels also avail-

5000 COMPONENTS £25!!
-Amazing variety o passive compo-

able: 79mm Dia plastic with blue tyre,
drilled to push.fit on spindle. 2 for £1.30

nents - carbon, film oxide, wirewound
resistors from XW to 10W, ceramic,

(limited qty). 75mm dia aluminium disc
3mm thick, drilled to push -fit on spin-
die. 2 for 68p.

polystyrene, polyester and electrolytic
capacitors in an extremely wide range
of values and types from a few pF to
1000uF11 All parts are brand new, full

COMPUTER GAMES
2901 Can you follow the flashing light/Z901
pulsating tone sequence of this famous
game? Supplied as a fully working PCB

spec devices. The best value compo-
nents parcel offer around!! Cost of
parts if bought individually would be
well over f20011

with speaker (no case) plus full instruc- CLOCK CASES
tions. Only £4.95 We must clear these to make more
Z902 Probably the most popular elec- room in our store!! This attractive white
tronic game on the market - based on plastic case with rear panel drilled for
the old fashioned pencil and paper bat- switches etc is oval in shape,
tleship game, this computerized ver- 130 x68 .87mm. (no front panel). 4

skin has brought it bang up to date! We (yes, four!!) for E1.00!!
supply a ready built PCB containing STABILIZED PSU PANEL76477 sound effect chip, TMS1000 mi- A199 A versatile stabilized power sup-cro-processor chip, R's, C's etc. Offered
for its component value only (board ply with both voltage 12-30V1 and cur -

rent (20mA-2A) fully variable. Manymay be cracked or chipped, it's only uses inc. bench PSU, Ni-cad charger,£1.95. Instructions and circuit, 30p.

"THE SENSIBLE 64"

gen purposes testing Panel ready built,
tested and calibrated £7.75. Suitable
transformer and pots, £6.00. Full dataDavid Highmores new book on the

Commodore 64 £5.95.
supplied.

now available
PUSH BUTTON BANKS

BULK BUYERS LIST W4700 An assortment of latching and
Send for our latest wholesale list - IC's independent switches on banks from 2
from 5p, R's £2/1000, transistors 21p, to 7 way, DPCO to 6DPCO. A total of at
C's 0.8p etc. Bargains galore!! least 40 switches for E2.95; 100 £6.50;

250 £14.00; 100 £45.00.
PACKS PACKS PACKS

K517 Transistor Pack. 50 assorted full SEAT BELT ALARM
spec marked plastic devices PNP Originally for sale at £8.95, these well
NPN RF AF. Type numbers in-
dude BC114, 117, 172, 182, 183,

made units 70 x 50 i, 25mm provide
both audible and visual alarms. Uses 2

198, 239, 251, 214, 225, 320, IC's, PB2720 transducer, etc. Available
8E198, 255, 394, 2443904 etc etc. ready built, with circuit and instructions
Retail cost 17 f Special low for just E3.95. Also available as a kit,

.

price 275p PCB + all components, box, wire, etc,
together with instructions. Only £2.95.

K523 Resistor Pack. 1000 -. yes, 1000 1
and }watt 5% hi -stab carbon film
resistors with pre -formed leads
for PCB mounting. Enormous

VEROBLOC £1 OFF!!
Our biggest selling breadboard on offer
at a special price of £4.10.

range of preferred values from a FERRIC CHLORIDE
few ohms to a several megohms. New supplies just arrived - 250g bags
Only 250p. 5000 E10; 20,000 £36. of granules, easily disolved in 500m1 of

water. Only E1.15, 10 for Ell. 103 for
K520 Switch Pack. 20 different assorted

switches - rocker, slide, push, ro-
£60. Also abrasive polishing block 95p.

tary, toggle, micro etc. Aniazing 1N5400 3A 50V RECTS
value at only 200p Bulk purchase enables us to offer these

at special low prices: 25 E1.50; 100
K522 Copper clad board. All pieces too £4.50; 250 £12; 1000 £43; 5000 £200.

small for our etching kits. Mostly
double sided fibreglass. 750g lap- 5mm RED LED SCOOP!!
prox 110 sq ins) for 100p Full spec brand new devices

low price!! 25 £1.95; 100
at a low,

£6.

GREENWELD
Our shop has enormous stocks of

443C Millbrook Road
components and is open from Southampton 501 OHX
9-5.30 Mon -Sat. Come & see us!! Tel (0703) 772501

ALL PRICES INCLUDE VAT;
JUST ADD 60p P&P

ELECTROWTE
Your for

4a.

POLYESTER LAYER (Sie-
mens) 13.32509 5mm PCM
10% tolerance 6)V. In 13

values from 0.01347 to 0.47AF
B.32510 7 5mm PCM 10%
tolerance 1WV min. In 9 val-
ues from 0001 to 047µF
8.32512 15mm PCM 10%
tolerance 100V 1AF 2.2AF
8.32560 7.5mm PCM 6 Val-
ues 10% tolerance 400V
0001 to 0.0068AF

CAPACITORS
of allpreferred types

5% tolerance from 00082 to
068µF in 400 250 or 100V 26
values
CERAMIC PLATE
C.333 100Vdc 1 84700pF
8374411 63Vdc 2 Sinn) PCM
0069 and 0 1pf
8.37449 63Vdc 5mm PCM
068 and 01
CERAMIC DISC
InF-10nF. 300Vac
ELECTROLYTIC
Axial in many from 1 to
10000AF 10 to 100Vdc
Can in several values from
100 to 22.0000. 16 to 350V
Reversible from 2 to 100AF

Low Leak, Almnm 01.100µF,
17 values. 6-50Vdc
Radial 15 values up to
63Vdc
TANTALUM BEADS
in 18 values from 0.1.100µF.3
to 35V
POLYSTYRENE (Siemens)
39 values 5pF to 18nF,

160Vdc.

The above ranges should
meet the marionty of cur-
rent requirements Mention
P.E.when sending for our
latest A -Z list showing very
many more types

BRITAIN'S LEADING QUALITY COMPONENT

SUPPLIERS -SEND FOR FREE 36 PAGE A -Z LIST
ATTRACTIVE DISCOUNTS FREE POSTAGE GOOD SERVICE & DELIVERY

ELECTROVAITIE LTD
28 St Jude's Rd. Engle -
field Green. Egham,
Surrey TW20 0118 (07841

33603 Telex 264475 680 Burnage Lane Mic. (Callers only) (061-432 4945)
EV Computing Shop. 703 Bumage Lane. Manchester 1061-431 48661

ACCESS AND

%Ott rtt
Phoned Dr" -r-

Welcome

ORIC AND SINCLAIR COMPUTERS

.1%-vinpooktinstalaw.-*gni. ..........
414-412Z

Oric 1 computer 48K £143 (E141) £151.
Oric Colour Printer E134 (E123) E140.
New Sinclair 01 Computer £495 (£455)
E475. Sinclair Spectrum 48K £131
(£131) £143. Spectrum 16K £101 (£105)
E117. Microdrive £70 (£65) £75. RS232
interface £70 (65) £75. Blank micro -
drive cartridges £8 (£8) E9. 32K memory
upgrade kit for 16K Spectrum (Issue 2
and 3 only) £31 (£28) £30. Fuller Master
Unit for the spectrum including speech
unit, sound synthesizer, amplifier and
joystick port E56 1E56) E62. Fuller full
sized FDS keyboard for the spectrum
with proper space bar £52 (£52) £62.
Spectrum printer interfaces with ca-
bles:- Centronics £57 (£53) £58, RS232
£35 (33) £38. ZX printer E41 (E40) £50.
5 printer rolls £13 (£16) E21. ZX81 com-
puter E45 (£44) E54. ZX81 16K ram
packs £28 (£25) £30

COMMODORE COMPUTERS
Commodore 64 £204 (f184) £204. Vic
20 E104 (£97) £117. Convertor to allow
most ordinary mono cassette recorders
to be used with the Vic 20 and Commo-
dore 64: £10.95 (£11) £13. Bargain
package:- cassette convertor -I- com-
patible cassette recorder E37 (E38) E44.
Commodore cassette recorder E43
(E44l £50. Centronics printer inter-
faces:- for Vic 20 and Commodore 64
£45 1E44) £50. 1541 Disc drive £233
(209) £234. 1525 Printer £235 (£220)
£245. 1526 Printer £350 (E330) £360.

ACORN COMPUTERS
Electron £203 1E209) £229. BBC Model
B E404 (378) £408. 14" Colour monitor
E228 (299) E319. Kends double density
disk interface system for beeb £139
1E125) £135. We stock the whole range
of Cumana disc drives for the beeb e.g.
100K single 230 (E220) £240. Double 2

400K £625 (E560) £580.

PRINTERS

Epson RXBO £306 (E271) E302. Epson
RX8OF/T £346 (016) E346. Shinwa CTI
CP80 E225 (£218) £248. Epson FX80
£440 (£408) E438. Epson MX100/3 E494
(E465) E495. Oki Microline 80 £213
(E197) £238. Oki Microline 84 £831. The
Ultra 21 combined daisy wheel and
electric typewriter £439 (£415) £445.
The brother EP22 combined matrix
printer and electric typewriter £173
1E166) £186. Juki 6100 proportional
daisy wheel printer £423 (£OM) £434.
MCP40 colour printer £134 (£123) £140.
Star STX80 thermal printer E158 1E143)
£163. Interfaces to run the above print-
ers Vic and the Commodore 64 £45
(44) £50. We can supply interfaces to
run the above printers from Sharp com-
puters E58 (£52) E55.

SWANLEY ELECTRONICS
The Computer Export Specialists

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

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.
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81-PAK BARGAINS
MINIATURE TOOLS FOR HOBBYISTS® Miniature round nose side cutters insula-

ted handles iliench length Order No Y043

(S)Miniature long nose pliers - insulated
handles 5finch length Order No Y044

Miniature bend nose pliers -

insulated handles 53inch
length Order No YLT45

Miniature end nippers -

insulated
handles Clinch length
Order No Y046

Miniature snipe nose phers with side
cutter and serrated laws insulated
handles binch length Order No
Y042

REXEY DRIVER

A flexible shaft screwdriver for those awkward
to get at screws. Overall length 8 finch Order
No FS -1 Rat blade 4mm FS -2 Cross point no 1

11 75 each.

- SIGNAL INJECTOR

Simple punt button operation Oscillates at 700
lk Hz with harmonics to 30MHz 1 4V p/p

output. Impedance 101if I. Ideal for trouble
shooting w,th audio equipment One "AA'
penlight battery supplied 0/No yp96 12.50

GRIP -DRIVER

8inch long screwdriver with spring loaded
grip on end to hold screws in Inman
while reaching into those difficult places

Order No. SD -I Flat bade 4mm SD -2
ALL AT 11.25 each Cross point rxi0. E95p each.

13 PIECE TOOL KIT AND CASE

I

-7'.1113-piece tool set housed in
attractive moulded plastic
case with clear shding cover
 1 off 5" sr ipe nose "radio"
peers with side cutters  1

4-;" side cutters  1 off
41" end cutters  2 off hex
Allen" key drrvers 2mm and

2 5mm, 2 off cross -point
' dnvers No 0 and
No I !with tommy bar)  6
cfl precision screwdrivers
Saes from lmm to 3 5mm 

ONLY £7.50 ORDER No VP102

LOGIC PROBE

Automatic levelling White LED indication.
Minimum width of measuring pulse X
millisecs Maximum input frequency 10M Hz
Input impedance 100kf1
Power consumption. 4OmA maximum
Power supply 45 - 18 V d c

ORDER No VP97 £10.50

PRECISION
JEWELLERS' TOOLS

Rustproof, Tempered Handles and Blades.
Chrome Plated Handles Swivel Heads for use
on Precision Work

5721 SCREWDRIVER SET
6 precision screwdrivers in hinged plastic
case Sizes 08. 14, 2.24 2.9 and 3 8mm E1.75

5731 NUT DRIVER SET
5 precision nut dnvers in hinged plastic case
With turning rod Sizes - 3 3.5. 4. 4.5 and
5mm £1.75

5141 TOOL SET
5 precision instruments in hinged plastic case.
Crosspoert (Philips1 screwdrivers - HO and H1
Hex key wrenches Sizes 1 5 2 and
2 5mm f 1.75

5751 WRENCH SET
5 precision wrenches at hinged plastic case.
Sizes - 4. 4.5 5 55 and 6mm 11.75

MULTITESTER
1 ma opv including test leads &

Battery
AC volts 015-150-503 1 000

DC volts  015-150-5041030

DC currents 0 Ima-150ma

Resistance 0 25 K ohms 100 K

ohms

Dims 90 x 61  30min
0/No. 1322 OUR PRICE E6.50 ONLY

BRAND NEW LCD
DISPLAY MULTITESTER
RE I88m

LCD 10 MEGOHM INPUT IMPEDANCE
'31 digs '16 ranges plus hFE test facility for
PNP and NPN transistors *Auto zero auto
polarity 'Single-handed pushbutton operation
'Over range indication 12.5mm 1} -inch) large
LCD readout 'Diode check 'Fast circuit
protection *Test leads battery and instructions
included
Max indication 1999 or 1999

Polarity indication Negative only
Positive readings appear
without sign

Input Impedance 10 Megohms
Zero adjust Automatic
Sampling time 250 milliseconds
Temperature range 511 to 50°C

Power Supply I x PP3 or equivalent 9V
battery
20mW
155x88x31mm

Consumption
Size

RANGES

DC Voltage 0-200mV

02.20 -2W -1000V Acc 0.8%
AC Voltage 0-200-1000V
Acc. 1 2% DC Current 0-200uA
0 2-20-200mA 0-10A Acc 1 2%

Resistance 02 20-200K ohms
02 Megohms Acc 1%
BI PAK VERY LOWEST PRICE

£45.00 earl
Leather Case for 188m £2.50 EACH

'C

y

CURRENT/POL CHECKER

Heavy duty test prods with budt-in indicators
for testing polarity indicates whether ac cr
d c 3 5V to 400V 0/No. VP98 £2.50

TESTER -.'"7 ".)

---0,;........... i ;

Universal tester with ceramic buuer Tests
diodes, transistors, resistors capacitors and
continuity One "AA- penlight battery included
Test current. Max 21rA
Test voltage 12V
Response range 100MII
Max voltage 500V
Internal resistance 390kft £5.00
Length 135mm 0/No. VP99

CIRCU T
NESTER

D.C. continuity tester for mud checking on all
low voltage equipment and components Dicde
checking also possible Takes two AA batteries
90cm lead has crocodile clip Body length
145mm 0/No VPIW 75p

ELECTRONIC SIREN 12v DC
Red plastic case with adjustable fixing
bracket. Ernts high-pitched wading note of
varying pitch 103 cycles per minute. Dims
90mm Ida 160mm (depth) Power 12v DC.
0/P 90dBA im type

Our Price: £5.50 0/No VP/9

Pak
No.
VPI
VP2
VP3
VP4
VP5
VP6
VP7
VP8
VP9
VPIO
VP11
VPI2
VP13
VP14
VP15

VP16

VP' 7

VP'8

VP'9

VP20
VP21

VP22

VP23
VP24

VP25

VP26
VP27
VP28
VP29

VP30

VP31
VP32

VP33

VP34

VP35

VP36

VP37

VP42

VP45

VP46

VP47

VALUE PACKS

Dry Description
300 Assorted Resistors Mined Typos
300 Carbon Resistors 4-i Watt Pre -Formed
200
150 f Watt Resistors IOC ohm -1M Mixed
200 Assorted Capacitors All Types
200 Ceramic Caps Miniature - Mixed
10E1 Muted Ceramics Disc 1pf - 56pf
100 Mixed Ceramic Disc 68pf - 015pf
100 Assorted Polyester/Polystyrene Caps
60 C280 Type Caps Metal Foil Mixed

100 Electrolytics - All Sorts
60 Bead Type Polystyrene Min Ca s
50 Silver Mica Caps Ass 56pf - 1

50 Silver Mica Caps Ass 180pf - 4
50 High Voltage Disc. Ceramic 750v - 8Kv

Mixed
50 Wirewound Res 9W lug) Ass 1 ohm

- 12K
50 Metres PVC Covered Single Strand

Wire Mixed Colours
30 Metres PVC Covered Multi Strand

Wire Mixed Colours
40 Metres PVC Single/Multi Strand

Hook -Up Wire Mixed
6 Rocker Switches 5 Amp 240v

20 Pcs. 1 - 2 & 4 mm Plugs & Sockets
Matching Sizes

200 Sq Inches Total Copper Clad Board
Mixed Sizes

20 Assorted Slider Pots Mixed Values
10 Slider Pots 40 mm 22K 5 x Log 5 

Lin
10 Slider Pots 40 mm 47K 5 v Log 5

Lin
20 Small 125' Red LED'S
20 Large 2" Red LED'S
10 Rectangular 2' Green LED'S
30 Ass Zener Diodes 250mW  2W

Mixed Vlts Coded
10 Ass 10W Zener Diodes Mixed hits

Coded
10 5 Amp SCR's T0-66 50-400v Coded
20 3 Amp SCR's TO -66 Up To 400v

Uncoded
203 Sit Diodes Switching Like IN4148 00-

35
200 Sd Diodes Gen Purpose Like 0A200/

BAX13/16
50 1 Amp IN4000 Series Sit Diodes

Uncoded All Good
8 Bridge Rects 4 x 1 Amp 4 x 2 Amp

Mixed hits. Coded
8 Black Instrument Type Knobs With

Pointer 4" Std
10 Black Heatsinks To Fit TO -3. TO -220

Ready Drilled
50 BC107/8 Type NPN Transistors Good

Gen Purpose Uncoded
50 BC177/8 Type PNP Transistors Good

Gen. Purpose Uncoded
10 Silicon Power Trans Similar 2N3055

Uncoded

Price
El
It
El
11

It
El
E1

It
It
£1

Et
ft
£1

El

11

11

El

It

11

11

It

£1

El
£1

El
11

£1

El
11

11

El

ft

ft

El

El

El

E1.50

MINIATURE FM TRANSMITTER
Frey 95 106MHz Range ; mile 0,No VFI28Size 45  20mm Add 9v ball

ONLYNot licenced in UK
Ideal for C07 -MI5 FBI -CIA -KGB etc £5.50

POWER SUPPLY OUR PRICE 14.25
Power supply fits directly into 13 amp SO(Ft.1
Fused for safety Polarity reversing socket
Voltage swtch. Lead with multi plug
Input 240V AC 50HZ Output - 3, 4, 5 6,

7 5 9 & 12V OC Rating 300 ma VP109

TRANSISTOR CLEARANCE
All Sorts Transistors 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 100 IL, El

RATCHET SCREWDRIVER KIT
Comprises 2 standard screwdriver blades &
7mm size 2 cross point size 4 & 6 1 Ratchet
handle 5n-1 Kit E1.45 each. 0/No 329e

REGULATED VARIABLE MODULE
Stabilised POWER SUPPLY + KIT
Variable from 2-30 volts and 02 Amps Kits

inclides -
1 - VPS30 Module 1 - 25 volt 2 amp

transformer
1 0-50v 2" Panel Meter 1 02 amp r Panel
Meter
1 - 470 ohm potentiometer 1 4K7 ohm
potentiometer Wiring Diagram

inc,uded Order No VPS30 KIT £20

Os

EIPPAK
To receive your NEW 1984 BI-PAK Catalogue, send 75p

PLUS 25p p&p to.

OUR GREAT NEW 1984 CATALOGUE

Presented with a Professional Approach and Appeal to ALL who require
Quality Electronic Components. Semiconductors and other Accessories
ALL at realistic prices. There are no wasted pages of useless
information so often included in Catalogues published nowadays.
Just solid facts i.e. price, description and individual features of what
we have available. But remember, BI-PAK's policy has always been

to sell ouality 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 ex stock. The Catalogue
is designed for use with our 24 hours "ansaphone" service
and the Visa/Access credit cards, which we accept over the
telephone.

TECASBOTY THE ELECTRONIC COMP°N
OEFTHSEYD

SEMICONDUCTOR

This collection of Components & Semiconductors for the hobbyist
is probably the most nave -packed selection ever offered, it consists
of Resistors, carbon and wirewound of various values. Capacitors'
All types, sorts and sizes including electrolitics, Potentiometers -
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 EC's. In all, we estimate the
value of this in current retail catalogues to be over £251 So, help
yourself to a great surprise and order a Box TODAY for ONLY at BI -PAX.
Remember, stocks are limited so hurry' You can call us on
0920-3182/3412 and order with your Barclaycard or Access Card 0,
24hr Answerphone Service NOW. Order No. V.P. 85 just £6.50 am

Send your orders to Dept PE5 BI-PAK PO BOX 6 WARE, HERTS
SHOP AT 3 BALDOCK ST. WARE, HERTS

TERMS CASH WITH ORDER. SAME DAY DESPATCH. ACCESS
BARCLAYCARD ALSO ACCEPTED TEL 109201 3192 GIRO 388 7006

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

Use your credit card king us on Ware 3187
NOW and gel your order even taster Goods
normally sent 2nd Class Mad
Remember you must add VAT al 19,v in your
Total order
Postage add 75p per IOW order



HOME UGHTING KITS
these kits contain Mt necessary components and
1,i...humor's& WV rualned to  et andisid
well switch end cont.°. up to 300. of bighting

TDR300R Remote Conpol
Dimmer £14.95
Transmitter for above £4.50
rouchdonmer £7.75
Touchsrtch £7.75
E ritension kit for 2 was
switching lot TO 300K 2.50

1.03004 Row, Controlled
Dimmer £3.95

MKS
TD3OOK

T530010

TOUR

.71

DVM/ULTRA SENSITIVE
THERMOMETER KIT

nips ands 3,, dig, tiouid crystal
a
disPlas

te lower power version of the ICL 7106
new design s based on Ise If, /1 ZU

This lot wall form the basis of digital
rnultimpler (Onto a few additional resistors and
switches are required details suppliedl or a

sensitive digital thermometer 50°C to 1501.0
ieading to 0 VC The basic kit has a sens livity of
200mV for a full scale reading automatic POlentv
ndication and an ultra low power requirement
givmg a 2 year typical battery life from a standard 9V
PP3 when used 8 hours a day

eta., 3 week Price £15.50

XK113 MW RADIO KIT
Based on ZN414 IC. lot includes PCB. wound
aerial and crystal earpiece and all components

rn,il 11 a SenbItlye miniature radio Size 5.5 .
Requires PP3 9V battery IDEAL

(INNERS £5. 0

ELECTRONIC
LOCK KIT
With hundreds
of uses in doors.
garages. car
anti -theft
devices.
electronic
equipment etc
Only the correct
easily changed
four digit code
will open it!
Requires a 5 to 15V
de supply Output 750mA Fits
into standard electrical wall
box. Complete kit lexcl
front panel/ XK101 fit 50

Electronic lock mechanism
for use with the above kit.

70 150 f 14 95

WE ALSO
STOCK A WIDE

RANGE OF
ELECTRONIC

COMPONENTS
SEE CATALOGUE

FOR DETAILS

MINI KITS
MRS ELECTRONIC THERMOSTAT
Uses 1141911 IC to sense temperature
180°C meal end Mac to Switch heat./
11K1N1 Mains powered f 60
MEd SOLID STATE RELAY
Switches 2400 ac motes lights
heaters from lo9K /compute. circuits
Zero voltage nvolching onto isolated
Supplied without Mat £200
MR4 PROPORTIONAL
TEMPERATURE CONTROLLER
Uses "burst tire lecanque to main
orn lemtpereture to within 0 5"C Ideal

in. photography incutset0r1
°selling etc Ma. load 3KW 12400
all Temp range on to 90°C EIS 50
MKS MAINS TIMER
Mains powered timer enabling  load
up to 1KW at 2400 ac to be switched
on tor oth la a variable time trom 10
mins to 35 hrs Longer or or
Periods possible with minor
component change. 06 50
METE DUAL LATCHED SOLID
STATE RELAY
Comprises two MK2s with latch circuit
enabling the MK 12 kit to control two
mains loads independently Two
output triers not supplied i See
remote tonhol (450

liskENAI. MK 1 DC CONTROL& ED
AUDIO AMPLIFIER

May be used with virtually an, stereo
dud. amokfier to control bass
volume. treble and balance reolOtriy
either using a wire link or Me MK 11
irate red receiver A 1 of 10 decode,
with LEDS is also included Ior rem.,
input selections Msg., I Sea 'mil, -

SOW r01 kits I f 10 70

MICROPROCESSOR
CONTROLLED MULTI - PURPOSE

TIMER
Now you can run your
central heat ng, lighting.
h. ft system and lots More
With lust one orOgram
mable time At your
selection it it designed to

ncontrol lour riainsoutputs
inclependentw. switching
on and off et ars set times over a 7day Cycle g 10 C014101,0111
central nearing (including different switching times for
wkendsl. pal connect it to yOur System programme and set it
and forget n - the clock will do the rest

7rnm LED '2 hour disOler
 Pay of week, am pin and

output stews indrCatOrS
4 open co, Clan °ulna. roe
driving ielayf PAPS etc

 50 60Ns mains operatic,
 Battery be sap saws Stared

progrernrn, S and continues
ten seeong during power
IsilureS 113attiy not

 Dispiay blankig during
Power Nohne to conserve
Oat.. bowie
113 programs. lane sely

 Pow,' ireryday funtlion
enabling otout to sw.ich
eye. elsi Sol use Only one

Useful Peep lunehon
bons on 11.py, for eoae
Direct sentrh control
enabling pap,' to be turned
on mrnadudeiv or eter 
sue, tied time ee

.4.roaririo1. 0,40,

NOW ONLY

£39.00
 Programme yent,..abon at

Me touch of I button
 Pleat c box with atitact.vo

n printed front panelscree
15  SO  5 Sc,,,

Rd inctudes all components
PCS boa aSSeenbly and pro
granuning atstruct.or,...
Orel./as 86000
115114 OPTIONAL RELAY KIT
Kit includes one Way PCB to
aetiPhn.dle Unto 4 relays ter
min& PlaCkS. We to 1.1 ,ns.de
CT8300 boo ...valet up to 4
lamp 24011 AC changeover
canlike is [390
Addition, relays f165....

3 NOTE DOOR CHIME
Based on the SAB0600 IC the kit s supplied
with all components. including loudspeaker,
printed Circuit board. a pre.drilled box 195 .
71 . 35mml and full instructions Requires
only a PP3 9V battery and push switch to
complete AN IDEAL PROJECT FOR BEGIN
NERS Order as XK 102 £5.50

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
miter and an opto isolated
solid state mains switch. As
with all our kits, full
instructions are supplied.

XK103 £25
Extra transmitters

XK105 £10.00

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

COMPONENT PACKS
PACK 1 b50 Resistors 41 ore to tO Mon,' C tie

vaiue (4 00
PACK 40 160 Ftaci.cici C au, -

10000 S de, valve (325
PACK 3 60 Pottrester Cape/ tors 001 :',1v

Per value t5 55
PACK,' 45 Sub rn.ntu,e sets 100 oh,.. to

PACK C

HOME
CONTROL
CENTRE

This kit enables
you to control up to
16 different appli
ances by means of
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 micro
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 tom
prises a trans
miner with pre -
drilled box and
two receivers

4-111.>

XK112 £42.00
ADDITIONAL RECEIVERS
XK111 E10.00

Add 65p postage 8 packing 5% VAT to
total Overseas Customers.

Add E2 50 (Europe). E6 00 lelsewherei for p&p
Send SAE for further STOCK DETAILS
Goods by return subject to availability

OPEN 9m t
loam

a o 5
to1m

430ml M(so.noto Fri)

.1\

FAST SERVICE -TOP QUALITY- LOW LOW PRICES

DISCO LIGHTING KIT
01 10004
This for money kit le
lures  hi Orfectionaf scoutince.1

teaDeed ol endiluancy

of direction Change.
Nene variable be means ot
potentiometers end incoma
late  MOWN elfouning Control (15.95
DU 10004
A lower cost version of the above term, in, un
directional Chan., sapuenc weds Speed
enable by 'aeons of a pre set pot Outputs

switched (NOV at mains zero crossing boons to
reduce red.° interfisience to a minimum

E8.95
Options' Opt0 input MAI
/Slowing audio t beat I - light
reSponSe 600
DL30000
This 3 channel sound to hghl fisatums two
veatage sSund automatic levet control end
boat in rnic No connections to speaker or amo
required No knobs to .tsist simply connect
to mans supply and lamps i1KwCh n/4111

Only E12 95

24 HOUR CLOCK/
APPLIANCE TIMER KIT
Switches any appliance up to NVi
on and off at preset times once Pi -
day Kit contains AY 5 1230 I.
0.5" LED display, mains supply
display drivers. switches. LED.
Macs. PCBs and full instructions

CT1000KeesicKit E1490
CT 1000K with white boa
158131. 71mrni £17.40
Meads Built) E22 50

L D 3% 41 ITT L I ER
16 ranges rnr. ',bed DC vnitage
my 1000 . n 11C

NPN &
check lop.,
31mrn Ref PP )'l.
included ONLY C29 00

REMOTE CONTROL KITS

'1 50

vs 16 av Ti",sontie, Keyboard [590
,5 Duel latched Solid Sude IIay 14 50

k :Ls 04,01EL UNt nof o Nous 10:1 ior5

y

COMPUTER SHOWROOM
TOP HARDWARE,

LATEST SOFTWARE PERIPHERALS,
ACCESSORIES AND MUCH,

MUCH MORE!

ELECTRONICS-
11-13 Boston Road 01 567 8910 ORDERS
London W7 3SJ

CAR
PARK

01 579 9794 ENQUIRIES
01 579 2842 TECHNICAL Art( OM

01.50 I Nog rs4
C 1PC LK 14 R0 -en

GU

ALL
PRICES EXCLUDE VAT
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See and hear the new generation of Wersi!

FAA
The world's tot Computer

Organ

which is totally digital, portable

and self assembled

Ohlso
console mode)in

The Alpho
hcs

shide
pedigree) \Mrs,

names

liVe the Relics
ando Goloxy - played

by Franz lombed

crid Klous*uderlich
from this

world pedigree
o new

stor is born
- AI ho!

 Available
M

ice, loop.
40 hours to

build\ or

ready -built.

*Weighs only
58 lbs !portable

model).

01.1si
bu

RS232 and
Micli-interiaces,

Alpho COn

b

niplayellt.ind
and

programmed vio
home computer.

 ?hii11-,n
computer conss

pete.ogramme
your own sounds,

stoteole on
data ca

 Surpcslngly
once,

Post me coupon
today for

Alpha literature
or"ddress

of nearest
stockist.

Please
send me

ol-.dlure on Me

Sobulous Wen' Alpha.

Wersi Organ & Piano Ltd., Dept. C, 14/15 Royal Oak Centre,
Brighton Rd., Purley, Surrey. Telephone:01-668 9733
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YOUR CAREER. Y UR FUTURE. YOUR OWN BUSINESS. YOUR HOBBY
THIS
them&

Our new style
understanding
and visual method.
no maths, and

You learn by
all the essentials
a career in electronics
engineer. All the
of your own home

.
. ......., .

CACC

IS THE AGE OF ELECTRONICS!
fastest growth industry_

You Buildvviii ad omtohdeer n o
followingscil

1 osc op i

course will enable anyone to have a real  Recognise and handle current electronic
of electronics by a modern, practical components

No previous knowledge is required,  Read, draw and understand circuit diagram,
an absolute minimum of theory.  Carry out 40 experiments on basic
the practical way in easy steps, mastering electronic circuits used in modern
of your hobby or to start, or further, equipment using the oscil oscope

or as a self-employed servicing 0 Build and use digital electronic circuits
training can be carried out in the comfort and current solid state 'chips'

and at your own pace. Learn how to test and service every type
A tutor is available to whom you can of electronic device used in industry and
write personally at any time, for advice commerce today. Servicing of radio, T V ,
or help during your work. A Certificate Hi Fi, VCR and microprocessor/computer
is given at the end of every course equipment

'

'''' \

by

IP.'

SEE
ri

410
- - - --

...1XVok

-).

1,,
-0

-iv.

British° NationalRadio&Electronics Sclwol3ealing,13erks.RG1 MR

FFREE!
COLOUR ADDRESS

I BROCHURE

PE/5/842
now..

&Electronics School Reading,Berks.RG1 1BR

Please send your brochure without any obligation to

NAME

BLOCK CAPS PLEASE

COURSE IN ELECTRONICS
as described above
RADIO AMATEUR LICENCE
MICROPROCESSORS
OTHER SUBJECTS
please state below

CACC

OR TELEPHONE US I
0734 51515 OR
TELEX 22758
(24 HR SERVICE)
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Tandy The Latest In Hi -Tech
/ Test Equipment/

25 -Range 20,000
Ohms/Volt

Folding
Multitester

 90.120-150-180
Hold -Position
Hinge

 Folds Into
Compact Case
With Wrist Strap

Features include fuse and surge -absorber protection,
banana -type probe jacks and 4" 3 -colour mirrored meter
with automatic shunt protection (when folded shut). DC
Volts: 0 to 1200. AC Volts: 0 to 1200. DC Current: 0-60µ.A.
3-30-300 mA. Resistance: 0-2-20-200K-2 megohms (centre
scale 24). dB: -20 to +63 dB. Requires "AA" battery. 22-211

Compact 31/2 -Digit,
16 -Range Multimeter

£3495
 Fused and Overload

Protected

 Diode Check Finction
For Testing
Semiconductors

 Measures 53/56 X 31/4
x 17/16"

0

Single -IC design assures extremely low battery drain and
high accuracy. Single -knob range switch, full auto -polarity
operation. Low -battery and over -range indicators. DC Vohs:
2-20-200-2000V (max. 1000V). AC Volts: 2-20-200-2000V
mA-2A. Resistance: 2-20-200-2000 kohms. Includes spare
fuse, test leads. Requires 9v battery. 22-189

Digital Logic Probe Transistor Checker
With Tone and LED Tests In

Indicators Or Out
of Circuit
£995

 Overload and Polarity Protected

The fast way to "peek inside" TTL, LS and
CMOS digital circuits. Colour -coded LEDs
indicate high, low or pulsed logic states
(up to 10 MHz). Simuttaneous tone output
frees your eyes - really speeds up testing.
Minimum detachable pulse width: 50 ns.
36" leads with clips obtain power from
circuit under test. Low current drain. With
instructions and user's tips. 22.302

Art

 Indicates
Relative
Current Gain

 With Coded
Test Leads and
Instruction
Manuals

Makes Go/No-Go tests on small -signal
and power types and allows you tc
match similar transistors. Indicates relative
current gain, 'opens" and "shorts". Tests it
or out of circuit. Has a front panel socket
plus hook -clip leads for in -circuit tests
Requires "AA" battery. 22-025

Archerrm Voltage
Inverter

 For Cars, Trucks and Imports
Compact voitage inverter means you
can easily connect and use your 12v DC
equipment in vehicles with 12v DC
positive ground or 6v DC negative
ground electrical systems. For radios, CBs,
and tape players. Gives up to 3A. Fused.
22-129

z
OVER 350 STORES AND DEALERSHIPS NATIONWIDE ail Known As Radlo Shack In The U S A

Dealers
Check your phone book for the Tandy Store or Dealer nearest you sia offP neCIR SS tT41

vary
[

attavdltablllty
Pnor to Ow advenrsement r pooled reguLar once& have been charged dump It.. last vs months al the Tandy Store Tame...ay Tower. enclose Sire ttWalsall West M4.ndl WS1 ILA

Technologic

and
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GUIDE
THE multimeter buyer's guide in this
issue may be an eye opener to

many readers. Obviously a number of
meters are regularly advertised in our
pages and many component suppliers
carry a range in their catalogues.
However, the sheer range size may
come as something of a shock.

Unfortunately many suppliers do not
show a great deal of interest in selling
to hobbyists. Even though PE can claim
a readership made up from pure
hobbyists, students, teachers and
professionals in the electronics in-
dustry of around 200,000 people,
many companies remain unaware of
the potential. One large international
multimeter manufacturer recently an-
nounced its intention to enter the hob-
byist field with special products but,
apart from a press release sent out
months ago, appear to have taken no
steps to get this fact across to the
buying public.

COMPREHENSIVE
We do not claim that our buyer's

guides are comprehensive. What we
have attempted to do is take a sub-
stantial and representative selection of
what is available, in an effort to provide
readers with a reasonable choice. Just
as one company approached us follow-

ing our Monitors For Home Computers
guide in the February issue asking how
we missed them, we expect multimeter
suppliers to come out of the woodwork
following this feature to ask why they
have not been included. Our answer is
simple: You must make us and our
readers aware of your products, not ex-
pect someone to find your company.

We have attempted to do their
marketing job for them and give
readers basic information on the
products available. Thankfully these
comments do not apply to all com-
panies. You will find some multimeter
advertisements in this and other issues
of PE and we commend these adver-
tisers to you. They obviously want your
business and are prepared to do
something about it.

Next month we continue this theme
in our pages with a look at oscillo-
scopes, p.s.u.s, function generators and
logic probes. We are sorry to say that
by the time you read this it will be too
late to get any further material in. If
your company has been missed may
we suggest that you make sure we are
aware of your products and PE readers
know where to get them in the future!

SEASONAL
Changing tack slightly may we urge

you to make sure you continue to buy

the product you are reading. It is nor-
mal for us to start getting requests for
back numbers just after the summer
months, when some readers have been
away and missed an issue, only to find
that it contained an important feature
or project. While we are pleased to
supply back numbers, the quantity
available is limited and you pay more
for them (see foot of this page). So
please save yourself all the hassle by
placing an order for a regular copy with
your newsagent-they will hold them
for you while you lie on the beach in
some exotic part of the world. Most
newsagents also deliver them when
you return, and want to catch up on
technological innovations.

Of course, if supply of issues is a
regular problem, we can offer you a
subscription which will ensure your
issue is posted to you every month
(details at the foot of the page). Just to
keep you interested we are planning
features or projects relating to the
following subjects during the summer
months: photography, hi-fi, test gear,
fibre optics, radio astronomy, com-
puting, robotics and alarm systems.
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Items mentioned are available
through normal retail outlets,
unless otherwise specified.
Prices correct at time of going
to press.

HEAVY-DUTY CASSETTE UK Sales Boom
It is estimated that, even at home, a recorder coupled to a computer may
go through more cycles of operation in a month than a recorder used only
for audio does in a year. Commonsense companionship for a micro with a
busy operator comes in the shape of this 'heavy-duty' recorder from Bell
and Howell.
Unlike the majority of cassette recorders

used for data transferral, the 3179CX is
based on a recorder designed specifically
for use in schools. The unit is aimed at the
BBC machine primarily but is compatible
with other personal computers.

The machine incorporates an internal
electret microphone and an external
microphone socket. Two headphone
sockets are provided for private study, as
well as a socket for remote control of the
drive motor by the computer. In addition to
conventional fat-forward and rewind a

'cue and review' mode is incorporated: This
allows fast -forward or rewind to be done
with the 'play' button depressed so that
playback begins immediately the wanted
section of the tape has been found.

Other features include auto -stop at both
ends of the tape and mains or battery
operation. Recording whether computer or
audio can be done with either manual or
automatic level control. For computers re-
quiring a higher output from the recorder
when loading such as the ZX Spectrum, the
signal is taken from one of the headphone
sockets. From these up to 4V is available
from 'volume control' adjustment. The case,
mechanism and circuit boards are excep-
tionally hard wearing and shock resistant.

A full list of micros compatible with the
3179CX is unfortunately not yet available.
However, owing to the high output it is ex-
pected that most micro users will have little
trouble with compatibility. The unit is ex-
pected to retail at around £39.95 inc VAT.
For further information contact Brian
Watkinson, Bell and Howell, Alperton
House, Bridgewater Road, Wembley,
Middx. HAO lEG. (01-902 88121.

DOWN TO EARTH AWARD
A coveted Ideal Home Exhibition 'Blue Rib-
bon' has been awarded by the Daily Mail to
B&R Electrical Products Ltd of Harlow for
their unique range of "PowerBreaker.
products designed to prevent death or in-
jury from electrical accidents. Invented and
manufactured in Britain, the slim plugs and
sockets incorporate an electronic residual
current circuit breaker (RCCB) which
protects in a way that fuses, miniature cir-
cuit breakers or double insulation never
can.

The unique RCCB constantly monitors
the flow of power to an appliance. If an ac-
cident occurs and current starts to flow to
earth through a human body or other con-
ductive material, PowerBreaker. senses the
fault instantly and cuts off the current in a
split second-well before accepted danger
levels are reached.

Less than i amp can kill or start a fire,
but will not blow a fuse; double -insulation
becomes ineffective if the cable is cut or an
exposed metal part is made live because of

a loose connection. Users of portable elec-
tric tools and garden equipment such as
electric lawnmowers and hedgecutters are
particularly at risk because of the dangers
of cut cables, as are users of electrical ap-
pliances in kitchens etc.

The PowerBreaker range is available
from the usual electrical outlets. The plug
has a RRP of £24.15 and the socket
£42.97, these prices include VAT. Details
from B&R Electrical Products Ltd, Temple
Fields, Harlow, Essex CM20 2BG. (0279
34561).

The buoyancy of electronic equipment
production in the UK was reflected in
substantially increased demand for
semiconductors in 1983, says the Elec-
tronic Components Industry Federa-
tion.

On the basis of ECIF returns and af-
ter fair allowances for the imports and
production of others, it is calculated
that the 1983 UK market for semicon-
ductors attained a size of £600M,
which is equivalent to a growth of 41%
over 1982. It has now doubled in size
in the last 4 years, with continuous
growth throughout the recent reces-
sion.

The Federation predicts that 1984
will see a growth of 38% in integrated
circuits and 12% in discrete devices.

Beyond this the expectation is for
1985 to see further growth and the UK
semiconductor market reaching a size
of £1 billion for the first time.

SONIC-AlARM
New from Riscomp, and complementing their
existing range of modular alarm systems, is
the 'stand alone' ultrasonic intruder detector
kit, the CK 5063.

This unit generates an ear -piercing alarm
signal in excess of 110dB when triggered.
Although designed as a 'stand alone' unit, an
external bell or siren can be connected. Simple
soldering and assembly is all that is required
along with a mains supply on completion.

The system incorporates digital circuit
techniques and provides for three levels of dis-
crimination against false alarms. A built-in
exit -delay and fixed alarm time are incor-
porated as well as a selectable entrance -delay.
A 'hold' position on the key -switch allows for
'walk -testing' the area to be protected.

Normally retailing at £42.55 inc VAT this
kit is available on special offer in this issue of
PE priced £37.95 inc VAT (see page 34).
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Laser etching, with all its promise in medical
and photolithographic applications, suffers
from the disadvantage of heating side effects,
or charring. The photograph shows this (cut
on the left) where a conventional visible infra-
red laser was used.

The cut on the right was made using a new
technique called ablative photodecomposition,
and developed by IBM at its Thomas J. Wat-
son research centre. It is seen how a laser can
be made to cut biological or polymeric sub-
stances without heating up the surrounding
material. The breakthrough takes advantage
of a phenomenon of far -ultraviolet laser,
which features an intensity threshold that, if
exceeded, will eject molecules from the area,
taking with them excess energy that would
otherwise have been absorbed by the sur-

rounding material (hence the term 'ablative').
In biological and dental applications, un-

precedented accuracy can be achieved
because the geometry of the cut is controlled
entirely by the shape of the light beam.

The lower photograph shows a scanning
electron micrograph of commercial plastic
film etched to a line width of five microns,
demonstrating the technique's potential in the
photolithographic fabrication of integrated
circuits.

In recent weeks the PE office has received
several suppliers' catalogues which may be
of interest to readers:
Greenweld's Components ano Equipment
Catalogue 184 pages), the pos.-paid price
of £1 is redeemable with a discount
voucher against subsequent purchases,
70p to callers at- 443 Millbrook Road,
Southampton SO1 OHX (0703 772501).
Marshalls Component and Equipment
Catalogue (56 pages), costs 75p to callers
or £1 post-paid (UK) £1.50 (Rest of World)
from: 85 West Regent Street, Glasgow G2
20D (041-332 4133).

Marco Trading's Components and Equip\
merit Catalogue (109 pages), costs 65p
post-paid and 65p to callers. A 30p dis-
count voucher (included) is redeemable
against subsequent purchases from: The
Makings, High Street, Went Shropshire
SY4 5EN (0939-32763).
Jee Distributions' Components and
Equipment Catalogue (48 pages) is free and
can be obtained by sending a large s.a.e. to,
or calling a:: 43 Strathville Road, London
SW' 8 4QX (01-870 0075). A counter -
service is also available from: 267
Han worth Road, Hounslow, Middx.
Semiconductor Supplies International
Components Catalogue (1 78 pages) is free
and can be obtained by sending a large
s.a.e. to, or calling at: Dawson House,
128'130 Carshalton Road, Sutton, Surrey
SMI 4RS (01-643 1126).
Supercat Electronics' Test and Measur-
ing Equipment Catalogue (36 pages) is free
and can be obtained by sending a large
s.a.e. to. PO Box 201, St Albans, Herts AL1
4EN (0727-62171).

Silicon News Corner
Motorola Introduces dual -chip, ultrafast
rectifiers in TO -220 package to replace two
axial lead 3A devices which normally require
hand soldering to a heatsilk. These
switchmode rectifiers arc M UR605CT,
MUR610CT, MUR615CT & MUR620CT.

100MHz infrared fibre -optic emitters
MFOE 1201 & MFOE 1 202.

Four new r.f. power TMOS f.e.t. transistors
for low band linear applications, are MRF148,
MRF150 t 30W & 150W respectively, and
MRF138, MRF140 Of 30W & 150W respec-
tively, the former being 50V, the latter, 28V.

 Optocoupler/7500V isolator requiring only
1mA input, is MOC 8100.

New series of high speed, single supply,
quad op amps known as the MC34074 series
run from 3 to 44V (+1-5 to ±22V). Bipolar.
4.5MHz gain bandwidth product.

New dual port memory unit (8 -bit HCMOS)
is MC68HC34.
* 3A voltage regulator series in voltages from
5V -24V, with up to 2% o/p voltage tolerance
(A scflix) is MC78T00 series.
Motcrola European Literature Centre, 88
Tanners Drive, Blakelands, Milton Keynes.

Please check dates before setting out, as we cannot guarantee the ac-
curacy of the information presented below. Note: some exhibitiois 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.

Life (Fire protection) April 9-13. Olympia. S
Laboratory April 11-12. New Century Hall, Manchester. E
Tectronica April 16-18. Earls Court, London. T
Fibre Optics May 1-3. Porter Tun Room, Whitbread Brewery. E
All Electronics/ECIF May 1-3. Barbican, London. E
Biotech Europe May 15-17. Wembley Conf. Cntr., London. 0
DEC user May 15-17. Cunard Int. Hotel, Hammersmith,
London Q I
Micro City May 15-17. Exhibition Complex, Bristol. F3
Scotelex June 5-7. Royal Highland Exhibition Halls, Ingliston,
Edinburgh. 05
IBM System User Show June 12-14. Wembley Conf. Cntr., London. 0
Qualex June 19-21. Corn Exchange, Brighton. D4

Surface Treatment & Finishing Show June 25-29. Birmingham. M
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-I I. Wembley Conf. Cntr., London. 0
Software Expo Oct. 16-18. Wembley Conf. Cntr., London. 0
Drives, Motors & Controls Oct. 24-26. Harrogate Exhibition Cntr. E
Computers In The City Nov. :0-22. Barbican, London. 0
Data Security Nov. 20-22. Barbican, London. 0

D4
E
F3
M

05
Q I
S

T

Network 0280 815226
Evan Steadman f 0799 26699
Tomorrow's World f 0272 292156
Montbuild 01-486 1951
Online f 01-8684466
Institute of Electronics f 0706 43661
f 01-242 8697
IFSSEC 01-387 5050
Trident f 0822 4671
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Model: BBC MA50. Ranges:
Voltage a.c./d.c. 300mV-1000V (5
ranges). Current a.c./d.c. 300µA -20A
(6 ranges). Resistance 3k0-20MO (5
ranges). Capacitance 300nF-3000µF
(5 ranges). Decibels (5 ranges).
Special Features: Built-in battery
charger. Price: £265.00. Supplier:
House of Instruments, Clifton Cham-
bers, 62 High Street, Saffron Walden,
Essex. (0799 24922).

Model: DD601 (YK32K). Ranges: Voltage
d.c. 200mV-1000V (5 ranges). Voltage a.c.
200mV-750V (5 ranges). Current d.c.
200µA -2A (5 ranges). Current a.c.
200µA -2A (5 ranges). Resistance
2000-20MO (6 ranges). Special Features:
Diode test facility. Price: f4250. Supplie:
Maplin Electronic Supplies, PO Box 3,
Rayleigh, Essex, (0702 554155).

Model: Hung Chang HM101. Ranges: Voltage d.c.
10V -1000V (4 ranges). Voltage a.c. 10V -1000V (4 ranges).
Current d.c. 0-100mA (1 range). Resistance 0-1 Mil (2
ranges). Decibel range. Price: £8.60. Model: HM102.
Ranges: Voltage d.c. 250mV-1000V (8 ranges). Voltage
a.c. 10V -1000V (5 ranges). Current d.c. 50µA-500mA (5
ranges). Resistance 0-6MO (4 ranges). Decibel range.
Price: £13.22. Supplier: House of Instruments, Clifton
Chambers, 62 High Street. Saffron Walden. Essex. (0799
249221.

MULTIMETERS

A multimeter is one of the most essential pieces of test equipment
for the hobbyist. This buyer's guide has been designed to show
you a selection of the meters currently available. Although it can-
not cover all the models it should at least put you on the right road
to the type of meter you require. Please note all the prices are in-
clusive of VAT but not p&p. Only one supplier is listed for each
meter but many of the models are available from more than one
source.

Model: Philips PM2544. Ranges: Voltage d.c. 0-1000V (4
ranges). Voltage a.c. 0-1000V )4 ranges). Current d.c.
0-10A (2 ranges). Current a.c. 0-10A (2 ranges). Resistance
0-10M11 (5 ranges). Special Features: The PM2544 is
also a signature analyser and timer/counter. Price:
083.25, Supplier: Pye Unicam Ltd., Sales Dept., York
Street, Cambridge. 10223 358866).

Model: Pantec Zip. Ranges: Voltage
a.c./d.c. 2V -500V (4 ranges). Resist-
ance 21a1-2 MO (4 ranges).
Special Features: Auto -ranging.
Direct entry probe allows one -handed
operation. Supplier: Pantec, Carlo
Gavazzi (UK) Ltd., 162-164 Upper
Richmond Road, Putney, London.
(01-785 90221.
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Model: Microtest 80 (Y1384F). Ranges:
Voltage d.c. 0.1V -1000V (6 ranges). Voltage
a.c. 1.5V -1000V (5 ranges). Current d.c.
50pA- 5A (5 ranges). Current a.c
2501.14-2.5A (5 ranges). Resistance
50011-5M11 )5 ranges). Capacitance
1,IF-25000µF (4 ranges). Decibels (5

ranges). Price: C27.00 Supplier: Maplin
Electronic Supplies. PO Box 3. Rayleigh,
Essex. :0702 554155).

-n a-. rAtltlt

Model: Avometer Model 8 Mk 5.
Ranges: Voltage d.c. 100mV-
3C GOV (9 ranges). Voltage a.c.
3V -3000V )8 ranges). Current d.c.
5CpA-10A (7 ranges). Current a.c.
1Crrotk-10A 14 ranges). Resistance
2k11 -20M11 (3 ranges). Decibel
range. Special Features: Automatic
cut out Price: £145.00. Supplier:
House cf Instruments. )0799 24922).

Model: Avometer 1001.
Ranges: Voltage d.c.
240mV-1000V :7 ranges).
Voltage a.c 10V -1000V (5
raiges). Current d.c.
0.1mA-I A (5 ranges).

 Resistance 511-2 MIl (2
ranges). Price: C32 77.
Supplier: House of Instru-
ments.

. r

00011:: r
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Model: M etex 3000.
Ranges: Voltage d.c.
200mV-1000V (5 ranges).
Voltage a.c. 200mV-700V (5
ranges). Current d.c.
2004A -10A (6 ranges).
Current a.c. 200pA-10A (6
ranges). Resistance 20011-
20M0 (6 ranges). Special
Features: Diode test facility
and zero cieck. Price:
C32.77. Supplier: House of
Instruments. 10799 24922).

Model: Pantec Dolomiti. Ranges:
Voltage d.c. 150mV-1.5kV (9
ranges). Voltage a.c. 5V -1.5V (6
ranges). Current d.c 50µA -5A (6
ranges). Current a.c. 5mA-5A (4
ranges). Resistance 5001/-50M11 (6
ranges). Decibels (6 ranges). Special
Features: Universal signal injector.
Price: C57.61. Supplier: Alcon In-
struments Ltd., 19 Mulberry Walk.
London SW3 60Z. (0' -352 1897).

Model: YK375. Ranges: Voltage d.c
0.25V -1000V 16 ranges). Voltage a.c
10V -1000V (4 ranges). Current d.c
25µ4-104 (11) ranges). Resistance
2k12-20Mi1 (5 ranges). Decibels (8 ranges).
Special Features: Range doubler facility
which enables readings to be taken at lower
ranges. Price: 119.95. Supplier: Maplin
Electronic Supplies, PO Box 3, Rayleigh,
Essex. (0702 554155).

Model: BBC M2012. Ranges:
Voltage d.c. 200mV-650V 15
ranges). Voltage a.c. 200mV - 650V
(5 ranges). Current d.c. 2mA-2A (4
ranges). Current a.c. 2mA-2A (4
ranges). Resistance 2k11 -20M11 (5
ranges). Price: C102.92. Supplier:
House of Instruments. 10799 24922).

Model: DM E1400. Ranges: Voltage a.c./d.c.
200mV-1000V Current a c./d.c. 200mA-1A.
Resistance 20011-20M(1. Special Features:
Autoranging or manual selection, low resistance
bleeper' and sample hold function. Price: f270.25.
Supplier: Telonic Instruments Ltd., 2 Castle Hill
Terrace, Maidenhead, Berkshire. (0628 73933).

Model: BBC MA3E. Ranges: Voltage
a.c..A.c.100mV-1000V (9 ranges) Current
a.c.'d.c. 10µA -10A 17 ranges). Resistance
1(1-20M0 15 ranges). Decibels (9 ranges/
Price: 0112.20 Supplier: House of Instru-
ments, Clifton Chambers. 62 High Street.
Saffron Walden, Essex. 10799 24922).
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The new
AV01000 Series

of analogue testers
feature a

breakthrough
in design.

A slot in the handle is the key to
simple lead stowage, but that's only
one aspect of our breakthrough. This
series, designed and built in Britain,
also features top entry leads with
right angled fittings, moulded channels
to contain spare prods and clips; easy -
to -read analogue scales; simple range
selection, a separate battery and fuse
compartment and a handy tilt stand.
The specification is equally
outstanding.

The AVO 1001, for instance, offers
voltage testing to 1kV (a.c. and d.c.),
current up to IA d.c. and resistance
up to 2mn.

See your usual distributor
for further information

and a demonstration.
Chances are you'll want

to drop it into
your toolbag right

away. Which is
fine, we've

designed them
for precisely
that.r\

0

The test of ability
THORN EMI Instruments Limited
Archcliffe Road, Dover, Kent CT17 9EN Telephone 0304 202620 Telex 96283THORN EMI



MULTIMETERS

model: Hitachi VR3525. Ranges:
Voltage d.c. 200mV-1000V 15 ranges).
Voltage a.c. 2000mV-750V 14 ranges).
Current a.c./d.c. 200µA -10A (5
ranges). Resistance 2000-20Mn.
Special Features: Autoranging. Diode
test. Continuity. Temp. -20°C to

+700°C. Price: £120-75.
Supplier: Reltech Instruments,

4.0 New Road, St. Ives, Huntingdon,
.., Cambridgeshire PE17 4BG.

(0480 63570).

Model: Fluke JF73.
Ranges: Voltage d.c.
0-1000V. Voltage a.c.
0-750V. Current d.c.
0-1 OA. Current a.c.
0-1 OA. Resistance
0-32 M II Special
Features: Digital and
analogue. Autoranging.
Price: £74.75. Supplier:
Electroplan Ltd., PO Box
19, Orchard Road,
Royston, Herts SG8 5HH.
10763 41171).

Model: ALT/AI KD30C. Ranges:
Voltage d.c. 0-1000V (5 ranges).
Voltage a.c. 0-700V (5 ranges).
Current a.c./d.c. 0-1A (5 ranges).
Resistance 0-20M0 (6 ranges).
Price: £37.95. Supplier:
Semiconductor Supplies International
Ltd., Dawson House, 128/130
Carshalton Road, Sutton, Surrey SM 1
4RS. (01-643 1126).
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Model: Miselco Electro Super. Ranges: Voltage
a.c./d.c. 100mV-1000V 19 ranges). Current a.c./d.c.
100µA -6A (8 ranges). Resistance 0-1&111
ranges). Special Features: dB scale. Price:
£56.00. Supplier: Alcon Instruments Ltd., 19 Mul-
berry Walk, London SW3 6DZ. (01-352 1897).

Model: Pantec PAN 2001 Ranges: Voltage
100µV -1000V (5 ranges). Current
0.1A -10A (6 ranges). Resistance

0.10-20Mf1 16 ranges). Special Features:
Capacitance 1pF-20µF. Square wave generator
15Hz-15kHz. Temp. -50°C to +150°C. Price:
£113.85. Supplier:
Electronic & Computer
Workshop Ltd.
(0245 262149)

Model: ALT/AI K D305. Ranges:
Voltage d.c. 0-1000V(4 ranges). Voltage
a.c. 0-750V 12 ranges). Current d.c.
0-10A (4 ranges). Resistance 0-2M0 14
ranges). Price: £32.20. Supplier:
Semiconductor Supplies International
Ltd., Dawson House, 128/130
Carshalton Road, Sutton, Surrey SM1
4RS. (01-643 11261.

Model: Fluke 8026B. Ranges:
Voltage d.c. 200mV-1000V. Voltage
a.c. 200mV-750V. Current a.c.
2mA-2A. Resistance 20011-20M11.
Special Features: Diode test.
Conductance: 2ms-200ns. Price:
£207.00. Supplier: Electroplan
Ltd., PO Box 19, Orchard Road,
Royston, Herts SG8 5HH. 10763
41171).

Model: AVO 2001. Ranges:
Voltage a.c./d.c. 200mV-
1000V 15 ranges). Current
a.c./d.c. 200nA-10A (6
ranges). Resistance 2000-

20M0 16 ranges).
Special Features:
Continuity. Diode test.
Price: £98.21.
Supplier: House of
Instruments, Clifton
Chambers, 62 High
Street, Saffron
Walden, Essex (0799
24922).
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HEf1RY'Sl
AUDIO ELECTRMICSI
COMPUTERS  COMMUNICATIONS  TEST EQUIPMENT  COMPONENTS

VISIT OR PHONE  OPEN 6 DAYS A WEEK  AU. PRICES INC VAT

STEREO TUNER/AMPLIFIER
4 wave band stereo tuner amplifier
by GEC MW/1 
SW: stereo FM radio
10 10 watt stereo
amplrfier Inputs for PU
tape in, out Supplied as two

Ze
assembled units .f.21
15 illustrated
- easy to connect IUK C/P CI 501

CASSETTE
MECHANISMS
Fitted counter motor record
and erase heads solenoid
MC Brand new available 6V
DC or 12V DC 1state whichl z5.95

TOROIDAL
TRANSFORMER
loo watts isolation 230 240 V AC
plus 80 BA 4A 15 0 I5V 0 6450 300
0 I 6A Size antral 4 Via a I

£7.95IIIKC
P 75p1

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

Controls S Slide
Rotary PB Push Button

K025C  12 range 0 2A DC 2 Meg ohm 1S1 £26.95
K03115  14 range 10A 11C 2 Meg ohm 151 £27.95
KE130C  26 range IA AC 110 20 Meg ohm IRI E33.50
METED 3000  30 range 10A AC DC
2OMeg ohm 'RI £37.95
6010 NI 113 rangellIA AC/DC 20 Meg ohm 1111E37.95
K055C  26 ringelOA AC DC 20 Meg ohmI81E39 95
1(0615  113 range 10A DC2 Meg ohm
Plus REF tester Al £39.95
7030  As 6310 but 0 1-i ham 1P81 £47.50
(1143350  /Moroni plus Con! Tester
1E1 ranges IDA AC  DC 2 Meg ohm 181 E49.95
B ench Models 111K C. P CI 031
TM3553 Mgr! 29 range LEO 10A AC/DC
20 Meg ohm £97.75
TM356 3 Digit 27 range LCD 10A AC/OC
20 M ohm

models
with

carry
case

E109.25

ASTEC UHF MODULATORS lue
UMI 233 cased lor computers etc £3.50 C P 40p!

MULLARD MODULES 16°,:pc,r°,
31

LPI 171.11 and LP1 179 AM/FM Tuner pr £5.75
(P1186 Varicap Tuner £5.00
LP1157 AM Tuner E2.50

GENERATORS [UK C/P CI 031
15617 RF 100KHZ to 150MHZ
IUp to 450MHZ Harmonicat E109.25
56002 FIF 100KHZ to 30MHZ E82.1101

RG2026 AudicSme Square 20HZ to 201KHZ.£102.35
1.0627 Audio sine Square 10111 to 1MHZ £106.95

PRESTEL
ADAPTOR Scare set
with data et 1P/S  r 125
and SVI £59.95 rno VAT

MODEM CARD
BT approved ready assembled
unit with data and
accessories £29.95 Inc VAT £5.95

CHERRY ADD-
ON KEYPAD
16 button

pad non
encoded

QWERTY KEYBOARDS
51I and 12V suitable _
P S £8.95
up 60p

69505
Exclusive Special
Purchase compact hall eller! 64 keys plus 5 function
keys ye  ye strobe ASCII but all definable steel
Irame all !acilifies UK c p CI CIO E35.00

69 key ASCII. General purpose steel Wale
Redelinable output S and I 2V supply neg strobe
pulse 4 user definable keys
shill control key etc £42.95

IUK 85p1

MULTIMETERS 'UK C'P 6510
14C60 15 15 range pocket 10K Volt £8.50
M200 30 range 20K Von Many leatures
20KHZ prat C21 It51 £9.95
NMI 02(12 22 range 20K Volt 10A DC

Plus con! Buzzer 10 Meg ohm E13.50
TMK500 73 range bench 30K/Volt Oe luxe
I 2A DC plus cont Buzzer 20 Mfg ohm £23.95
1411561122 range 10K /Volt 6*g ohm £11.95
830A 25 range 30E, Volt 10 AC/OC
10 Meg ohm £23.95
TN360111 19 range 20K/Volt plus OF lester
1 Vag ohm £13.95
ST303TR 22 range 20K Volt plus HFE tester
120 OC I Meg ohm £17.95
KRT5001 Range doubler 35 ranges
50K Volt IDA DC 20 Meg ohm £19.95

HIGH VOLTAGE METER
Direct reacting 0 40 KV
20K Volt £25.30 IUK C1767161111111

DIGITAL CAPACITANCE
METER IUK C P 65pi

01 pl lo 2000 nod LCD ranges
D M6013 E59.95

I.T.T. 2020
CABINET
ProleStional
Computer Case

IC t1S a4
trout slOpeS1 As previously advertised

£27.50 vim aro C Pf7 bar

TRANSISTOR TESTER
Meter reading APR. PAP Hle and leakage
also diode lest

E22.95 'UK C P 65131

THERMAL MATRIX
U E INTER

COMPUTE MIN Full NARDOOOK 3 ROL ,S PAN 14

£49.95:,IUK poet et CI 051
Piet appro. C1871
SUITABLE FOR 1101 1111C MC  NASCOM  GEMiiii
ACORN MAW BRAIN DRAGORmc etc tinter -Its unit
with lead. E13 state models 'Tour enquiries invitecil

STOCKISTS FOR frequency counters Signal generators
Power supplies Plus huge range Of components 1004
accessories and parts for callers
Send lir ie SAE for Mallets late items

OSCILLOSCOPES
Specifications any model.
Send SAE

Single Trace 10S C P £3 591

6052310810M HZ 5mV £152.00
3030 1514111 5mV plus components
tester ICrotech I
NMIO3 10MHZ 2rnV plus components
tester Iliamegl
SC110A  10M HZ battery portable
Inlander'
 Carry case C6 24 AC Adaptor 0799
Dual Trace 11.11( CP C4 501
CS1562A I OMHZ with 2 probes r £299.95
NV203 2014/17 plus components tester
111amegi £303.60
3132 ?OMNI plus component comparator
ICrotethl £325.45
CSI5664
?OMNI with 7 probes prio1 £3B2 50

2131411/ sweep delay plus component
tester Ittamegl £419.75
8212 2014111 with 2 probes IHrlachil £385.25
112031 20MHZ sweep delay with 2 probes
11411achil £431.25

El 77.10

E181.70

E18975

OPTIONAL PROBE KITS
- t7.96. X10 - E9.45. xlisi0 £11.50

ORDER

BY
POST

OR

PHONE.0
Oosi MC.0.11
ACC.. VI. p10,o. 0..6 /km

HEIIRYS Shop at
404 406 Edgware Road London. W2
Computers 01-402 6822 Equipment 01-724 0323
Components 01 723 1008

(UDIOELECTRONCS Shop al
301 Edgware Road. London. W2
Test Equipment. Audio Communications 01 724 3564

Details
any model
send S.A.E.

All mall to
Cuhegate Ltd

I st floor
406 Edgware Road.

London. W21E0

TWO FABULOUS OFFERS FROM

SUPER 20
20kWV a.c. & d.c.
A SUPER

PROTECTED
UNIVERSAL

MULTIMETER
Undestructible, with auto-
matic protection on all
ranges but 10A.

ONLY £33.50
inc. VAT, P&P, complete with
carrying case, teats and instructions.

This special offers iv a wonderful opportunity to acquire
essential piece of test gear with a saving of nearly £20.00.

Accuracy: d.c. ranges and f? 2% a.c. 30/0 lof
39 ranges: d.c. V 100mV, 1 OV, 3 OV, 101/. 30V, 100y, 300V, 1000V.

d.c. 150µA, 100µA, 300µA, 1.0p,mA,3mA, 10mA, 30mA,
100mA, 1A, 10A
a.c. V 10V, 30V, 100V, 300V, 1000V.
a.c. I 3mA, 10mA, 30mA, 100mA, 1.0A, 10A.
5/ 0- 5.01d1, 0- 50Id1, 0 - 5001d 2, 5M f 1, 50Mf2.
dB from -10 to *61 in 5 ranges.

Dimensions: 105 x 130 x 40mm.

20
suPer

Miseico

an

SUPER TESTER 50 501(12 V a.c. and d.c.

A 39 ranges - fool -proof -
multimeter with
protective diodes, quick
acting 1.25A fuse and
resettable cut-out.

PROFESSIONAL
SOLUTION
TO GENERAL
MEASUREMENT

PROBLEMS

ONLY £36.30
incl. VAT, P&P, complete with

carrying case, leads and instructions.
Goods normally by return of post.

The best instrument for the workshop, school, toolbox, TV shop and
anywhere accurate measurement is needed quickly and simply.

Accuracy:
39 ranges:

d.c. raiges and II 2% a.c. 3% loff.s.d)
d.c. V 1 50mV, IV, 3V, 10V, 30V, 100V, 300V, 1000V;
d.c. 1 20µA, 100µA,300µA, 1 OmA, 3mA, 10mA, 30mA,
100mA, 1A, 3A.
a.c. V 10V, 30V, 100V, 300V, 1000V;
a.c. I 3mA, 10mA, 30mA, 100mA, 1A, 3A.
Ohms 51d?, 50kf?, 500k11, 5Mf2, 50M12.
dB from -10 to  61 in 5 ranges.

Dimensions: 105 130  40mm.

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

Instruments Ltd.
19 MULBERRY WALK LONDON SW3 6DZ TEL 01-352 1897 TELEX 918867
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0
Model: ISI DM3350. Ranges: Voltage d.c.
0-1000V (4 ranges). Voltage a.c. 0-600V (4
ranges.. Current a.c./d.c. 0-104 (2 ranges)
Resistance 0-2MS/ (5 ranges). Special Features:
Autoranging. Continuity. Price: £51-75. Supplier:
Semiconductor Supplies International Ltd., Dawson
House, 128/130 Carshalton Road, Sutton, Surrey SM1
4RS. (C1-643 1126).

11111
1."

Model: Beckman HD100.
Ranges: Voltage d.c.
200mV-1500V (5 ranges).
Voltage a.c. 200mV-1000V
(5 ranges). Current a.c./d.c. 200µA -2A (5 ranges).
Resistance 200(2-20M0 16 ranges). Price:
£132.25. Supplier: ITT. (0279 29522).

Model: Beckman T90.
Ranges: Voltage d.c. 200mV-
1000V (5 ranges). Voltage a.c.
0-600V (2 ranges). Current d.c.
200u4 -2A (5 ranges).
Resistance 2000-20MQ (6
ranges). Special Features:
Diode test. Price: £43.96.

Supplier: Beckman
Instruments Ltd.. Mylen
House, 11 Wagon Lane,
Sheldon, Birmingham
B26 3DU. (021-742
7761).

Model: Anders AMM301. Ranges: Voltage d.c.
60mV-300V 17 ranges). Voltage a.c. 6V -600V (5
ranges!. Current d.c. 0.03mA-600mA (4 ranges).
Resistance 0-2M51 (4 ranges). Special Features:
dB scale. Price: £29.33. Supplier: Anders Elec-
tronics Ltd., 48-56 Bayham Place, Bayham Street,
Londor NW1 OEU. (01-387 9092).

Model: Hitachi VR3510.
Ranges: Voltage d.c. 200mV-
1000V (5 ranges). Voltage a.c.
2000mV-750V (4 ranges). Cur-
rent a.c./d.c.. 200µA -10A (5
ranges). Resistance 20011-20MQ
(6 ranges). Special Features:
Autoranging. More accurate
than VR3525. Continuity.
Diode test. Temp. -20°C to
+700°C. Price: £15525
Supplier: Reltech Instru-
ments, New Road, St. Ives,
Huntingdor, Cambridge
PE17 4BG. (0480
63570).

Model: ALT/A1 KD25C. Ranges: Voltage d.c.
0-1000V .4 ranges). Voltage ac. 0-500V (2
ranges). Current d.c. 0-200-nA (2 ranges).
Resistance 0-2Mi1 (4 ranges). Price: £27.60.
Supplier: Semiconductor Supplies International
Ltd., Dawson House, 128/130 Carshalton Road,
Sutton, Surrey SM I 4RS. (01-643 1126).

Model: Keithley 175. Ranges: Voltage
d.c. 200mV-1000V (5 ranges). Voltage
a.c. 200mV-750V (3 ranges). Curren..
d.c. 200µA -10A (6 ranges). Current a.c.
2001.14-104 (6 ranges). Resistance
20052-200M52 (7 ranges). Special
Features: Autoranging. uP operated
with memory (100 readings). IEEE bus
Price: £396.75. Supplier: Keithley In
struments Ltd.. 1 Bculton Road, Reading,
Berkshire RG2 ONL. (0734 861287).

Model: Soar ME -531. Ranges: Voltage d.c.
200mV-1000V (5 ranges). Voltage a.c.
2V -1000V (4 ranges). Current d.c.
200mA-10A (2 ranges). Current a.c.
200mA-1 OA (2 ranges). Resistance
20011-2M11 (5 ranges). Special Features:
Autoranging. Continuity. Diode tester. Price:
f 56.20. Supplier: Maplin Electronic Sup-
plies, PO Box 3. Rayleigh, Essex SS6 8LR.
10702 554155).

Practical Electronics May 1994 I9



MULTIMETERS

Model: Keithley 179A. Ranges: Voltage d.c. 200mV-1200V (5
ranges). Voltage a.c. 200mV-1000V (5 ranges). Current a.c./d.c.
200µA -20A (6 ranges). Resistance 0-20n0 (5 ranges). Special
Features: Hi -lo range option, over -range indication. Price: £385.
Supplier: Keithley Instruments Ltd. 1 Boulton Road. Reading,
Berks RG2 ONL. 10734 861287).

Model: ALT/Al KD55C. Ranges:
Voltage d.c. 200mV-1000V (5
ranges). Voltage a.c. 200mV-700V
(5 ranges). Current a.c./d.c.
200µA -10A (6 ranges). Resistance
0-20rsA0 (6 ranges). Special
Features: Overload indication.
Price: £43. Supplier: Semicon-
ductor Supplies International, Daw-
son House, 128/130 Carshalton
Road, Sutton, Surrey. (01-643
1126).

Model: ALT/AI KD615. Ranges:
Voltage d.c. 200mV-1000V (5
ranges). Voltage a.c. 0-750V (2
ranges). Current d.c. 200µA -10A.
Resistance o-aon (6 ranges).
Special Features: Overload protec-
tion, diode test facility. Price:
£42.55. Supplier: Semiconductor
Supplies International, 128/130
Carshalton Road, Sutton, Surrey. (01-
643 1126).

Model. Miselco T20 'Super'. Ranges: Voltage d.c.
100mV-1000V (8 ranges). Voltage a.c. OV-1000V (5 ranges).
Current d.c. 50µA -10A 110 ranges). Current a.c./d.c. 3mA-10A
(6 ranges). Resistance O -50M (5 ranges). Decibels -10 to
+61 (5 ranges). Special Features: Diode test facility, overload
protection. Price: £42.25. Supplier: Alcon Instruments Ltd.,
19 Mulberry Walk, London SW3 6DZ. 101-352 1897).

Model: Thandar TM451. Ranges: Voltage
a.c./d.c. 200mV-1000V (5 ranges). Current
a.c./d.c. 200mA-1A (2 ranges). Resistance
o-nron (6 ranges). Special Features:
Optional auto -ranging, diode test. Price: £184.
Supplier: Thandar Electronics. (0480 64646).

Model: Micronta (Tandy). Ranges: Voltage
a.c./d.c. 2V -1000V (4 ranges). Current
a.c./d.c. 2mA-2A (4 ranges). Resistance
0-21(12 (4 ranges). Special Features: Diode
test facility, overload protection. Price:
£34.95. Supplier: Tandy stockists.

Model: Thandar TM354. Ranges:
Voltage d.c. 2V -1000V (4 ranges)
Voltage a.c. 0-500V (2 ranges). Current
d.c. 2mA-200mA (4 ranges). Resistance
13-2ro0 (4 ranges). Special Features:
Diode test facility. Price: £45.95

Supplier: Thandar Electronics Ltd,
London Road, St Ives,

Model: Lascar LMM/100 (LH95D). Ranges: Voltage
a.c./d.c. 0.1mV-1000V (5 ranges). Current a.c./d.c.

0.1µA -2A 15 ranges). Resistance 0-20MO (5 ranges).
Special Features: Overload protection, display 'hold'.

Price: £88.61 Supplier: Maplin Electronic
Supplies Ltd., P.O. Box 3, Rayleigh, Essex SS6 8LR.

(0702 552911).

Hu itingdon, Cambs.
PE17 4HJ.

C0480 64646).

na4

CaNWOiv
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Model: Miselco 'Super' 50. Ranges: Voltage d.c.
150mV-7000V 18 ranges). Voltage a.c. 0-1000V (5
ranges). Current d.c. 20µA -3A (10 ranges). Current a.c.
3mA-3A (6 ranges). Resistance 0-50M0 (5 ranges).
Decibels -10 to +61 (5 ranges). Special Features: Diode
test facility. Price: £50. Supplier: Alcon Instruments Ltd.,
19 Mulberry Walk, London SW3 6DZ. (01-352 1897).

Model: Hung -Chang
HC7030. Ranges: Voltage
a.c./d.c. 100pV-1000V (5
ranges). Current a.c./d.c.
01µA -10A 16 ranges).
Resistance 0-20M0 (6
ranges). Special Features:
Diode test facility, overload
protection. Price: f49.95.
Supplier: Ambit Inter-
national, 200 North Service
Road, Brentwood, Essex
CM14 4SG. (0277 230909).

Modal:
Thandai

7A4356.
Ranges:

Voltage
d c 00mV-WOOV

(5

ranges).
Voltage

a.c. 20Ornler--.750V

(5 ranges).
Current

dc.

200µ.41-10A

(6 ranges).
Resistance

0420Mfi
(6 ranges).

Spacial

Features:
Diode

test facility.
Prce109.25.

Suppiier:
Thandar

4HJ. (0480
64646/.

Electronics
Ltd, London

Road
St Ives Huntingdon

Cambs.
PE17

Model: DM 2350C Ranges:
Voltage d.c. 0.2V -1000V.
Voltage a.c. 2V -600V. Current
a.c./d.c. 200mA-20A. Resistance
0-2M0. Special Features:
Auto -ranging, continuity 'buzzer'.
Price: (67.85. Supplier:
Semiconductor Supplies Inter-
national Ltd., Dawson House,
128/130 Carshalton Rd., Sutton,
Surrey SM 1 4RS (01-643 0829).

Model: MIC-3300A. Ranges:
Voltage d.c. 200mV-1000V 15
ranges). Voltage a.c OV-750V (2
ranges). Current d.c 200µA -10A
(5 ranges). Resistance 0-20M0
(6 ranges). Special Features:
Diode test facility. Price:
£48.30. Supplier: House of
Instruments, Clifton Chambers,
62 High Street, Saffron Walden,
Essex CB10 1EE.(0799 24922).

Model: Fluke '73'. Ranges: Voltage d.c.
320mV-1000V. Voltage a.c. 3.2V -750V.
Current a.c./d.c. 32mA-10A. Resistance
0-32M0. Special Features: Auto -ranging,
diode test facility, additional linear display
feature. Price: £74.75. Supplier:
Electroplan Ltd., P.O. Box 19, Orchard Rd.,
Royston, Herts. SG8 5HH. (0763 41171).

7LETELTI MULTITESTER TYPE TM11

Model: Level' TM11. Ranges: Voltage d.c.
150µV-50kV (18 ranges). Voltage a.c.
50µV-50kV (19 ranges). Current d.c. 1 50pA-
50A (24 ranges). Current a.c. 50pA-50A (25
ranges). Resistance 0-10G0 (7 ranges).
Decibels -90 to +50 (15 ranges). Special
Features: Diode test, temp. sensor 17 rangesl,
amp output. Price: £189.75. Supplier: Levell
Electronics Ltd., Moxon St., Barnet, Herts. EN5
5SDI01-440 8686).

Practical Electronics May 1984 21



66AT E 46BTHE
IS OUND

Briskc
TO

MULTI
MOVE

-METER
FAST

I a 0
ti:
e

riI
10 ...II

(SO GRAB ADVANCED PERFORMANCE WHILE YOU CAN)

>31/2digitdisplay I> The uliimate in portability

>Easy operation by Autoranging I> 300 hrs battery life

1.,i >Overload protectionD High current capability 10A AD/DC

>Weight only 270g> Continuity checking by buzzer

f> Power source: 2 size AA batteriesD Low Ohms for in -circuit resistance

measurements

66 Only £46  VAT"> Audible overrange indication

Carlo Gavazzi (U.K.) Limited
162-164 Upper Richmond Rood Putney London SW15 2S1 Telephone: 01-7859022 Telex:8952493 MOTIIC
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 0.5pprn

* High Accuracy

* 3 Gate Times

* Low Pass Filter

* Battery or Mains

* Factory Calibrated

* 1 -Year Guarantee

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

PRICES (Inc. adaptor/charger, P 8 P and VATI
METEOR 100 (100MHz) E104.36

METEOR 600 (600MHz) £134.26

METEOR 1000 (1GHz)

Illustrated colour brochure
with technical specification

1 ,I
Immr11....Vx

...rw- 

(QAOi

E184.86 and prices available on request. ow

Lz 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) 6:440 Telex. 32339

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

1KW/Channel
Cr 8 Twin Presets

4 Independent
Channels

*8 Chase Routines
* Sound to Light

and Manual
Flash Functions

A full kit of parts for this exciting project including case, panel, P.0 B £1etc. is available from us for
'Includes VAT & Carr.

Telephone your order on 01-684 8007 or send Cash/Cheque/Credit Card No to

BENSHAM RECORDING LTD., SAIICILAYCROD

32/ 333 Whitehorse Road, Croydon, Surrey CRO
Shop open 9am-5pro Mon. -Set. VISA
Please allow 74 days for delivery

BIMBOXES 2300 Series, ABS. Guides for venically mounting PCBs.
Limdaptors for horizontal mounting

Part No Size Grey or Black While
BIM 2002/12 100x50x25 110 121
BIM 200.3,13 112 x62x31 125 131
BIM 2034/14 120x65x46 132 145
BIM 2005,15 150x80x56 154 169
BIM 2006/16 190,110x60 270 297
BIM 200&25 150x80x76 Grey Base. Clear Lid 191
BIM 2006/26 190x110x80 320
BIM 21117/12 112 .62 x31 Grey Polystyrene No Guides 063

4000 Series. ABS Base.BIMBOXES Muminrum recessed lid.
BIM 4003 85.56. 35 1 18 Grey
BIM 41304 11101.48 146 Of

BIM 4005 Blackk

BIMTOOLS

12v Mini Bimdrill Inc collets 805
Mini BundriN Ku Inc 20 tools 14 45

Mains Bundrdl Inc collets 955
Mauls Bundoll Ku inc 20 tools 15 45

Briton I7W 6 15

Bunrron 27W 575
Elornpurnp Desoldenng Tool 625

BIMCASES 1000 Series. ABS base, Sloping-
Front. Aluminium recessed lid.

BIM 1005 161 v39/57 '96 1 78 Grey or
BIM 1006 215x 47/..'2 .130 288 Black

.....---------,

0{ 0
All prices inc VAT Add 60p per order p&p.

S.A.E. for full lust. Mail order only.

BIMSALES
Dept. PE5, 48a Station Road, Cheadle Hulme,

Cheadle, Cheshire SK8 7AB. Tel. 061-485 6667.
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MICHAEL TOOLEY BA
DAVID WHITFIELD
MA MSc CEng MIEE

LOGIC SIGNAL GENERATOR
THIS month's Digital Project is devoted to the construc-

tion of a versatile signal source which will be invaluable
for use in testing and fault diagnosis of digital circuits. The
Logic Signal Generator provides four outputs which are fully
TTL compatible. These consist of complementary square
wave signals at both the nominal frequency (f) and at twice
this value (2f). A fifth, variable amplitude, output of 1V peak
maximum is also available. This output has a nominal 50
ohm impedance and is ideal for applications such as the
calibration and general testing of both analogue and digital
circuits.

The Logic Signal Generator unit uses low-cost readily
available components and is assembled on a sma I single -
sided p.c.b. As with all of the projects in this series, power
for the Logic Signal Generator is derived from the separate
regulated d.c. supply module which was described in the
March issue of PE.

CIRCUIT DESCRIPTION
The complete circuit of the Logic Signal Generator is

shown in Fig. 1. A Schmitt inverter, IC1f, forms a simple
square wave oscillator where the frequency of operation is
governed by switch selected capacitors, C1 to C7, together
with the series combination of VR1 and R1. The capacitor
values are selected to produce seven decade frequency
ranges, and VR1 provides a continuously variable adjust-
ment of the output frequency over a range of a little more
than 10:1, thus ensuring a small overlap between switched
ranges.

It should be noted that, although the output of this simple
form of TTL oscillator has acceptably fast rise and fall times,
the mark to space ratio is typically around 1:3. For most ap-
plications it is desirable to achieve as near unity a mark to
space ratio as possible. In the Logic Signal Generator this is
achieved by applying the oscillator output to an edge
clocked bistable stage. Such a stage reacts solely to either
the falling or the rising edge of its clock input, depending
upon the particular i.c., and thus will generate a near perfect
square wave regardless of the duty cycle of its input.

The oscillator output is buffered by means of IC1e and
then taken to the JK bistable, IC2a, arranged as a binary
divider with both J and K inputs taken to logic 1. The output
of IC2a thus consists of a square wave of near unity mark to
space ratio at exactly half the frequency of its clock input.
Complementary outputs, Q and Q, are taken to inverters,
IC1 b and IC1 a, respectively. These gates act as buffers and
help to minimise effects associated with loading at the out-
put. A second bistable stage, IC2b, follows the first. This
further divides the signal frequency to provide complemen-
tary outputs via IC1 c and IC1 d.

The Q output from IC2b is applied to the source follower
stage, TR 1. This provides a low impedance output which is
adjustable in amplitude by means of variable and pre-set
resistors, VR2 and VR3 respectively. Distributed supply
decoupling is provided at h.f. by means of C8 and C9 and at
1.f. by means of C10.

GENERAL

Waveform:
Frequency:

SPECIFICATION

Squa-e, unity mark to space ratio.
Seven switched ranges covering: -
1 0-3Hz to 3Hz
2 3Hz to 30Hz
3 30Hz to 300Hz
4 300Hz to 3kHz
5 3kHz to 30kHz
6 30kHz to 300kHz
7 3D0kHz to 3MHz appx.

111 OUTPUTS
Four fully TTL compatible outputs: font, font. 2feui, and 2fout-

VARIABLE OUTPUT
Single output at tout continuously variable in amplitude to 1V
peak maximum.
Output impede ice nominally 50 ohm.

Practical Electronics May 1984



TEST GEAR PROJECT

ICIf
7414

st

1

4o7 470n 47n 4n7 470p
MOO MIN

Cs1:' C6 C7

TTTTTTT
ov

Ce

pinI4
CO

ICI
P1r

+50

Cl I

C"IC2a
7473

a

0 '

+5V

RS
Ik

10

Cl P

CII IC2b
7473

IC)lb
7414

O

IC1C
7414

91>o°
ICId
7414

VR3
100

+sy IC1a 2 lout
7414

1-0 COMMON

2 lout

lout

I out

0V

Fig. 1. Circuit diagram of the Logic Signal Generator

CONSTRUCTION
The Logic Signal Generator is built on a single -sided p.c.b.

measuring approximately 120 x 70mm, the copper foil
layout of which is shown in Fig. 2. The corresponding corn -

COMPONENTS .

Resistors
R1

R2
R3,R4,R5
VR1
VR2
VR3

100
4k7
1k (3 off)
1k carbon potentiometer
100 carbon potentiometer
100 miniature horizontal skeleton pre-set

All resistors 0.25W 5% carbon

Capacitors
C1

C2

C3
C4
C5
C6
C7
C8,C9
C10

470p 10V elect
47p 25V elect
4p7 63V elect
470n polyester
47n polyester
4n7 polystyrene
470p polystyrene
4n7 ceramic (2 off)
100p 16V PC elect

Semiconductors
TR I VN66AF
IC1 7414
IC2 7473

Miscellaneous
P.c.b.
14 -pin d.i.l. sockets (2 off)
3 way 0.1" p.c.b. plug and socket
4 -way 0.1" p.c.b. plug and socket (2 off)
5 -way 0. 1" p.c.b. plug and socket
1P 7W p.c. mounting rotary switch
2 mm sockets (5 off; 4 red, 1 black)
BNC socket

VR2
TOO

.4

00

)01T.ITTII3UTS

VARIABLE OUTPUT
545

ponent layout on the top surface of the p.c.b. is shown in Fig.
3. Interconnections from the p.c.b. to the output sockets,
potentiometers and power supply are all made via 0.1"
matrix p.c.b. connectors, the wiring scheme for which is
shown in Fig. 4.

Components should be assembled on the p.c.b. in the
following sequence: d.i.l. sockets, p.c.b. connectors, links,
resistors, capacitors, f.e.t., and rotary switch. Note that, un-
like all of the other components, this last mentioned item is
mounted on the copper track side of the p.c.b. Once
assembly has been completed the underside of the p.c.b.
should be carefully checked for solder splashes, bridges bet -

SKI 542
(INPUT) (CONTROL)

)T\
n c COMMON +50 n c VRI VRI n c

OV (SLIDER) (ENO)

543
(OUTPUT)

VR2 n c
(END)

rICI49114)

n.c COMMON
OV

543
pin I

COMMON lout
OV

SK3
pin 4

544
(OUTPUT)

Fig. 4. Wiring interconnections
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Fig. 2. P.c.b. design

Fig. 3. Component layout

ween adjacent tracks, and dry joints. Finally, the i.c.s may be
inserted in their respective holders, taking care to ensure the
correct orientation of each device. Constructional details of
the enclosure and off -board wiring have not been given
since this will undoubtedly be a matter of preference for the
individual constructor. Constructional details of a suitable
power supply module were given in the March issue of PE.

TESTING AND CALIBRATION
Two commonly available items of test equipment are re-

quired in order to fully test and calibrate the Logic Signal
Generator. These are an oscilloscope (preferably a dual
beam type) and a digital frequency meter. Calibration should
initially be carried out with the unit switched to range 4
(300Hz to 3kHz), VR1 set to maximum (fully anti -clockwise).
The Y1 input of the oscilloscope should be connected to dis-

4.1

play fou, and the timebase should be adjusted to display two
to four cycles of this waveform. The Y2 input should then be
connected to each of the other TTL outputs in turn, and the
correct frequency and phase relationship should be checked
by reference to the Y1 display. The amplitude of each of the
TTL outputs should also be checked and this should be in the
range 3.5V to 4.5V.

The oscilloscope Y2 input should now be connected to the
variable output and VR3 adjusted until the amplitude of out-
put signal is exactly 1V. Finally, the digital frequency meter
should be connected to the variable output and VR1 ad-
justed for a reading of exactly 1 kHz. The scale fitted to VR1
should then be marked appropriately at this and at other
suitably chosen frequencies. This completes the testing and
calibration of the Logic Signal Generator and the unit is now
ready for use.
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E popular sustain effect for electric guitars is obtained
using a form of compressor. Units of this type have fast

attack and decay times so that they can respond with
suitable rapidity to changes in the dynamic level of the signal
from the guitar, and the compression characteristic gives an
almost constant output level. This retains the fast attack
each time a note is played, but the normal decay charac-
teristic is eliminated, and a virtually constant volume level is
maintained for the duration of each note. As a result, the
normal, almost percussive sound of an electric guitar is
modified to give a sound which is more like that of an organ.

Sustain units can be rather more complex than one might
expect, and can have problems with noise levels. The noise
results from the high gain that must be used to maintain the
output at a suitable level once the input signal has substan-
tially decayed. The gain (and noise) are at a maximum when
there is little or no input signal, which, unfortunately, is when
the noise is most noticeable.

This design is based on just one active device, and good
noise performance is obtained by including a noise gate at
the output. A useful additional feature is the ability to
produce a good fuzz effect using the unit.

NE571
The integrated circuit used in the unit is an NE571. This

device is primarily intended for noise reduction systems
where one section is configured as a 2 to 1 compressor and
the other is used as a 2 to 1 expander. A straightforward
2 to 1 compression characteristic would give a reasonable
sustain effect, but would be less than ideal. With this type of
compressor any change in the input signal level gives only
half as much change in the output level. For example,
boosting the input signal by 20dB (10 times) would give a
rise in the output level of only 10dB (about 3 times. This
greatly restricts the dynamic range of the output signal, but
ideally a sustain unit should give an almost constant output
level from any input signal of adequate strength, and an
effective dynamic range of only a few dBs.

The block diagram of Fig. 1a shows the standard NE571
compressor configuration. Ra to Rd are bias and feedback
resistors, but due to the inclusion of decoupling capacitor Cc

t

Fig. la. The normal NE571 compressor configuration

there is no negative feedback at audio frequencies, and the
operational amplifier exhibits its full open loop voltage gain.
However, there is a second feedback path through Cd,
and the gain cell. The latter is a form of voltage controlled
resistor, and the greater the control voltage it receives, the
lower its resistance. The control voltage is provided by the
rectifier circuit, and this is driven from the output of
the circuit.

Therefore, as the input signal is increased, the output level
rises, giving increased contol voltage to the gain block,
which in turn provides more negative feedback. This feed-
back reduces the voltage gain of the amplifier, so that the
rise in output level is limited, and the required compression
is obtained.

There is an alternative form of compressor, and it is poss-
ible to reconfigure the NE571N to perform in this alternative
mode. The block diagram of Fig. 1 b shows this arrangement.

This is in most respects the same as the original set-up,
and the only difference is that the rectifier circuit is driven
from the input, not from the output. Previously, the output
level of the circuit had to increase by a certain amount if
there was a rise in input level, as some rise in output level
was needed in order to increase the control voltage to the
gain block and give a reduction in gain.

26 Practical Electronics May 1984



MUSIC PROJECT

IN

GUT

Fig. lb. The compressor arrangement used in this design

Wth the second configuration this is not the case. An
increase in the input amplitude reduces the gain of the am-
plifier, and the compression effect is independent of the out-
put level. Low input levels have no significant effect on the
gain block as the control voltage that is generated is too
small, but above a certain threshold level a rise in input level
causes a reduction in gain that stabilises the output at a con-
stant level. In practice, there tends to be some variation in
the output amplitude, but this can be kept to no more than a
few dBs with careful circuit design, and the NE571N works
well in this configuration.

EXPANDER
The NE571N can operate as an expander using the

arrangement shown in Fig. 1 c. Here the gain of the amplifier
is determined by the negative feedback network which is
formed by Ra, the gain cell, and Rd. The lower the resistance
of the gain cell, the higher the circuit gain.

The rectifier is driven from the input of the circuit, and the
higher the input level becomes, the larger the control voltage
and gain of the amplifier. This gives the 2 to 1 expansion
characteristic.

In theory, using an expander of this type at the output of
the circuit would give a high level of noise reduction without
impairing the sustain effect. With only the noise output from
the sustain circuit there would be only a low input level to
the expander, and it would consequently have a low level of
gain. In fact, it would provide considerably less than unity

Rd

OUT

N

Fig. 1c. The NE571 as an expander

gain, and the noise would be attenuated. With a reasonably
high signal level applied to the input of the sustain circuit, a
high output level is produced, and the expander therefore
has a comparatively high level of gain, so that the signal
from the sustain circuit receives a degree of amplification.

As stated earlier, in practice there is a small variation in
the output level of the compressor -as the input signal is in-
creased above the compression threshold level. The expan-
der would tend to exaggerate these variations and reduce
performance. This problem can be overcome by using a less
extreme expansion characteristic, but one which still gives
sufficient expansion to give a useful degree of noise reduc-
tion. Resistor Re provides a bias to the gain block which
boosts the minimum gain of the circuit and gives a reduced
amount of expansion. Strictly speaking, the circuit is an ex-
pander rather than a noise gate, as it does not simply gate
the input signal on and off, but an expander used in this
single -ended noise reduction role is often referred to as a
noise gate.

A typical input/output characteristic of the sustain unit is
shown in Fig. 2. As can be seen from this, a 40dB increase in
the input signal (10mV to 1V) is compressed to a change in
output of only about 3 to 4dB.

Fig. 2. Typical input/output characteristic of the sustain unit
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The NE571 pin connections

RECT CAP I

RECT IN I

VAR GAIN BLOCK IN 1

GROUND
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PES R3 1

OUTPUT I

THD TRIM I

RECT. CAP 2

RECT. IN 2

VAR GAIN BLOCK IN 2

Vcc

INV IN 2

RES. R3 2

OUTPUT 2

THD TRIM 2

ices4t9c1
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THE CIRCUIT
The full circuit diagram of the unit is shown in Fig. 3, ICla

is used in the compressor/sustain circuit and the expan-
der/noise gate is based on IC 1 b. These closely adhere to the
configurations of Fig. 1.b and Fig. 1 c, but some of the
resistors shown in these diagrams are integral components
of IC1 and do not appear in Fig. 3.

Switch S1 is a (foot operated) bypass switch which
enables the effect to be easily switched out. Switch S2 can
be used to switch out the smoothing capacitor in the rectifier
circuit of the compressor so that the input signal modulates
itself. This produces severe distortion that gives quite a good
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"fuzz" effect. The attack and decay times of the circuit need
to be short, due to the rapid changes in the dynamic level of
the input signal, but smoothing capacitors C6 and C11 must
not be made too small or distortion performance suffers. It
is, therefore, a matter of choosing values which give a good
compromise between response time and distortion levels.

Potentiometer VR1 and its associated components enable
the distortion performance of the compressor to be trimmed
for optimum; VR3 is the distortion trim control for the
expander. The gain of the circuit might be excessive for
some guitars, and VR2 enables the gain of the compressor
to be reduced by supplying a bias to the gain block; VR4 is
the output level control.

Power is obtained from a small (PP3 size) 9 volt battery,
and the current consumption is typically only about 3.5
milliamps. Switch S3 is the on/off switch, and this can be a
set of isolated make contacts on the input socket, JK1.

CONSTRUCTION
A diecast aluminium box is ideal as the housing for a

guitar effects unit, as boxes of this type provide screening
against electrical noise and are very tough. Bear in mind that
bypass switch Si is a heavy-duty push-button type that is
foot or toe operated, and that a simple folded aluminium box
might not be able to take the sort of stresses to which the
unit will inevitably be subjected. A 150 by 80 by 50mm
diecast aluminium box was used as the case for the
prototype.

The two controls and two sockets are mounted on the
front panel of the unit, which is one of the 150 by 50mm
sides of the case. With effects units it is common for the
on/off switch to be part of the input jack, so that the unit
is automatically switched on and off when the guitar is
plugged into the unit and disconnected from it. This is
usually very convenient in use, but an ordinary jack socket
and separate on/off switch can obviously be used if
preferred. A jack socket having isolated d.p.d.t. contacts is
specified for JK1 merely because a socket having a single
make contact does not seem to be available. No connections
are made to most of JK1's tags.

Details of the printed circuit board are shown in Fig. 4.
The NE571 is not one of the cheapest integrated circuits,
therefore it is advisable to use a (16 pin) d.i.l. i.c. socket for
this component. Fit Veropins to the board at the places

Fig. 3. The complete circuit diagram of the sustain unit

COMPONENTS ...

Resistors
R1 9 18k (2 off)
R2,8 68k12 off)
R3, 4 27k(2 off)
R5 10M
R6 22k
R7 390k
VR1, 2, 3 22k min skeleton pre-set (3 off)
VR4 4k7 log carbon
All fixed resistors are 0.25W 5% carbon

Capacitors
C1

C2, 13
C3, 5, 8, 12
C4, 10
C6
C7
C9
C11

100p 10V axial elect
100n ceramic (2 off)
10p 25V radial elect (4 off)
4p7 63V axial elect (2 off)
10n polyester
4p7 63V radial elect
10p 25V axial elect
100n polyester

Semiconductors
NE571

Miscellaneous
S1

S2
S3
JK1

JK2
131

d.p.d.t. heavy-duty press -button
switch
Rotary on/off type switch
Part of JK1
Standard jack socket with isolated
d.p.d.t. contacts
Standard jack socket
9 volt PP3 size

Diecast aluminium box, 150 x 80 x 50mm; printed
circuit board; PP3 battery connector; two control knobs:
Veropins; 16 pin d.i.l. IC socket; wire, etc.
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Fig. 4. Printed circuit board layout and wiring

where connections to the off -board components will be
made. Once the board and wiring have been completed, the
printed circuit is mounted in the case, and it simply slides
into the set of guide -rails nearest the rear of the unit. There
is plenty of space for the battery to one side of Si. It is ad-
visable to fit a set of cabinet feet to the unit so that it does
not slide around when S1 is operated.

ADJUSTMENT AND USE
The guitar is connected to JK1 using a standard screened

jack lead, and the output from JK2 is coupled to the guitar
amplifier in the same way. Initially, all three preset poten-
tiometers should be adjusted to a roughly mid -way setting.
Using S1, it should then be possible to switch the sustain ef-
fect in and out, and with the effect switched in it should be
possible to adjust the output level using VR4; this is adjusted
so that the general volume obtained is much the same at
both settings of S1. It is possible that a very high output
guitar pick-up might give a slightly higher output than the
sustain unit can provide, and the volume control of the guitar
would then have to be backed -off slightly.

Potentiometers VR1 and VR3 are adjusted empirically to
obtain optimum distortion performance. It is not essential to
use sophisticated test equipment when doing this, a'id these
presets can simply be adjusted to minimise audible distor-
tion on the output. It is much easier to do this using a
reasonably pure sinewave input rather than the signal from a
guitar, but obviously any settings that give satisfactory
results in practice can be used.

If the unit is used with a high output guitar, results will
probably be better if VR2 is adjusted in an anti -clockwise
direction. This reduces the gain of the circuit, which is
otherwise almost certain to be excessive. A low output
guitar will probably necessitate adjustment of VR2 in a

clockwise direction to give a boost in gain. Otherwise, only a
weak sustain effect is likely to be obtained. Really it is just

0 1

a matter of using trial and error to find the setting which
gives the best subjective results.

A point which has to be borne in mind when using any
sustain unit is that it effectively boosts the gain of the guitar
amplifier when the output of the guitar is at a low level. This
increases the risk of problems with stray feedback, pick up of
mains hum, etc., although in this case the built-in noise gate
helps to minimise the risk of such problems.

Arta
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AUDIO SIGNAL
GEN RATER

THIS design provides gain control of sine, triangle and
square waves via an op -amp buffer. It has a TTL output

for logic applications, and gives digital readout accurate to
± 1 Hz. No switched ranges are used, the potentiometer giv-
ing a 1000:1 sweep range, and for this reason a multiturn
pot is specified to enable accurate settings to be made
easily. The unit is mains -powered, giving +12V and +5V.

Fig. 1. Circuit of signal generator
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HOW IT WORKS
The heart of the signal generator is the ICL8038 voltage

controlled oscillator with the following excellent features:
low frequency drift with temperature, low distortion and
high linearity, wide operating range (possible 0.001 Hz to
300kHz), variable duty cycle from 2%-98% etc. The three
waveforms are available simultaneously at pins 2, 3 and 9.
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TEST GEAR PROJECT
COMPONENTS .

Resistors
R1 10M
R2,3 4k7
R4,8 220k
R5 68k
R6 1M
R7 100k
R9 10k
R10 330
All 1W 10% carbon

Potentiometers
VR 1 330 min preset
VR2
VR3
VR4
VR5,6
VR7

20k multiturn lin
47k min preset
1k min preset
100k min preset
100k lin (with S1)

Miscellaneous
S1 --D.p.s.t.
S2-3 way rotary
53-S.p.d.t.
S4-S.p.s.t.
XL1-5.24288MHz crystal
FS1-250mA fuse and holder
SK1-BNC socket
SK2-Phono socket
Display bezel
5 -digit CA multiplexed display (GL9R03)
Centurion DX1 case
T1 -0-12V, 0-12V 3VA p.c.b. mounting transformer

Semiconductors
ICI ICL8038
IC2 4049
IC3 NE531
IC4 ICM7207A
IC5 ICM7225
IC6 7812
IC7 7912
IC8 7805
D1,2 1N4148
REC1 W005

Capacitors
C1-3 100n
C4 4n7 mica
C5 47p
C6 27p
C7,8 2200µ 25V elect
C9,10 0.22Li 25V tant
C1 1-13 10µ 15V taut
C14 5-65p trimmer

Fig. 2. Main board assembly

ro
GE1
EP1371

Fig. 3. Printed circuit of main board

I

The symmetry of the waveform can be affected by the ex-
ternal resistors on pins 4 and 5, and those readers who
would like to vary the duty cycle to produce, e.g. short pulses
or sawtooth waveforms, may like to experiment with these
components. The frequency of the generator is a direct func-
tion of the voltage on pin 8, so by varying the potential
divider formed by VR1, VR2, VR3, it is possible to obtain a
1000:1 sweep (i.e. 20-20,000Hz with the values selected).
The presets are used to set the top and bottom limits. How-
ever, to obtain this sweep the voltage across R2 and R3 must
decrease to nearly zero. This requires the highest voltage
on pin 8 to exceed that at the top of R2 and R3 by a few hun-
dred millivolts, and so D1 is included to lower the effective
supply to the 8038. IC3 is included as an output buffer, and
provides gain control by means of the potential divider at
pin 3. The two presets on pins 1 and 12 minimise sine wave
distortion, and according to the Intersil data it should be
possible to reduce the distortion to 0.5% by adjusting these.

A split power supply is used because it enables all the
waveforms to move symmetrically about OV. The square
wave is not committed, and so R4 is used as a load resistor.
This output is also linked to two inverting gates of the 4049
which, being powered from the 5V line, gives a TTL compat-
ible square wave signal available at the output terminals,
and is used for the digital display.
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An ICM7225 is used, being the simplest means of
providing frequency readout. It drives a 4f digit CA display
direct, with the CA line to 5V, but needs its store, reset, and
gating pulses in a specific sequence, and this is done by IC4,
an ICM7207A designed for just such a purpose. This gives a
1s gate (0.1s if pin 11 is connected to 5V) to give readings
of Hertz, and IC2 inverts the count inhibit output to provide
the gating input to the 7225. For readers who wish to use a
CC display (possibly the miniature FND357) the 7225 can
be replaced with the 7236. Though the data sheets specify
this as a device for driving vacuum fluorescent displays, it
will also drive the CC type. The pin out is exactly the same as
the 7225 except that pin 5 should be grounded and pin 35
(at present connected to OV) should instead be connected to
+5V. Otherwise simply connect the display segments as
shown, and the CC line to OV.

The power supply is straightforward and consists of a
3VA, 0-12, 0-12V transformer arranged in a 12-0-12V cen-
tre tapped configuration. The secondary a.c. is then rectified

0* ID** tOO *** *CDC)
X'  X2 *

 S.
* * X4 * X3 X5 

000000449 *0001*(490@f.

1)

111.1341

and smoothed before being regulated by IC6 and IC7 to give
+12V controlled by Si. The 12V also feeds the 5V regulator
which supplies IC2, 4, 5. This line is not switched because it
would have meant that VR7, incorporating only a two -pole
switch, could not be used. It is therefore made to power the
decimal point of the least significant digit to show that the
mains supply is on.

CONSTRUCTION
The project uses two p.c.b.s, details of which are given in

Figs. 3 and 4.
Mount the power supply components, making sure that

the regulators are inserted the right way round. The 7805 is
mounted on the rear panel.

After checking, attach a mains lead, switch on and make
sure that +12V and 5V appear at the 'out' pins. If all is well,
switch off, and disconnect the mains before proceeding with
the oscillator section. Two sets of holes are provided on the
p.c.b. for C4 depending on whether polystyrene or silver

Fig. 5. Interwiring details of generator
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mica is selected. This component needs to be of high
stability to minimise frequency drift. Use Veropins for all in-
terconnections to the p.c.b., and set all the presets to mid
travel. Apply power and check, preferably with a scope, that
the correct waveforms appear, and that adjusting the various
presets causes some alteration to them. Check the TTL out-
put on pins 15 and 12 of IC2 lone of them being an inver-
sion of the other). Varying VR7 should alter the peak -to -peak
level coming out of IC3 pin 6. Again if all is well, switch off,
and insert the components associated with the digital
readout. The digits are connected with ribbon cable to make
possible fault -tracing easier. By monitoring pins 2, 13, 14 of
IC4 it should be possible to see the count inhibit pulse
switching at a 1Hz rate, and the reset and store pins produc-
ing short negative going pulses. Connecting pin 11 of IC4 to
+5V will reduce the gate time to 0.1s, speeding up any
change in reading, but this does reduce the resolution to

10Hz, and this can be included via a toggle switch if desired.
If everything is working satisfactorily, the p.c.b. can be

bolted to the base panel of the Centurion DX1 case. It is a
very tight fit, but the result is a neat compact unit.

A ten -turn pot was used for VR2 to make resolution easier
but the author chose not to include a ten -turn dial, being
superfluous with a digital readout. The display incorporates a
bezel to improve the appearance and hide possible ragged
edges. Drill two holes in the rear panel for the strain relief
bush and mains fuse.

After a final check the unit can be calibrated by adjusting
trimmer C14 with reference to a reliable source, but in prac-
tice it was found that setting it to mid travel was accurate
enough for all but the most demanding purposes. VR5 and
VR6 are adjusted to give a good shape to the positive and
negative peaks of the sine wave, whilst VR4 alters the duty
cycle, most easily set using the square wave output. VR3 is
then adjusted to give a reading of 20kHz and VR1 a reading
of 20Hz. These presets interact and repeated adjustments
are necessary. Note that above 20kHz, the + digit will
remain lit, and give misleading results, so the prototype was
set with a top limit of 19500 to avoid confusion. When
these adjustments are complete, the case can be screwed
together, and any front panel markings, e.g. Letraset, added.
If readers are concerned about the buffer being a d.c. amp, it
can easily be modified to one of the standard a.c. op -amp
configurations.
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RISCOMP
STAND ALONE

SONIC ALARM KIT

B31-
INCLUDES VAT POP

A set of parts to build a complete stand-alone alarm
system which may be mounted on the wall, or placed
on a shelf or table. A few soldered joints and simple
assembly is all that is required to complete this kit; an
external horn or bell can be used with the unit. For
further details of this advanced ultrasonic system, see
'News and Market Place' in this issue.

INSURANCE BONUS
We are informed that a reduction of 10% on home -

contents insurance is available when this unit is in-
stalled. Please ask for details when ordering. Cheques
payable to 'Riscomp Ltd'. Post coupon and remittance
to: Riscomp Ltd, 21 Duke St, Princes Risborough,
Bucks. HP17 OAT (084 44 6326).

SPECIFICATION

Range: (Adjustable) 5ft-25ft. Frequency: 40kHz.
Entrance Delay: 0 or 20secs. Exit Delay: 20secs.
Indicator: Red I.e.d.

Please send me Kit/s (CK 5063)

< I enclose PO/Cheque No Value
I-

C.)
Name

o Address

 -
C

C

a.

0

Please allow 28 days for delivery
OFFER CLOSES FRIDAY JUNE 8, 1984

ca
o.

.0 Name

'1- Address

To: Riscomp Ltd, 21 Duke St, Princes Risborough, Bucks. HP1 7 OAT
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WE have now covered most of the common 8 and 16 bit multi -
chip processor families, followed by their single -chip cousins,

and the time has now come to take a look at the few remaining
processors which either did not fit readily into those earlier
categories or were not widely available when the series began.

In March we looked at the single -chip 8070 famny, and I

highlighted the uninspiring microprocessor track record of its
manufacturer, National Semiconductor, which despite some very
good ideas had not been able to shake the market stranglehold en-
joyed by the Intel, Zilog, Motorola, "big -three". In the next two file
articles we are therefore going to examine two other, fairly new,
devices from the National stable which are expected by their spon-
sor to break the existing mould and to turn the "big -three" into the
"big -four". See what you think!

First let's look at the National NSC800, an interesting 8 bit
multi -chip design which is already beginning to take -off well in the
expanding market for battery operated microprocessor systems
where its low power CMOS technology gives it an instant advan-
tage.

It all started with the development by National of a new CMOS
processing technology which combined, for the first t.me, the
functional density of NMOS with the low power requirements of
CMOS. National called this technology P2CMOS, and set about the
task of designing a new processor to make use of it.

In order that they might capitalise on their new technology as
quickly as possible, before everyone else could catch up, National
decided not to face the certain delays involved in a brand new
architecture, but to use an existing architecture instead. The trouble
was, National did not have a suitable 8 bit NMOS processor of their
own since their indigenous 8060 (SC/MP) design was becoming
obsolete and their other 8 bit processor, the 8080A, was just a
second source to the Intel design which itself was well past its
prime. National therefore examined all the offerings of their com-
petitors and decided that the impressive success of the Zilog Z80
and its powerful instruction set was the act they wanted to follow.
Unfortunately, they also felt that the un-multiplexed Z80 bus struc-
ture was not as neat as that of the multiplexed Intel 8085, and so
they decided to use their P2CMOS technology to demonstrate that
you can have a cake and eat it too, by building a CMOS Z80 with
an 8085 bus interface. The NSC800 was born!

Of course there were CMOS microprocessors already available,
particularly the RCA 1802, but these early devices had to pay quite
a price for their low power consumption and suffered from low
operating speeds and a primitive architecture. By haying the
capability to put the Z80 register and instruction set nside a
package using the efficient 8085 bus interface, running at the full
Z80 clock rates of up to 4MHz and with a low power consumption
to boot, National felt they were bound to produce a winner.

To back up the impressive capabilities of the NSC800, National
also designed two multi -function P2CMOS peripheral chips based
on the Intel 8155 and 8355 devices, to allow the design of a
system with 2K of ROM, 128 bytes of RAM, 42 I/O lines and two
16 bit programmable timers, but needing only three 40 pin chips.

The NSC800 and its support chips have been available for about
2 years now, and success has certainly been achieved to the extent
that the National device has ousted the RCA 1802 from its position
as the foremost CMOS processor, and has won ready acceptance
in battery powered applications thanks to its powerful architecture
and its ability to run the vast library of available 8080 and Z80
software, including the ubiquitous CP/M operating system.

Promising as this may be however, the NSC800 is unlikely to
make National's fortune. For a start, the NSC800 is several times

more- expensive than the NMOS Z80, making it a natural choice
only for battery powereo applications, which taken together are
a re atively small fraction of the total microprocessor market.
Secondly, other manufacturers, particularly in Japan, have now in-
troduced their own CMOS versions of both the Z80 and the 8085
microprocessors, and these have the great advantage that they can
be plugged straight into an NMOS Z80 or 8085 socket, often with
little or no circuit change. The NSC800 cannot be used in this way,
and is therefore mainly specified for brand new projects where its
special blend of Z80 and 8085 features can be used to advantage.

We therefore have to ask ourselves whether National have got it
wrong again, by designing an admittedly superior product which in
the end will be less successful than microprocessors which are
simpler and therefore less expensive.

Only time will tell, but after reading more about the technical
features of this excellent chip I am sure you will agree with me that
Naticnal do at least deserve to succeed!

REGISTERS
The NSC800 has an almost identical register set to that of the

Zilog Z80, which in its turn consists of a superset of the
808C/8085 registers. Register names remain the same as those
used on the Z80, and anyone used to that processor, or even the
earlier Intel 8080, will feel immediately at home with the NSC800.

Like the Z80, the NSC800 has two separate general purpose
register banks each containing the AF, BC, DE and HL register
pairs, and it has the usual 16 bit index registers IX and IY in addi-
tion :o the Stack Pointer and the Program Counter. You may
remember that the Z80 also had two unique 8 bit registers, I and R,
which provided the base address of the Interrupt vector table and a
dynamic RAM refresh count respectively. These have been retained
on the NSC800 with the R register now having a modification to
enable it to provide a full 8 bit count value rather than the 7 bit
count of the Z80. This is the only obvious difference between the
register sets of the two processors, and it confers the useful ability
to refresh the newer 64K bit DRAM chips some of which have
become a problem for the Z80 since it is only directly able to
refresh 16K bit devices unless additional external hardware is used.

As I pointed out on File Sheet 3, the Z80 has a more comprehen-
sive register set than any of the other 8 bit multi -chip processors,
and the NSC800 is therefore very well endowed in this respect.

The flags in the F register are also identical to those of the Z80,
and consist of the familiar Carry, Add/Subtract, Parity/Overflow,
Half Carry, Zero, and Sign bits.

INSTRUCTION SET
The NSC800 has all the Z80 instructions, and, thank goodness,

they all use the same mnemonics (for this reason we have not
shown the instruction set here) so that any Z80 based machine
with an assembler can easily be used to produce object code for
the National processor.

Like the Z80, the NSC800 instruction set contains all of the
8080 instructions too, although as before, most mnemonics have
been :hanged so that compatibility exists only at the object code
level. The two additional 8085 instructions, RIM and SIM, which
manipulated the Interrupt Mask and provided a serial I/O facility are
missing from the NSC800 set however, and this is because the two
serial I/O lines of the 8085, SID and SOD, have been sacrified to
provide the new NSC800 pin functions Refresh and Power Save.

Although the RIM and SIM instructions are not available, some
functions of the additional Interrupt Mask Register of the 8085,
which provided individual status and enable flags for the three fixed
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vector interrupts, have been retained in the NSC800 via a special 4
bit Interrupt Control Register (ICR). This register is unicue to the
NSC800 and has to be accessed via an OUT instruction to I/O ad-
dress OBBH. Anyone who is familiar with the 8085 will soon find
that the NSC800 RST A, B and C interrupts which are intended to
be similar to the RST 5.5, 6.5 and 7.5 of the 8085, are in fact quite
different in some respects, so be careful

There is no need for me to examine the NSC800 instruction set
in detail, since this was done quite adequately in the Z80 file arti-
cle. Suffice to say that those useful bit Set, Test, and Reset, instruc-
tions, BCD Shifts and Block Moves are all alive and well.

Since all the instructions are the same you would expect the ad-
dressing modes to be the same too, although National have put
their stamp on things by renaming the Extended mode of the 280
as the Direct mode, which is an improvement, I suppose.

SOFTWARE
With full 8080 and Z80 compatibility there is definitely no shor-

tage of software for the NSC800 since it can share the huge ex-
isting library built up for those processors over the years. The CP/M
disc operating system provides the easiest gateway to this library,
although whether it is likely that the low power advantages of the
NSC800 could ever be fully appreciated in a system which uses a
couple of floppy disc drives is quite another quesion I

More important perhaps, is the possibility of using an existing
Z80 based personal computer as a host development system for
battery powered NSC800 target systems. Almost any Z80 system
with an assembler and a PROM programmer could be used, in-
cluding the humble Sinclair Spectrum, but a system with floppy
discs and running the CP/M DOS would be ideal.

So far as I am aware, there are no personal computers which
actually use an NSC800 CPU, but this is only of academic
importance to the programmer.

INTERFACING
The NSC800 is not pin compatible with either the Z80 or the

8085, although it most closely resembles the latter. Some of the
8085 pins which have similar functions on the NSC800 have been
renamed by National to confuse the enemy, so that TRAP becomes
NMI and Ready becomes Wait. Some other pins have changed not
only their names but also their functions. In the 8085 two pins
HOLD and HOLDA provide a handshake to permit other devices to
request, and then use, the data and address buses. In the NSC800
these functions are provide° by the aptly named BICT and BACK
but with the difference that the logic polarities have been inverted
to be the same as those of the Z80.

The new function FTFS171 is also identical to the Z80 pir of this
name, but with the previously mentioned advantage of an 8 bit
refresh address being provided on the multiplexed bus. The PS in-
put pin is unique to the NSC800 and complements the low power
operation of the CMOS processor by invoking a very low power
standby mode in which the processor clock is suspended to reduce
consumption. Since it is intended that the processor itself should
control this pin in most circumstances, it would seem more ap-
propriate to provide this function via a special instructior rather
than by external hardware, but in its present form it doss also
provide the useful facility of a single step mode when driven by a
couple of external latches.

The P2CMOS technology of the NSC800 confers several other
advantages in addition to low power consumption. Instead of the
usual rigidly imposed 5 volt power supply voltage, the NSC800 can
operate over a 3 to 12 volt range and does not need tight voltage
regulation. Noise immunity too, can be better in CMOS systems,
and the low internal heat dissipation makes it possible fo some
NSC800 versions to be specified for the very wide ambient tem-
perature range of -55 degrees C to +125 degrees C.

The 8085 bus structure is a good choice for the NSC800 since it
multiplexes the 8 low order address bits with the data bus to save
package pins for other functions. In systems using standard
peripheral components such as 27C16 CMOS EPROMs or 16K
static CMOS RAM chips the bus has to be demultiplexed externally
using an 8 bit CMOS latch such as the MM82PC12. An 8085 -like
Address Latch Enable (ALE) output is provided to capture this
address nformation from the multiplexed bus.

For many applications however, it may not be necessary to use a

separate address latch since the two special I/O devices coded
NSC810 and NSC830 contain internal demultiplexing circuitry for
this purpose.

The NSC810 is a 40 pin P2CMOS device which features 128
bytes of static RAM, 22 parallel I/O lines and two programmable
16 Lit timer/counters. In most respects this device is similar to the
8155 from the 8085 family but it differs in having two timer coun-
ters instead of one, each having superior features to the single
8155 circuit.

The NSC830 is also a 40 pin P2CMOS device, but in this case
containing 2K bytes of masked ROM and 22 I/O lines. Masked
ROM is of no use for low volume applications of course, but there is
a companion device, the NSC831, which only has the I/O lines.
Unfortunately there is no EPROM version equivalent to the 8755.

The NSC800 is particLlarly well endowed with interrupt inputs
and modes, inherited from both the Z80 and the 8085 and
providing a high level of compatibility with both devices.

There are four fixed vector interrupts, NMI, RSTA, RSTB and
RSTC, all of which result in a direct vector to locations in low
memory. NMI is of course non maskable, but the other three can be
individually masked by clearing the appropriate bit in the Interrupt
Control Register (ICR), or collectively masked by issuing a DI
(Disable Interrupts) instrLction. The NMI interrupt input is edge
triggered but the other three are all level sensitive; while the input
pin is pulled low an interrupt is continuously asserted.

In addition to the fixed vector interrupts there is a single multi -
mode interrupt INTR, which operates in the same way as the Z80
input of that name. This input can be set up by the program instruc-
tions IMO, IM1 and IM2 to respond in one of three different modes
depending on the system configuration and the peripheral devices.

Interrupt Mode 0 is similar to the standard 8080 interrupt which
requires an interrupting device to respond to the Interrupt
Acknowledge output (INTA) by placing a suitable instruction on the
data bus (usually a 3 byte Call, but one could use the simpler 1 byte
Restart). This mode is particularly useful when a number of vec-
tored interrupts need to be handled and the system includes an in-
terrupt controller chip such as the Intel 8259.

Interrupt Mode 1 is the simplest mode since it turns the general
purpose INTR pin into an additional fixed vector input making a
new total of five. This is the most useful mode for many all-CMOS
systems, since as far as I can discover, there is no CMOS
equivalent to the 8259, and there are no CMOS equivalents to the
Zilog peripherals either.

Interrupt Mode 2 is the most powerful mode since in this case
the INTA output is used to read a single byte vector from the in-
terrupting device which is subsequently concatenated with the
contents of the I register to form a 16 bit pointer into a 128 entry
vector table which can be located anywhere in memory. Unfor-
tunately, the external logic required to generate the appropriate
response is quite complex, and neither of the two National
peripherals (NSC810 and NSC830) have the necessary facilities to
support this mode, a surpr sing omission. Perhaps National intend
(or intended) to produce an interrupt controller which supports this
facility, but without it the only easy way to use Mode 2 is to choose
NMOS Zilog peripheral chips such as the PIO and CTC devices.

Although National have not produced many CMOS LSI
peripheral devices for the NSC800, they have performed much bet-
ter in the provision of CMOS "glue" ports, since a useful range of
gates, decoders and latches is available, all fabricated in P2CMOS.

APPLICATIONS
The NSC800 should be considered for all battery powered

microprocessor applications since it offers a powerful architecture
and instruction set, an excellent bus structure, and all the low
power advantages of CMOS technology. If the need is to convert
an existing NMOS8085 or Z80 system for a low power application,
however, it may be easier to use one of the pin compatible CMOS
versions of those processors (80085, Z80C) which are now
becoming available.

If the intended application is to be mains powered, then it is un-
likely that the NSC800 could be considered cost effective unless
the reduced cooling requirements or the particular attractions of a
Z80 architecture and an 8085 bus are dominant factors.

A nice try National, but perhaps you should listen more closely
to the market research team rather than allow those bells -and -
whistles engineers to call the shots!
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V.T.'s views and opinions are entirely his own and not necessarily those of PE

THE late David Cohen came into the radio
business in Birmingham before the second

world war. He began, as so many of the old
pioneers did, by offering a battery -charging
service. He then gradually extended his
business into the retail and mail order equip-
ment supply areas. His avowed policy-and
you can't have better roots-was to sell com-
petitive goods of a quality commensurate with
what the man in the street could afford.

As well as being an ambitious man of
business, David Cohen was also a patriot-
which may seem a bit old-fashioned by to-
day's cynical standards. So when Hitler got
up to his tricks-which eventually, as we
know, did him no good at all-David wound
up his business, moved to London and
offered to do whatever he could to help the
war effort.

His son, Les, who now runs the firm which
is still called Radio & Television Components
Ltd., said: "My father, who was entirely self-
taught, got a job as an inspector with EMI,
then called The Gramophone Company. And
I'm convinced he did a good job, because he
was that sort of man. But when the end of the
war came he was given the push. This is no
criticism of EMI, with whom we still have
friendly ties. It was the vogue. In those days,
anyone who had a disability which prevented
them going into the services, as in my father's
case, tended to be regarded as a second-class
citizen."

But, disability or not, the drive was still
there. David launched himself into the
Government surplus business. He built and
marketed radio receivers made from broken-
down Government equipment and housed in
cabinets made out of ammunition boxes.
Another venture, on the components side, was
to acquire a consignment of dried -out Mul-
lard electrolytics at 2/6d (121p) each. He dis-
covered a method of reforming them and sold
them at £1 a time. The Cohen enterprise at
that time was being run from the family's
back garden and neighbours were not happy
about the situation. So David took over
premises in Acton, West London, and from
there he edged his way into other spheres.
One of them was stereo, using for the first
time, Les claims, an integrated circuit.

Although the firm now concentrates on the
retail and mail order trade-with the accent
on the former-from the Acton branch and
another in London's Edgware Road-it still
manufactures such items as TV sound tuners,
stereo cassette players in kit form and 125W
power amplifiers.

Les, who literally learned the game at his
father's knee, recalls how from his earliest
years he was totally involved in the operation.
"I was weaned on electronics," he says. "Just
after the war there were very few toys about.
At that time, with my father knee-deep in the
Government -surplus trade, I never had such a
thing as a train set for Christmas. Instead, I

had a rubber dinghy. Or an ex -WD box -kite
(used for meteorology) or a transmit-
ter/receiver. My destiny was plain to see.

"The fascination of electronics," he con-
tinued, "is that there is always something
new and exciting round the corner. But it is a
matter for regret that so many of our young
constructors lack the ability or interest to
keep up with the pace. Why, some of them
don't even know how to solder!"

Another of the tragedies of our time, thinks
Les, is that 90 per cent of electronic equip-
ment in use today is made outside the UK.
"To think," he said, "that at one time we had
it all in the palm of our hand. There were the
great names like Murphy, Bush, Leak and a
whole host of others, now dead and gone. And
why? Poor marketing, perhaps? Compla-
cency? Who knows? You know, someone
once said that the perfect product would be
designed by the British, made by the Ger-
mans and marketed by the French. How valid
that is I don't know. But perhaps we're not as

"Curiouser
and

curiouser"

European in our thinking as we ought to be.
"Deep down I like to think that I'm a good

European. But now and then I can't help
reminding myself that it's that strip of water
between Dover and Calais that's saved our
rather special way of life so many times. You
just can't ignore that.

"Once upon a time we had a strong
Commonwealth market that would take
everything-including all the rubbish-we
had to offer. And then when we went into the
Common Market we lost a lot of friends.

"Today we seem to lack a sense of purpose.
Go into any factory and you'll see people
running around doing nothing. People just
haven't come to terms with reality. The good
times we knew in the past are, for goodness
sake, over. It's now a matter of the survival of
the fittest. Management don't, in the main,
look far enough ahead. That's why we've lost
out in so many markets. Our ceramics
industry-once the envy of the world-has
virtually gone. Our cutlery-once universally
unrivalled-has gone. Our motor cycle in-
dustry has been killed stone dead.

"It would be foolish, of course, to deny
that the Japanese goods which flood our
markets are anything but excellent. But why
is this so? Is it because of their total dedica:
tion to corporate objectives which, possibly
because of differences in national outlook and
temperament, we lack? Alright, this may be
so. But what is more significant, I think, is
that whereas, when we find a successful

product we go on to discontinue it and put
something we feel is even better in its place,
the Japanese push and push and, only when
they have completely captured that particular
market, do they go on to update. Really, it's
all so simple. In the audio area, for instance,
it costs the same to make something within
1000th of an inch as a half -inch."

Napoleon designated the British as a
nation of shopkeepers. Les thought it was
Hitler, but I forgave him because he's a
young man who probably didn't care much
for history as a schoolboy-he was too tied
up with electronics. But if Napoleon was
right, isn't it time we did something about
changing that image? It is laudable to be an
efficient supplier. But it is even more
laudable-and essential to ensure our
economic future-that we should be a good
salesman as well.

My goodness, Les. You have thrown the
cat among the pigeons.

* * *
Electronics and its applications knows no

bounds. Hotelier Peter Rudd, according to
reports reaching my ears, is offering cut-price
weekends at his Norfolk establishment for
chronic snorers. Apparently he is prepared to
give them accommodation in a special (sound
proof?) wing, where their nocturnal snortings
wilJ be monitored and measured by night por-
ters equipped with decibel meters. And there
will be prizes for those generating the most
ear-splitting row.

He goes even further than that, if my in-
formant is to be believed. To ensure that the
participants are worked up to maximum pig -
noise capacity by night, he takes them on
daytime visits to the neighbouring villages of
Great and Little Snoring.

But it is clear that this lively inn -keeper is
setting a trend which could spread. What
about a similar facility for those who are
prone to talking in their sleep? It is a well-
known fact that the truth, the whole truth
and nothing but the truth tends to emerge
during mutterings in the wee small hours and
it is important that this soul -baring should be
handled in a controlled way. So why doesn't
Mr. Rudd organise weekends for those with
something on their minds? In the secure
atmosphere of his hotel they would be able to
babble away to their heart's content and
purge their systems of what could otherwise
be a death blow to marital harmony.

Whether such revelations should be taped
by the prowling porters is quite another mat-
ter. But certainly a playback session-with
immediate destruction of the recordings
afterwards-would be a much more enter-
tain'ng diversion than Monopoly.

* * *
Here's an odd remark attributed to Patrick

Cody, managing director of STV, when an-
nouncing his company's plans. He's quoted as
saying "we specialise in entertainment. We
make no pretence or apology for that."

Now, what did the gentleman mean?
Surely, entertainment is what people are pay-
ing out their pounds for. So why should
anyone pretend anything else? And why
should an apology be forthcoming for a
pledge to deliver the goods the client rightly
looks forward to? As Alice said: "Curiouser
and curiouser . . ."
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FOR AROUND £8
SINCE the Vic 20 ROM board described in Part 1 of this

series is designed to accommodate 2 x 2532 EPROMs
it was decided that there was little point in building a com-
plex programmer for use with the Vic 20, even though it is
possible to use 2716 EPROMs. Further to this, the falling
cost of the 4K ROM is conducive to adopting it as a standard
instead of the 2716. The programmer described here uses
the minimum of components required to fulfil the necessary
operations needed to test, read, program and verify a 2532
EPROM, instructions to the operator and other functions
being carried out under software control. Unlike most
microcomputers, the Vic 20 has address and data lines
available at the expansion port, cutting the components
count of the EPROM programmer by several costly i.c.s.

EPROM PROGRAMMING
When "clean" every bit in the memory matrix of an

EPROM is set high and since these are presented on the
screen of a computer in bytes, each byte has the Hex value
FF (1111 1111). To program the EPROM, some of the bits
are brought low to logic "0". The Hex value CA would be
represented by the bit pattern 1100 1010. In order to bring
the required bits low, a high voltage pulse of 50ms duration
has to be applied to the bit in question. This is carried out by
first of all applying a high (25V) voltage to Vpp (pin 21) and
then applying the 50ms pulse at CE (pin 20) when pointing

to the particular memory bit to be brought low. This is
carried out sequentially throughout the 4096 bytes (32768
bits) contained in the 2532.

Programming is carried out in four stages. The first func-
tion of a programming sequence should be to check that the
EPROM is clear, i.e. all bits set high. This is carried out in the
Read mode. The second stage sets the programmer circuit
to Program mode. Next is the actual programming, con-
sisting of comparing with a 4K byte section of RAM bit by
hit and bringing bits low where required. The third stage
compares, or Verifies the programmed EPROM with the
RAM section, indicating any bits left high that should have
been brought low and listing them, before announcing that
the operation is finished. Finally the EPROM board is retur-
ned to the Read mode before removal of the EPROM from
its socket. Reading EPROMs is similar to Verification. For
those possessing Vicmon, this has a facility built in. Because
of the vast quantity of information being processed, it is
usual to program in machine code, the whole sequence
described above taking between 3 to 5 minutes for a 2532.
Again, those who have Vicmon will find many subroutines in
this package that they can use.

A typical programming sequence would follow these
lines:

(a) Set Prog/Read switch to Read - Check
(b) Insert EPROM in socket - Check pin orientation
(c) Has Data been entered into RAM - Check
(d) Define Start and End of RAM area - Check
(e) Define Start and End of ROM area - Check
(f) Will total RAM fit into ROM?
(g) Check that ROM is clear. All bytes set at FF Hex
(h) Check that EPROM space is free of Data held in RAM
(i) Set Prog/Read switch to Prog. Apply 26V to Vpp
(j) Program - output bit pattern to start address - toggle
CB2, 50ms pulse
(k) Output bit pattern to Start + 1 - toggle CB2
(I) Repeat until program count is complete
(m) Set Prog/Read switch to Read
(n) Verify that Data in EPROM is same as Data in RAM
(o) If correct - End
(p) If not, List Bytes that do not agree
(q) Do you want to re -run from (i)?
(r) If Yes, go to (i), otherwise - End
(a) If Verification now correct - End

EPROMs can be checked for "clear" by verifying with a
RAM area set to FF Hex. They can be Read by POKEing Data
into RAM instead of comparing as at the Verification stage.
Note that the RAM address is not usually the address where
the EPROM will normally reside when in use.
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ERASING EPROMS

The transparent window on the upper surface of an
EPROM is normally covered with an opaque label to protect
it from extraneous UV light present in daylight and
household fluorescent lighting. This label is removed and the
window cleaned thoroughly. The EPROM can then be erased
by exposure to a 2357A wavelength ultra violet light held
approximately 1 inch from the transparent window for
around 20 minutes. For those who wish to construct their
own unit, the Philips TUV 15W tube is suitable. This
replaces an ordinary 15" fluorescent fitting and can be
bought for around £10. Care must be taken to ensure that
the unit is sealed in a light proof case to prevent the emis-
sion of UV light that is harmful to the eyes and hands. Com-
mercial units are fitted with press to make switches in the lid
to ensure automatic cut-off when the lid is removed.

CIRCUIT DESCRIPTION
Because the basic Vic 20 has insufficient RAM on board,

it is essential that it is fitted with a mother board and at least
a 3K expander card before a 4K EPROM can be program-
med. The board described in this part of the series is inten-
ded for insertion into the end socket of the mother board
described in Part 1 (Oct. 83), but this does not prevent it
being used with other models of mother board.

Two power supply lines are required by the programmer,
+5V to power the on board devices and a +25V supply used
in the programming mode. The +5V supply is present at the
Vic 20 edge connector on the mother board, whilst the
+25V can be derived from batteries or mains. Indeed, it is
suggested that batteries should be used until the unit is
suitably cased to ensure isolation from the mains voltages at
the transformer. Provision is made for connections to a bat-
tery supply, 4 x PP3 in series, or a similar arrangement, at
the terminals of C1. In this case the transformer, rectifier
bridge (BR1), C1 and C2 should be omitted.

When the 30V -36V d.c. supply is turned on it is present at
the collector of TR3, which forms part of the regulated
power supply. D2 is a 27V Zener diode and the supply
voltage across R4, D2 causes the Zener to conduct, holding
the base of TR3 at 27V. This, in turn, because of the voltage
drop across the base/emitter junction, produces approx-
imately 26.4V at the emitter and Vpp. At the same time,
green I.e.d. D3 is turned on, indicating that the 27V is pre-
sent at the base of TR3.

At standby, Vpp needs to be held at +5V and this is
provided from the edge connector supply by way of D4
simultaneously with the removal of the 26V level. TR 1 and
TR2 provide noiseless switching of the Vpp supply. When in
Program mode, red indicator I.e.d. D1 is turned on and the
base of TR1 is connected to the +5V rail through R2, turning
it hard on. This produces OV at its collector and the base of
TR2, turning TR2 off. Its collector is now at 27V, that
produced by the turning on of the Zener diode. As described
earlier approximately 26V reaches Vpp. In Read mode, the
+5V is removed, turning off the red I.e.d. and also TR 1. TR2
is now biased by R3 and turns hard on, its collector falling to
OV. This has the effect of shorting out D2 and pulling the
base of TR3 to ground potential. TR3 is turned off, as is the
green I.e.d. and oily +5V reaches Vpp through D4. For these
who might like extra indicator I.e.d.s, provision is made for
monitoring the 30V signal at BR 1 via R6 and yellow D5.

DPDT switch S1 is used to switch between Program and
Read modes. This switches off the +5V supply to the base of
TR1 and at the same time selects CB2 (User Port) for
Program mode or a RAM/ROM block (Expansion Port) for
Read mode to be connected to CE. Address lines AO -A11
are connected to the Expansion Port on the underside of the
double sided p.c.b. DO -D7 are also taken direct from the Ex-
pansion Port on the upper surface.

CONSTRUCTION
Construction is on a double -sided glass fibre p.c.b.,

measuring 11 x 14cm Holes are drilled in the following
sizes:

Transistors, Zener, 1N4148: 0.8mm
D.i.l. socket, I.e.d.s, resistors, capacitors: 1mm
Bridge rectifier, transformer, mains lead: 1.3mm
DPDT switch, holes to retain mains lead: 2mm

The board is uncomplicated as far as artwork is concer-
ned, and for those who wish to draw their own boards with
etch resist pen, it is suggested that holes are drilled first by
using a photo copy or tracing of the pattern taped to the
p.c.b. as a guide. The holes are then used as reference points
for drawing lines. The bar joining the edge connectors is
used in an electro-gold-plating process, but the thin lines are
useful as a guide for drawing the edge connector bars.
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V 8

Fig. 7.2. P.c.b. track -side pattern (actual size)

THE VIC 20 SERIES .. .

Part 1 (Oct. 83) Motherboard, 8K RAM, 8K ROM
expansions
Part 2 (Nov. 83) L.e.d.s & switches simulator
Part 3 (Dec. 83) 8 -channel low voltage output driver board
Part 4 (Jan. 84) Mains voltage output driver, control line
input interface
Part 5 (March 84) Two stepper motor drivers
Part 6 (April 84) ADC/DAC board
Part 7 (May 84) EPROM Programmer

It may interest constructors of the stepper motor interface to
know that the SDB520 i.c. is available from: Astrosyn (UK)
Ltd., Old Outhouse, New Rd., Chatham, Kent ME4
0634 815175.

The above, and the following are also sources of stepper
motors: Stewart of Reading, 110 Wykeham Rd., Reading,
Berkshire RG6 1PL. 0734 68041.

P.1

(11

:33m
00313

In all construction work where no p.c.b. holder is
available, it is advisable to start by mounting the lowest lying
components first, in this case resistors and diodes. Always fit
resistors with tolerance bands in the same direction. Ensure
polarity is correct with diodes, cathode being indicated by a
broad band for the Zener, D2 and by the coloured bands for
D4. Since the anode of D4 is used as a through the board
link it must be soldered on both sides of the board.

The screw holes on each side of the miniature DPDT
switch are not required, so they should be snipped off and
filed to make the board neater. It might be necessary to bend
the tags slightly, but a few types were examined and all were
0.15" pitch as provided on. the board. Care should be taken
with the I.e.d.s as they can be destroyed by very little
overheating. Do not insert beyond the lugs approximately i"
from the I.e.d. and use crocodile clips or a pliers as a heat -
sink on this section whilst soldering. The cathode of a I.e.d. is
mostly indicated by a flattened side. Provision is made for a
yellow I.e.d. as an indicator that the mains power is on. This
was omitted from the circuit diagram because it is likely that
it might be enclosed when shrouding the mains supply.

The long leads cut from the rectifier bridge make ideal
pins for linking pins 20 and 21 of the socket to the underside
of the board at the pads provided. A length can also be used
to connect pin 20 CE by S1 to the edge connector Block
selected. The programmer will use the lower 4K of a block,
but if an 8K or 16K RAM pack is in use there must be RAM
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Fig. 7.3. P.c.b. component -side pattern (actual size)

at BLOCK 1 for the BASIC program to use and for storage of
the data to be burnt into ROM. If most of the prograrr ming
functions are to be carried out in machine code, these
routines can reside in the onboard RAM. Capacitor C
provides smoothing at the power supply, and whilst it is

necessary to have an electrolytic with a working voltage of
50V to 63V, the capacitance value is not critical, 220µ being
a suitable minimum value. Two holes are provided at the
positive end because of varying shapes and sizes. For the
use of the programmer in schools, where mains supplies are
not allowed, batteries can be connected at points A, positive
and B, negative. Four PP3 batteries in series make a suitable
supply and these should last for years. Three PP3 are not
sufficient as the supply must be above the Zener voltage
(27V). If difficulty is experienced in buying PP3 connectors,
these can be made from expended batteries.

The mains supply must be shrouded at the transformer for
the safety of operator and equipment. Since it is necessary
to raise the rear end of the programmer to the height of the
mother board, a spacing block made from an audio cassette
case is ideal for starters.

Capacitors C2 and C3 are included for noise suppression
and may not be needed.

Connection of CB2 is to pin M on the User Port. The
author identified this with a marker and connected up with a
small croc-lead, insulated at the top side of one end with
tape.

COMPONENTS . . .

Resistors
Al
R2,R3
R4
R5,R6

470
47k (2 off)
2k2
4k7 (2 off)

Capacitors
Cl 220p 63V elect.
C2 "00n
C3 220n (see text)

Semiconductors
TR 1-3
BR1
D1
D2
D3
D4
D5

BC107 (3 off)
IA 50V rectifier stack
Fed I.e.d.(0.21
EZY88 2 7V Zener
Green I.e.d. (0.2")
1N4148 (or 914)
Yellow I e.d.10.2")

Miscellaneous
S 1 Miniature DPDT switch
24 -way i.c. socket
P.c.b. mounting transformer (RS 207-835)
Printed circuit board (or stripboard)
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Fig. 7.4. Component layout

TESTING
Carry out visual check for short or open circuits. Without

connecting the board to the computer, check that the 26V
supply is reaching pin 21 of the socket. This is done by ap-
plying +5V at edge connector segment 21 and OV at 22.
Vpp, pin 21 should now change from +5V to 26V as Switch
1 is changed from Read to Program.

Without the 25V supply and with the board inserted into
the expansion socket send alternating "high" and "low"
signals from CB2 (37147) to pin 20, CE. Note: CB2 is
mentioned because it produces an accurately timed square -
wave pulse. However, for initial tests, by entering POKE
37138,225 set DDR user port for outputs and alternating
I/O Register POKE37136,255 and POKE37136,0 an
ON/OFF signal can be sensed at any segment from C to L.

If BLOCK 3 has been selected and a Vicmon chip is
available, it should run from the programmer set to Read.
Otherwise a programmed 2532 or 2716 can be inserted

and Address and Data lines checked with the routine in
Table 7.1.

The decimal value of the data at each location is scrolled
up the screen. If contents of EPROM are known, this can be
verified. If no EPROM is available, test Address and Data
lines with a logic probe, analogue multimeter, or 'scope.

This completes tests that all functions necessary for
programming and reading EPROMs are working correctly.

This is also the completion of the series on Expanding the
Vic 20. The author wishes to thank all readers who have
taken an interest in the series and wishes them success in
their efforts at construction and application of the interfaces.
It has been a challenge, to design low cost interfaces of
original design that really work, and it is hoped that the
notes that accompanied each part have helped newcomers
to electronics, from computing, to understand a little of the
functional problems associated with interfacing. tit
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Fig. 7.6. Flowchart is a

guide to the software
required for EPROM

programming

xcx 41

RESET X

ADDRESS

ADDRESS I

Fig. 7.5. Flowchart is a guide to the software required
to check that an EPROM is fully erased

Table 7.1. 2532 or 2716 EPROM check routine

10 L 24576:REM Start address BLOCK 3
20 PRINT PEEK(L):REM Display decimal value at Start ad-

dress
30 L -L+ I:REM Move up to location 24577
40 GOTO 20:REM Repeat for consecutive addresses

NO
4

SN,TCH
TO PP3G
Jpp 7- 25i

( FIRST
ADDRE55

SOrKs PULSE
AT CE

TO PROGRAM

(
SWITCH
TO READ
Vpp .5V

VERIFY
EPROM

OK

YES

TEXAS Silent 700 printer. £180. Philips Power
supply E30. Nova 820 Computer. Tektronix
scope. Offers. Manuals. T. J. L. Haley, 8
Woodhall Gate, Pinner, Middx. Tel: 01-868
4221.
PRINTER Shinwah CP80 dot matrix with 3 rib-
bons. As new. £200. 01-941 0505. Ian Coram,
91 Rectory Grove, Hampton, Middx.
WANTED Nascom 2 unexpanded (if poss.) with
manuals. Would consider non working unit. R. B.
Carrier, 42 Lovelace Gardens, Southend-on-Sea,
Essex SS2 4NU. Tel: 0702 67881.
OSCILLOSCOPE Philips PM3230 D.B. £100.
Labgear teletext adapter £45. Write for detail.
Wanted micro -doctor. S. Webb, 50 Leaders Way,
Newmarket, Suffolk CBS ODP.

TYPE 19 set power unit A.T.U. Etc: R1155:
Quantity 2 anc 6 volt valves: Offers. Tel: Shef-
field (07421 53595. Mr. W. T. Baker, 41
Kenwood Park Road, Sheffield, S7 1 NE.
PHILIPS N1700 V.C.R., working and with
tapes. £75 o.n o. Tel: Poulton (02531 886141.
Mr. N. K. Basquill, 48 Whiteholne Drive,
Carleton, Poulton-le-Fylde, Lancashire FY6 7PP.
UK101, fully expanded, f55. 8" disc drive with
interface for above £220. Both together for
£225. Danny Fellows, 26 Westbourne Avenue,
Emsworth, Hants. P010 7QU. Tel: (024341
5548.
METRIX Wobbulator Type 210. Range 5-220
MHz: for i.f. alignment: switchable bandwidths
with CCTP data C35. W.H.Y. Mr. B. French, 162
St. Bernards Avenue, Louth, Lincolnshire LN 1 1

8BH.
APPLE II Europlus 2 Drives NEC 12" Monitor.
Basic Pascal Pilot Lisp Discs Excellent condition.
f850. P. G. Boud, 23 Cranebrook, Manor Road,
Twickenham, Middlesex. Tel: (89414429.

PE MAY 67 Sept. 83. 25 copies missing. Offers.
Buyer collects or pays carriage. J. Bowen,
Carlton House, Kirkby Malzeard, Ripon, North
Yorks. PG4 3RY. Tel: 0765 83 293.
APPROX. 170 valves. Many types. Some rare.
All new. S.a.e. for list. Offer required for lot. D. G.
F-rost, 107 High Street, Brampton, Huntingdon,
Cambs. Tel: Hunt. 56041.
WANTED Practical Wireless December 1977
and November 1978. Buy or borrow. All
reasonable expenses paid. F. J. Guppy, 51
Hedingham Road, Dagenham, Essex RM8 2NA.
-el: 01-593 0423.
9 IN monitor and UK 101 computer 8K Cegmon
manuals software f150 o.n.o. J. Anderson, 5
Clarence Road, West Croydon, Surrey. Tel: 01-
68920E3.
NEWBRAIN A with manuals and latest book
Getting more from your Newbrain-. Im-

maculate. £170 o.n.o. Allan Trainer, Hunters'
Moon, Riverside Drive, Esher, Surrey KTI 0 8PG.
Tel: Esher 63209.

Practical Electronics May 1984 41



SE
Cr)

T
TOM GAHM SAIlloosl AMIE

GAIN CONTROLLED PREAMPLIFIER (SL 6270C)

THE range of signal levels which can be ob-
tained from modern microphones is very

large indeed, varying from a few microvolts to
several hundred millivolts. The differences in
sensitivities of the microphones account for
some of this signal range, although for any
specific type of microphone the difference in
signal level produced by a whisper several
metres distant and a shout directly adjacent to
the microphone is vast; ratios of thousands to
one are typical. Because of the practical con-
straints of audio system design, we need to
provide the means to control the gain of
microphone amplifiers, such that the system
can be optimised for most circumstances in
which the microphone is likely to be used. The
majority of audio systems have manual
adjustment of microphone level, allowing the
owner or operator of the system to decide
on the optimum gain setting at any given
moment.

Some form of automatic control, on the
other hand, is an attractive concept in simpler
systems. While such an arrangement may lack
sufficient quality or sophistication for very
high fidelity audio, it is ideal for such applica-
tions as cassette recorders, public address
equipment, intercoms, etc. The Plessey SL
6270C gain controlled preamplifier
(sometimes known as a Voice Operated Gain
Adjusting Device, or VOGAD) is a very easy
and economic way to provide such an
automatic gain control facility. Fig. 2 shows a
block diagram of the i.c.

The pre -amp has a balanced low impedance
input, specifically designed to match low im-
pedance microphones with an impedance of
300 ohms (typically) or less. The microphone
MUST be a.c. coupled to the inputs, hence the
use of CI and C2. The output of the pream-
plifier is fed via an internal 680 ohm resistor,
and the external capacitor C3 (to ensure a.c.
coupling between stages), to an inverting main
amplifier, the output of which is fed to the
automatic gain control (AGC) detector. The
output of this, in turn, is fed back to the gain
controlling input of the pre -amp via an inter-
nal 2k resistor. Hence, if a large signal is
generated by the microphone, the AGC 'loop'
turns the gain of the pre -amp down, and if a
small signal is generated the AGC loop turns
the gain of the pre -amp up. As a result of the
constantly changing gain of the preamplifier,
the main amplifier output level tends to remain
constant.

AGC PARAMETERS
Normally, the i.c. will be required to res-

pond very quickly to large input signals,
decreasing the pre -amp gain to minimise
overload of the input stage. When the signal
from the microphone drops to a low level
again the AGC is allowed to increase the gain.
but only relatively slowly in case other large
signals are about to be generated. Without this

A G.C.
TIME CONSTANT E

PREAMP OUTPUT E
4 YE SUPPLY E

PREAMP IMPUTE

1pf141124 I

IDMAIN AMP OUTPUT

MAIN AMP INPUT

oy

PREAMP INPUT

SL 6270C

Fig. 1. Pinout and specification

Characteristic Nctes

Mini-
mum
Value

Typic-
ally

Maxi-
mum
Value Units

Supply Voltage (All spec's measured at +6V,
with input frequency =1 kHz)

,

4.5 6 10 V

Quiescent Current 5 10 mA
Temperature Range -30 +85 °C
Input Impedance Pin 4 or Pin 5 150 0
Input Impedance, total Differentially between pins 300 SI

4 & 5
Voltage Gain 72pV r.m.s. input to pin 4 40 52 dB
Output Level 4mV r.m.s. input to pin 4 55 90 140 mV, ,,,s

Distortion (t.h.d.) f 90mV r.m.s. input to pin 4 2 5 %
k 1 OmV r.m.s. input to pin 4 0.3 %

Load Impedance (Load of I/P of next stage) at
pin 8

1 .0 kf2

slow 'decay' the system can sound very un-
pleasant, with a 'sucking' or 'pumping' effect
on the audio signal as the gain is constantly
changed. The time taken to turn the gain down
after receipt of a large signal is known as the

--I0
LOW

IMPEDANCE
MICROPHONE

11.1141146

+VE SUPPLY

PRE -AMP 0/P

VE SUPPLY TO
REST Of I

41150 OHMS

11150

-1E-0
CS
100n

ACC

GAIN
CONTROL

/P

'attack' time, and is determined by the value of
C4. It approximates to:

Attack Time = 0.4ms per microfarad.
For a 47pF capacitor, this gives a 20ms at-
tack time. The 'decay' time is the time taken to

C3

680

MAIN AMP I/P

7°- -

OY SUPPLY TO
RE ST Or I. C.

1014

SL6270C
A G C

R1 C4

S MAIN AMP0 0/P

Ov

Fig. 2. Block diagram of the SL6270C
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Fig. 3. Graph showing input against output (unbalanced input)

turn the gain back up again after the input
signal level has dropped to its earlier level.
This is determined by the combination of R I
and C4. For 1 megohm and 47 microfarads
the decay is 20dB (a gain increase of x 10) per
second, which should suit most applications. If
required, the values of R 1 and C4 can be
altered to change these time constants.

Input signals of up to several tens of
microvolts are amplified normally by 52dB
(typically), as indicated in the specification of
Fig. 1. As the level increases the AGC action
gradually takes over, to eventually hold the
output at a nominal 90mV (for a 6V supply)
over an input range of over 50dB. Reducing
the main amplifier gain will reduce both the
dynamic range of the system and its sen-
sitivity. Connecting an external resistor bet-
ween pins 7 and 8 will reduce the gain; for a
I k resistor the reduction will be 20dB. Values
of external resistor less than 680 ohms are not
advisable. Full AGC action comes in at
around lmV for the standard circuit and 8mV
with the external I k resistor fitted. Fig. 3
shows a graph of input vs. output for the i.e.;
note that there is some compression of the
signal (i.e. the output variation is less than the
input variation) prior to full AGC action. This
also helps to keep the output signal reasonably
constant in level.

PRACTICAL CONSIDERATIONS
There are many factors which affect the

operation of this i.c. in practical systems. The
first of these is frequency response; the SL
6270C has an open loop response of several
megahertz, but it is normally intended for use
in speech bandwidth systems. The frequency
response is primarily defined by C3 and by a
capacitor connected between pins 7 and 8 (C7
in Fig. 4). With the circuitry shown, and the
values of 1 it and 4n7 for C3 and C7, the
bandwidth is approximately 240Hz to
3.4kHz. The values of C 1 and C2 can also
affect the frequency response, so these are
usually made quite large in value to ensure
that only C3 affects the lower frequency limit.

Although a wide range of supply voltages
can be tolerated, the supply itself must remain
constant in voltage during operation of the cir-
cuitry. The AGC circuit is dependent on the
supply voltage; change that voltage, and the
AGC will clamp the output at a different level
from the nominal 90mV specified at 6V sup-
ply. Hence, any ripple on the supply will
modulate the output, and could lead to in-
stability. Although the specification of Fig. I

paints a pessimistic view of the distortion
performance at higher input levels, the lower
levels will be the norm, where the distortion is
considerably less than 1%.

Finally, care must be taken with the inputs
to the i.c. These should normally be a.c.
coupled; if d.c. coupling is used the resistance
between pins 4 and 5 must be less than 10
ohms. The inputs are arranged differentially
to suit balanced microphones, although un-
balanced signals can also be accommodated.
Because of the low input impedance, crystal or
high impedance microphones are not suitable
for use wish this i.c. Microphones supplied
with many cheap cassette recorders, however,
can often be ideal.
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IMPEDANCE
MICROPHONE

R2
220

Cl
100p
25V

+8 5V SUPPLY
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1N4148
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1p-01
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1004(
25V

OV TO MICROPHONE
IF REQUIRED
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C4
4 7pT 25V

53
228
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Fig. 4. Circuit diagram of the Baby Alarm

APPLICATIONS CIRCUIT
The circuit diagram of a 'baby alarm' is

shown in Fig. 4; basically a one-way intercom
used to monitor a child in a distant room. IC1
is an SL 6270C set up as previously described.
Cl ensures stability by rolling off the gain of
the main amplifier of ICI at high frequencies.
DI, R2, C5, and C6 decouple the power sup-
ply to ICI. Without this, the power amplifier,
IC2, modulates the supply rail sufficiently to
cause instability in the system. R3 is included
to provide a small offset at pin 5 with respect
to pin 4, again helping to prevent internal in-
stability within IC I.

POWER AMP
1C2 is a simple power amplifier in a stan-

dard configuration. Note that the 'M' package
(i.e. TBA 820M) should be used, since the
TBA 820 has a different package type, incom-
patible with the given layout in Fig. 5. R6 and
C 14 provide bootstrapping, C13 provides
frequency compensation, C II reduces the ef-
fects of supply ripple, and C I5 decouples the
loudspeaker. C12 and R5 form a 'zobel'
network, which helps to ensure stability when
driving into reactive loads, and R4 sets the
gain of the power amplifier, decoupled by
C10. Finally, VR I controls the gain of the
system, and C9 decouples the power supply.

The circuit is designed to be powered by a
9V battery for safety and convenience, via D2
to protect against incorrect connection. Any
type of loudspeaker will suffice, although its
impedance should be at least 4 ohms, and
preferably 8 ohms or more. A OV feed for the
microphone is provided if required for screen-
ing, etc. The microphone should be connected
between the two inputs as shown, or between
one input and OV, in which case the unused in-
put should be taken via its input capacitor to
OV. (Never connect pin 4 or 5 directly to OV;
always use a capacitor.) No heatsinking is
normally required for IC2. In the interests of
stability, it is strongly urged that the layout
shown in Fig. 5 is closely adhered to. If the
circuit still oscillates, and it isn't because of
simple 'howlround' or acoustic feedback, try
increasing the values of C6 and C9, change
R2 to 330 ohms, and try a new battery in
place of the old one. Note that all capacitor
values are shown at 25 volt rating; in practice,
16 volt types are equally acceptable.
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Fig. 5. Veroboard layout for the Baby Maim

In use, the microphone is normally placed
in the child's room, and is connected via
screened cable to the unit in the required
room; usually this is a kitchen, lounge, or
parents' bedroom. The AGC action ensures
that the child can be clearly heard, whether he

or she is quietly complaining or shouting the
house down! If required, the unit can be
operated with the microphone local to the cir-
cuitry. and the speaker remote, although the
volume will have to be preset, of course.

The SL 6270C will find many uses in public

address, tape recording, and simple telecom-
munications projects. It can be obtained from
Watford Electronics, and the TBA 820M can
be obtained from Cricklewood Electronics
Ltd., 40 Cricklewood Broadway, London
NW2 3ET.

PE SPECIAL CASSETTES OFFER

CHROMIUM DIOXIDE
AUDIO CASSETTES

CHROME C60 & C90 FERRIC C90 AUDIO
CR02 C60 CASSETTES
90p each (minimum of 5); 80p each
(minimum of 25)
CRO2 C90 CASSETTES
115p each (minimum of 5); 105p each
(minimum of 25) POSTAGE.

These European -made tapes are excellent value and we are pleased to offer them to
readers. They are covered by a money back guarantee (return within 21 days for refund). Not
only are the tapes of high quality but the cassettes are of screw together construction and the
case labels have space for notes on the recordings.
Send valid coupon to:

Videotone Ltd., 98 Crofton Park Road, Crofton Park, London SE4.

p each (90p for 5 to 24. 1

C9OLH CASSETTES
56p each (minimum of 5): 53p each
(minimum of 25).

PRICES INCLUDE VAT AND

Please send me CR02 C60 Audio cassettes at
80p for 25 or more; including VAT and postage).

Please send me CR02 C90 Audio cassettes at p each (115p for 5 to 24,
105p for 25 or more; including VAT and postage).

Please send me C9OLH Audio tapes at p each. (56p for 5 to 24, 53p for
25 or more; including VAT & postage.)

I enclose cheque/PO for £ No

Name

Address

Coupon valid for posting before 4 May '84
L (or one month later for overseas readers).

EVERYDAY

ELECTRONICS
and computer PROJECTS

* MULTIPURPOSE INTERFACE
FOR COMPUTERS *

An easy -to -build, inexpensive add-on for
any micro equipped with an internal/ex-
ternal printer or user port (with ±5V
supply).
Provides eight independently con-
trollable power switches under software
management. Software examples for
controlling model train speed and direc-
tion, using the RM380Z and VIC-20
micros, are given.

* QUASI -STEREO ADAPTOR *
Add stereo effect to your television
sound with this low cost project.

* FUSE/DIODE CHECKER *
Simple and quick testing of fuses and
diodes. The use of touch plates allows
one hand operation. An I.e.d. display in-
dicates continuity and, in the case of
diodes, the cathode end.

* TIMER MODULE FOR CENTRAL
HEATING SYSTEMS *

Save on your fuel bills!

PLUS
AUDIO SINEWAVE SWEEP

GENERATOR
QUIZ MASTER II

APRIL ISSUE ON SALE-NOW!
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ET
Convergence was a fashionable catch -

phrase a few years ago. It foresaw a
coming together of discrete electronic
technologies to provide powerful integrated
systems. The most obvious outcome is In-
formation Technology (IT) which integrated
display technology, telecommunications
and data processing to spawn a whole new
sector of the electronics industry, of which
more later.

In the defence field a newly fashionable
in -phrase is Emerging Technology (ET)
which is viewed by some military experts
as a miracle alternative to theatre nuclear
weapons. It has always been accepted that
NATO forces would be outnumbered in
manpower, tanks, guns and aircraft in the
event of conflict. As a last resort to prevent
catastrophic defeat it would be necessary
to use tactical nuclear capability with the
consequent risk of escalation to full rather
than limited nuclear war.

It has also been argued that numerical
advantage of men and materials of the
potential enemy ought to some extent be
counterbalanced by higher efficiency and
technological superiority in one's own
forces. ET would stretch this notion to its
fullest extent. The brute force of the enemy
would be blunted by super -sophisticated
weapons of the conventional type.

It sounds good news for the industry. The
giants in the defence sector such as
Ferranti, GEC, Plessey and Racal together
with dozens of smaller companies all stand
to gain by a new impetus towards even
more advanced systems. Again we see con-
vergence, to integration in a single system
of sensors for target acquisition, data
processing for analysis, and terminal
guidance for liquidation of threat.

Much of the technology is already
available and is, in fact, in service. An ex-
ample is Thermal Observation and Gunnery
System (TOGS) being fitted to Britain's
Chieftain and Challenger tanks. TOGS
provides the ability to detect, track and
engage targets by day or night in any

weather without disclosing one's own posi-
tion. At longer range there are precision
guided munitions for artillery, and airborne
stand-off weapons with fire -and -forget ter-
minal guidance. Data processing is already
commonplace in all the armed services in
operational, logistical and administrative
duties.

In a sense ET has already emerged but
its supporters want it to emerge even
more. The danger could come from over -
sophistication and misplaced confidence in
reliablility. And while the push-button war
might be effective in large set -piece battles,
technical superiority was ineffective against
a peasant army in Vietnam, remains so in
Afghanistan and would be equally so in any
brush -fire conflicts involving infiltration,
fifth -column support and street fighting.

Whatever the military merits, ET is a

short-term political winner. If it led to a
nuclear freeze the anti-nuclear doves would
be mollified without damaging the morale
of the hawks. My own guess is that the
nuclear option will be maintained but not
expanded while ET will receive a modest
boost. But much will depend on the attitude
of the new leaders in the Soy et Union and
the result of the presidential election in the
United States.

IT
Whereas ET for defence is of relatively

low volume and very highly priced, the
reverse is true for IT where high volume
production and tumbling prices is now the
name of the game.

That the great publicity drive for IT has
been a staggering success is high -lighted in
the nominations for this year's TOBIE
Awards. The winners, chosen by ballot
among readers of Electronics Times, are to
be announced at the All Electronics Show
Dorchester Ball on May 2.

Acronym composers at Imperial College
must have had quite a struggle to arrive at
ALICE (Applicative Language Idealised
Computing Engine), an advanced computer
nominated in the 'Research Achievement'
category. Her distinctive feature is a high
degree of parallel, as distinct from serial,
processing to give very high operating
speeds. ALICE uses the Inmos transputer.

Competing against ALICE are Project
Universe, an expanded form of local area
networks and an array processor which
enables robots to 'see' what they are doing
and perform more intelligently.

These are just a sprinkling of the 21
TOBIE contestants but the general thrust is
clear. Every product or system is aimed at
higher speeds, lower costs, greater produc-
tivity. In short, the regeneration of British
industry or, from another viewpoint, a

further threat to jobs.
But the IT revolution does provide extra

work and more jobs. There is plenty of in-
vestment and new job opportunities in
Scotland's Silicon Glen and reports from
the United States suggest a strong black
market in some semiconductor devices.
Delivery times have lengthened from a few
days into months and some short -supply
items are said to be commanding as much

as 20 times their list value. Speculative
buying in the hope of big profit on re -sale is
suspected. Monolithic Memories is but one
firm with record order books who are
monitoring all incoming orders to deter-
mine whether speculators might be dis-
torting their usual projection of future de-
mand. But MM have concluded that order
growth is genuinely through demand.

Big Sister
Social conscience is a burden made even

heavier when, after a quick check, I

discovered that the Nexus home is nothing
less than sexist. The total number of male
plugs on my household and workshop
appliances outnumber the demure female
sockets with which they mate by over three
to one.

A ridiculous assertion, of course, but no
more silly than many calls for sexual
equality from the Equal Opportunities
Commission. In terms of numbers,
electronic equipment manufacturers have
always employed far more women than
men, albeit in repetitive assembly work. But
if we look in the R & D labs, at installation
and commissioning engineers, and at
management, males are predominant.

This year's WISE (Women in Science and
Ergineering) campaign hopes to get more
gills in at professional level. At present of
all our chartered engineers only one in a
hundred is female. Of the new generation of
engineering undergraduates at universities
only 8.6 percent are female, in polytechnics
only 3.2 percent.

Of course these figures cover all
engineering disciplines. In electronics there
is every reason to suppose that a better
ba ance will be achieved naturally. The
possibility of positive discrimination is
unhealthy and I feel sure that thinking
feminists would prefer employment by
merit rather than by quota. So it's really up
to the girls themselves. Electronics is a

'natural' for them, the opportunities are
there and they only need to work hard at it
to increase their numbers. Equal
opportunity has existed for years and a Big
Sister to force the issue is totally
unnecessary.

The Old and the New
Professor Eric Laithwaite, famous for his

work on magnetic levitation, has always
contended that nature is more skilled at
engineering than man. In fact he gets
much of his engineering inspiration from
the study of evolution, the continuous
refinement of living structures over millions
of years.

His example reminds us that we should
never dismiss or discard earlier work. For
instance the 'new' design of satellite
communications aerials now being installed
at Ealing and Medley don't use the
conventional geometry. Instead they use
the Gregorian, found to be more efficient in
smaller sizes of dish. The principle is exactly
that developed for an optical telescope by
James Gregory, a Scottish mathematician
who lived in the 17th century.
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Install your own
1301111 system and save

using built and
tested modules

A COMPLETE INTRUDER ALARM
EASILY ASSEMBLED ULTRASONIC UNIT COI 5063

negunes no installation Easily assembled using
oil Professes.Ily built and tested modules

..table range up to 25ft. GEM

timed Warm £}1 1°entrance Et exit delay

 - ,rated switch - Off. Test and Operate p,
in for en extension Speaker'

sell -contained
 Use, US 5063 PSL 1865 Key Switch 3901.

3 Speaker 3515

Now . ri x o t ir teeny effective int. uder alarm at this low price using tried and tested Risco^
modules Supplied with full instructions the kit contains everything necessary to provide an '

warning system for your house or flat Wth a built-in LED indicator and test position the unit is ea. .

op requiring no deltallediOA 11 may simply be placed on a cupboard or desk Movement within its roikii
II then cause the built-in siren to produce a penetrating 90dbs of Sound or even 110db s wile re

r.ditionai speaker All parts included and supplied with loll instructions for ease of assembly
. 200 . 180 ?Om, Clow- a. CK 5061

DIGITAL ULTRASONIC DETECTOR

US 5063

, &gains! false
alarmS

 C tystal control for greater stability
 Adjustable range up to 25ft
 Built-in delays
 I 2V operation
1 his advanced new module uses digital signal
processing to provide the highest level of
sensitivity whilst discriminating against potential
false alarm conditions The module has a built-in
exit delay and Timed alarm period together with a
selectable entrance delay plus many more

ULTRASONIC MODULE

US 4012

£10.95 4V A T
 Adjustable range from 5 .50
This popular low cost ulir,iwnc den" for is
already used in a Yoder range of applications f rom
intruder detectors to automatic light switches and
door opening equipment. featuring 2 LED
indicators for ease of setting up.

INFRA -RED SYSTEM

IR 1410 only En 61 -V AT

Consisting of seue in narismitter and receive,
both of which are housed in attractive moulded
cases the system provides an invisible
modulated beam over distances of up to 5011
operating a relay when the beam is broken
Intended for use in security systems. but also
deal lot photographic and measurement
applications Site 80 by 50 by 35mm

POWER SUPPLY Et RELAY UNIT
PS 4012
Provides ,let,IliS4,1 I25 output at 85mA and
contains a relay with 3 amp contacts. The unit iscontains

to operate with up to 2 ultrasonic units
or 1 infra -red unit IR 1470 Prise f 4 25  V AT.

SIREN MODULE SL 157
Produces a loud penetrating sliding tone which.
when coupled to a suitable horn speaker.
produces S P l s of 110dbs at 2 metres
Operating from 9-15V Pro. £2.15 a V.AT

51/2" HORN SPEAKER HS 588
This weatheoprool horn speaker provides
extremely high sound pressure levels 1110dbs
at 2 metres) when used with the CA 1250. PS
1865 or SL 157 Teo 94 95 +V AT.

3-POS. KEY SWITCH 3901
Single pole 3- pos key switch intended for use
with the CA 1 250 Peon E343 * V AT
Please SHOW 7 de for deli

ALARM CONTROL UNIT

CA 1250

Price E19.95  VAT
The heart 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 sing,.
magnetic switch on the front door
 Built-in electronic siren drives 2 loud speakers
 Provides exit and entrance delays together

with fixed alarm time
Etattery back-up with trickle charging twilit,
Operates With magnetic switches. Press.,

pads. ultrasonic or I.R units
Antotamper and panic facility
 Stabilised output voltage
2 operating modes full &awry antetampet

and panic facility
 Screw connections for ease of installation
 Separate relay contacts for external loads
 Tesi loop facility

SIREN ft POWER SUPPLY MODULE
PSI 1865

only
f9.96

+

A complete siren and power supply module w h ii
is capable of prowmog sound levels of 110db,
at 2 metres when used with a horn speaker Ii
addition. the unit provides/. stabilised 12V outpro
up to 10OrnA A switching relay is also included
so that the unit may be used in conjunction wrtl
the US 5063 to Irani a compiel.. alarm

HARDWARE KIT
HW 1250

only
f9 50
 VAT

This attractive case IS designed to house the
control unit CA 1250. together With the
appropriate LED indicators and key sync,
Supplied with the necessary mounting pillars and
Punched front panel. the unit is given
professional appearance by an adhesive sin
screened label Sue 200 by 180 by 7011,11

ULTRASONIC MODULE
ENCLOSURE

de
Only

f2 95
+

Suitable metal enclosure for housing an iiiitividua
ultrasonic module type US 5063 or US 4012
Supplied with the necessary mounting pillars ar al
screws etc. For US 5063 aver SC 5063. for
US 4012 order SC 4012

Add 15.- VAT to all prices
Add 50p po monopackg to all orded.
Units on destratin
Shop hours 9 00 to 5 30 p m
Closed Wednesday
Saturday 9 00 to 1 00 p m
SAE with all enquilies
Order by telephone or post

ceing
you. credit card tAl(L'

RISCOMP LIMITED
Dept PE11
21 Duke Street,
Princes Risborough,
Bucks. HP17 OAT
Princes Risborough (084 441 6326

NAME

ADDRESS

L

GLOUCESTER INDUSTRIAL

SALES & AUCTIONS LTD.
EASTINGTON INDUSTRIAL ESTATE,

NR. STONEHOUSE, GLOS.

(TEL 045 382 4118)

M5 MOTORWAY EXIT NO. 13

WILL SELL BY AUCTION

On Thesday, 17th April, 1984
3t 10.30 a.m. Prompt

APPROXIMATELY 400 LOTS

ELECTRONIC & ELECTRICAL COMPONENTS,
TEST EQUIPMENT, AND A LARGE AMOUNT OF

CABLE AND EQUIPMENT WIRE
MAINLY SURPLUS ITEMS FROM

LINOTYPE-PAUL LTD.,
RANK XEROX LTD. & DIGITAL EQUIPMENT LTD.

On view week prior (from Monday 9th April)
'rom 10 a.m. to 4 p.m.

and morning of sale
from 8.30 a.m.

CATALOGUES £1.00 EACH
from :he Auctioneers at above address

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

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

To:

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

I
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Copies of British Patents can be obtained from: The Patent Office, Sales, St. Mary Cray,
Orpington, Kent (£1.75); and copies of Foreign Patents can be obtained from The Science
Reference Library, 25 Southampton Buildings, London, WC2A 1AJ. (Prices on application.)

RF KEY -FINDER

European patent item 089667, from
Thomas William Nyiri of San Marino,
California is a quaint idea with interesting
possibilities. The idea is to track down lost
keys, purses and wallets by fitting them all
with a miniature receiver that produces an
audible or visible signal when triggered by a
transmitted search signal. Fig. 1 shows the
transmitter, which will usually be a hand-
held battery powered gadget like a TV
remote control. Chip 3 produces an r.f.
signal on either CB or model -control fre-
quencies. Encoder 4 chops the signal in a
pre -arranged code. When the first stage of
the receiver shown in Fig. 2 picks up a
signal of correct frequency it triggers f.e.t. 9
to switch battery power 10 into the rest of
the receiver. Decoder 12 distinguishes be-
tween random CB or model transmissions
and a wanted search signal. It outputs to
amplifier 13 and sound or light generator
14. The idea, of course, is to make the
receiver small enough to attach to
whatever it is you think you are going to
lose. By using different transmission fre-
quencies, or codes, one transmitter can
search independently for several lost ob-

Fig. 1
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jects. The patent is rather short on detail
but if the gadget could be made cheaply
and small enough it would undoubtedly sell
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to anyone who routinely loses their car keys
five minutes before they are due to leave
home.

WRIST -WATCH
THERMOMETER

A new British patent application
2118307 from the Citizen Watch Company
of Tokyo suggests that wrist -watches with
thermometers built-in may be the next con-
sumer gimmick. A combined watch and
thermometer can easily log temperature
over a pre-set period of time, storing
averages and maximum and minimum
values. The snag, say Citizen, is finding an
electrical element to measure temperature
that is cheap, accurate and reliable. Ther-
mocouples, for instance, are too expensive.
A thermistor, a resistor which changes
value with temperature, is cheap but dif-
ficult to use because the resistance
changes value exponentially. Complicated
circuits are needed to provide a linear
readout. Citizen, in this very lengthy and
detailed patent, explain how linearity may
be quite simply achieved by using the ther-
mistor to control the frequency of an os-
cillator circuit.

Fig. 1 shows a CR oscillator circuit, with
thermistor 1, capacitor 2, two CMOS inver-
ters 3 and 4 and CMOS NAND gate 5. A

P2

Fig. 1

control signal G is applied to input P1.
When signal G is low CR oscillator is
switched off. When signal G goes high, CR
oscillates to produce pulse signal F1 at
terminal P2 of frequency determined by
resistance R of thermistor 1. The tem-
perature value can be derived from the
pulse rate, but correction is needed to
compensate for the non-linear change of
resistance. Fig. 2 shows the circuit. The CR
oscillator of Fig. 1 is shown at 6, receiving
control signals G from circuit 7 and out-
putting oscillator pulses to frequency
divider circuit 8. The division ratio of circuit
8 is varied according to the cumulative
number of pulses counted at 10. Variations
in the ratio are set at 9 to compensate for
the exponential characteristic of the ther-
mistor. So the total pulse count at the end

of a fixed time interval is directly propor-
tional to temperature and is displayed
at 11.

Readout will usually be on an LCD which
also displays time. Citizen say that this cir-
cuit can be manufactured at "very low
cost" and with a memory it is possible to
arrange for ambient temperature to be
measured and memorized at a fixed time
each day, along with maxima and minima.
The temperature readings taken can also be
used to generate temperature compensa-
tion data for the clock circuits, to improve
time -keeping accuracy.
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TECHNOLOGY
UPDATE: SO SMDs

ARE TODAY'S ELECTRONIC
COMPONENTS LIKE THE
DINOSAUR TOO LARGE TO
SURVIVE?
IT IS common knowledge that all electronic components, no

matter what shape or size, have leads protruding from
them . . . isn't it? After all, how else can they be soldered to a
printed circuit board?

The answer to this question is investigated here, and it reveals
a direction in equipment manufacture which is not common
knowledge. A new technique is emerging; it's called SMA (Sur-
face Mounted Assembly), and with it grows an army of leadless
components called SMDs (Surface Mounted Devices). This
development was spawned by the electronics industry in the face
of fierce competition, and its urgent need to reduce assembly
costs. In fact, components as we know them today will not
allow further miniaturisation. Conventional devices represent a
dead end.

SURFACE MOUNTED DEVICES
Leadless, surface mounted capacitors and resistors, com-

monly (and confusingly) called "chips", consist of small rec-
tangular packages. These are of either plastic or ceramic
construction, and are metallised at each end. Diodes, although
they have a more recognisable body, also have metallised ends
instead of leads, and all these devices are soldered by their
metallised ends, directly to the top surface of the p.c.b.

SMDs have numerous advantages. They are smaller (allowing
typically twice the p.c.b. packing density of conventional com-
ponents), they are cheaper to use in end -product terms, and they
are more reliable. Also, the absence of wire leads eliminates
the radiating antenna effect that downgrades high frequency/
switching performances in conventional components.

A high-performance car radio might comprise well over 500
components, and with such numbers it is easy to see why the
SMD's high packing density and low profile appeals to forward -
looking equipment manufacturers. Circuit board assembly costs
can be as much as 50% lower than those for conventional "in-
serted" devices, so Mullard claims. The claim that SMDs are
very much more reliable is nothing to do with their fabrication
technology, but because they do not have to have leads or tags
added, and because no lead -bending or cropping takes place
during assembly-stages which frequently cause damage.

The Mullard SMD product line already covers some 80% of
all component types which, according to the company, account
for nearly all potential applications in the emerging digital era.

Who knows, in fifteen years' time, the hobbyist may need a
magnifying glass and tweezers to handle components; compo-
nents which it is already known, will be too small to accom-
modate printed values or colour codes. The development
engineer too, will be forced into modular applications, rather
than a breadboard approach to design. What else might the
hobbyist one day need? A pot of glue!

GLUE?
The "pick -and -place" machinery used in automated SMA has

to include a method of making the devices stay put until
soldered. For without leads passing through to the other side of
the p.c.b., these tiny devices would slide around during con-
veyance to the soldering station. The answer is glue. The pick -
and -place must first daub a spot of glue on the underside of each
component to be mounted, or drop a spot of glue on the p.c.b. it-
self. These special epoxy adhesives have been developed for
short cure time (the boards are passed through an oven prior to
soldering) and adequate viscosity.

SURFACE MOUNTED ASSEMBLY
At the heart of the pick -and -place assembly machine is the

"pipette". The Mullard system comprises a mechanical jaw for
clamping the component to be placed (the terms "place" and
"insert" have a sharp distinction now that leadless devices exist).
The pipette also incorporates a vacuum sensor which uses an
embodied microphone to verify the presence of the component
being handled.

These production machines are extremely fast, and may be
software or hardware controlled. Reliability is higher here too, it
is claimed. A run of 100,000 component placements before a
single error occurs is quoted by Mullard as typical, this being 10
p.p.m. as opposed to an often quoted error figure of 1000 p.p.m.

SMDs are supplied on reels of tape containing blister packs,
and partial standardisation is already achieved in this area.

Real-estate savings to the manufacturer are considerable, too.
SMA machinery occupies far less factory floor space.

Surface -mounting transistor
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TERMINOLOGY
Over the last three or four years these new phrases have crept

into the electronics press: "leadless chip carriers", "surface
mounted devices" and "SO" devices. The "SO" package for
i.c.s was defined by Philips (Mullard's parent company) back in
1967, and it then stood for "Swiss Outline", although the con-
temporary interpretation is "Small Outline".

At one time the surface mounted device and the leadless chip
carrier were envisaged as exclusively the same thing, but in prac-
tice it will be found that surface mounting i.c.s have tabs on
them for soldering. The same applies to transistors, although
passive components are without leads.

MULLARD
As the reader may have begun to suspect, Mullard has a

major involvement in this development. As the UK's largest
electronics component manufacturer, its activity in the area of
SMD and SMA equipment manufacture virtually represents
Europe's only horse in this race, in which Japan looks set for an
unassaiable lead (the Japanese are said to be producing 6 billion
surface mounted resistors a year). Whilst it is not too surprising
to learn that in Japan 40% of all electronic equipment already
makes use of the technology, nor that Europe is only just begin-
ning to look seriously at it, it is surprising to find reports that the
US is still further behind. Now, at least, a source of expertise and
hardware, from the devices themselves through to the automatic
placement machinery is, in the shape of Mullard Ltd., available
in Europe.

MCM Ill is a hardware -automatic placement machine ac-
commodating up to 12 placement heads. A typical handling
capacity is 200,000 component placements per hour.
Photograph courtesy of Mullard Ltd.

The unique pipettes of the Philips MCM range of automatic
SMD placement machines

These boards fulfil identical functions. Generally, SMDs re-
quire only a third of the board space needed by conventional
components. Photograph courtesy of Mullard Ltd. P.c.b.
drilling is entirely eliminated

44111FL'Re
4110 ft

Examples of Mullard range of SMDs, including "chip"
resistors, diodes, SOT package transistors, and i.c.s. All
these miniature "chip carrier"" outlines conform to inter-
national standards

A closer look at the SO transistors and diodes
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SOLDERING
One of the first questions to spring to mind when looking at a

board full of SMDs is, how are they production -soldered when
the connections, and the devices, are on the same side? The
assembled p.c.b.s shown to the press by Mullard were wave -
soldered in the conventional way, but of course the components,
it was explained, are designed to survive the wave of solder too.
An interesting, and obvious outcome of all this, is that a p.c.b.
can be double -sided in terms of both copper tracks and
components!

New techniques in wave -soldering have had to be developed
because, for example, the components tend to cast a "shadow"
in the wave, possibly leaving themselves unsoldered at one end.

COST FACTORS
It is all very well the electronics industry concentrating

progress on the integrated circuit; moving from MSI to LSI to
VLSI etc., but i.c.s apparently account for around only 5% of
the total equipment cost in current designs. Interconnect compo-
nents (approximately 30 passives for each i.c. on average), on
the other hand, are reported to account for nearly 25%. Mul-
lard's specialists point out that if the trend towards miniaturisa-
tion, lower cost and failure rate, remains focused on i.c.s, a
disproportionate cost relationship will soon arise.

It is obviously now necessary to develop the SMD, which, in-
cidentally, was originally devised by the hybrid manufacturing
industry for mounting on the surface of substrates, to rationalise
equipment costs in the future. Moreover, new products will
be possible only because of SMA-portable video equipment
already depends heavily on the technique.

FUTURE
The development is important to industry now, the hobbyist

later. But then, a glance through a late sixties copy of PE will
reveal life at the dawn of the i.c. Not that long ago really, and
today's hobbyist is not so far behind industry.

SMDs sprang from
the hybrid industry.
This is the IRDC1732
12 -bit hybrid resolver and
I nductosynTivi-to-digital converter (for digital representation
of angular or linear measurement). Photograph supplied
by Analog Devices Ltd.

These SO i.c.s, launched by Texas Instruments less than a
year ago, are shown compared to their d.i.l. counterparts.
They take up one-third of the board space, and are available
in alternative packages to many of TI's more popular i.c.s.
These SO packages started life at 1-6 times the cost of their
conventional alternatives, but may already be on a price
parity

Industry sources suggest that by next year one -quarter of all
equipment manufactured will contain SMDs. Another five years,
and this figure will be one-half, which represents around 100
billion SMDs worldwide.

MAPLIN Cassette System, 30W amplifier with
speakers, built but requires inter -board wiring.
Uncased. £80. P. Rains, 3 Warwick Close,
Knutsford, Cheshire WA16 8NA. Tel: (0565)
2959
SCOPE Gould 05245A 1OMH2 Dual trace har-
dly used. Probes instr. manual £130. Tel: 0202
886943/887240. R. Tarling, 35 High Street,
Wimborne, Dorset BH21 1 HR.
WANTED manual for Solatron Scope Model CD
1014.2. J. McMahon, 7 The Meade, Chorlton-
ville, Manchester M21 2EA. Tel: 1881)2714.
2X-81 16K RAM, Programs manuals and leads.
Open to offers. Tel: Egremont (0946) 821521.
Graeme Hodgson, 20 Chaucer Avenue, Orgill,
Egremont, Cumbria CA22 2H B.

AVO DA. 116 Digital Multimeter. Hardly used.
£65. o.n.o. Buyer collects. B.E. Hull, 21 Cour-
tenay Road, Wantage, Oxon. OX12 7DW. Tel:
Wantage 3372.
BUY: Acorn Atom disc pack or controller card.
Send details to: Tony Dale, 30 Cuffs Road.
Christchurch 6, New Zealand.
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.
HALL effect K/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
OB D.
HI-RES graphics board for use with UK101
wanted. Preferably the kind produced by CUA.
Hans-Petter Naas, 2450 Rena, Norway.
TELEQUIP 43 CRO with manual. Offers. 01-
977 1549. John Petherick, 41 Somerset Road,
Teddington, Middlesex TVV11 BRT.

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.

G.S.C. Function Generator. Mint Condition. £50.
Kamoden transistor tester HM350 6" x 3" scale.
£20. Joiner 105932) 216. P. A. Joiner, Glen
Suie, Lybster, Caithness.

MEMORIES eight 4116 15Ons 16K x 1

memories. Brand new, never used. Offers? Andy
Burgess, 14 Myot View, Fankerton, Denny. Tel:
032 482 2133.
28K VIC 20, 40/80 column card, machine code
monitor joystick. Lots of cassette games. Only
£250 o.n.o. Alan Van Winkelen, 51 Pound Lane,
Thorpe St. Andrew, Norwich NR7 OYN. Tel:
106031 35735.
WANTED cased twin 5k" disc drives c/w p.s.u.
interface and D.O.S. for Cegmon BAS.5,X.
UK 101. Mr. K. Cotterell, 153 Whiteladies Road.
Clifton, Bristol. Tel: Bristol 730785 (Evenings).
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THE ISAAC NEWTON
TELESCOPE

British astronomers are celebrating 'first
light' at the new observatory which is being
constructed on the island of La Palma, one of
the Canary Islands group. The Isaac Newton
2.5 metre telescope, currently the largest op-
tical telescope that Britain has, is now
operational, it is one of a trio of British
telescopes now being installed at La Palma;
they are being funded by the Science and
Engineering Research Council (SERC). These
telescopes form the core of a new Inter-
national Observatory. The official name for
the installation is the 'Oservatorio del Roque
de los Machachos.'

The Isaac Newton telescope was first in-
stalled at Herstmonceux, Sussex at the site of
the Royal Greenwich Observatory in the late
sixties. In the 1970's it was decided by the
SERC that the best place for the telescope
would be in the northern hemisphere and in
1979 entered into an international agreement
with Spain, the United Kingdom, Denmark
and Sweden to build telescopes on the Spanish
site at La Palma. As part of this agreement
Spain was to provide a road to the peak, staff
accommodation, power and telephone lines. In
return the Spanish astronomers are guaran-
teed 20 per cent of the observing time. Also to
share are the Dutch who are to have 20 per
cent of the time on the three British telescopes.
The Irish are also partners and would have 27
nights per year on the one metre telescope.

The two telescopes presently installed are
a 'one metre' and the Isaac Newton. The third
telescope is the William Herschel which has a
primary mirror diameter of 4.2 metres, the
mirror has just been completed at Grubb Par-
sons, the famous telescope manufacturers
based in Newcastle -on -Tyne. This will be

operational in 1986 on La Palma. There are
other telescopes at the observatory. The
Swedes have installed a 0.6 metre reflector
and a solar telescope. There is also an Anglo-

/ Danish transit circle for accurate star
positioning.

The new telescopes on La Palma will re-
establish the United Kingdom's leading role in
optical astronomy and so complement the
world -leading position it holds in most of the
major branches of astronomy. This applies
especially to radio, infra -red, X-ray and
theoretical research. For more than three cen-
turies now the Royal Greenwich Observatory
has been a centre of excellence in astronomical
research. Originally its purpose was to study

the position and apparent motion of the stars.
These observations were required to ascertain
the longitude on the Earth and Time measure-

;ment data.
\ Since the end of the last century activities

were widened to include astrophysics and
much ground has been covered since. Indeed
several volumes would be needed to give even
notes of the work done. It was the inevitable
expansion that finally led to the need for the
Isaac Newton telescope. The changing
emphasis finally led to the transfer of the
Royal Greenwich Observatory from the Ad-
miralty to the Science and Engineering
Research Council in 1965. Later the Obser-
vatory was transferred to Herstmonceux
Castle, Sussex. It has of course retained the
title of Royal Greenwich Observatory. This
extended the telescope facilities throughout
the whole of the astronomical community.

The results have been quite outstanding, the
extended facilities have helped to develop
some of the world's most sensitive detectors of
light for use on telescopes, providing a con-
tinuity of development that university research
departments cannot always maintain. Of the
contribution to astrophysics of course there
is a formidable record. In recent years
astrophysicists have become interested in ob-
jects which are very faint optically. Much of
this work has appeared in Spacewatch. Many
have been found by radio astronomy, satellites
and probes. Sometimes this is because the
scurces, such as quasars, are so far away or
because they are so faint, the optical
telescope constantly needs updating.

Of course most observations of very dim
objects have to be carried out using large
telescopes. Many of the observations have
been made with telescopes in the USA and in
Australia. An Anglo-Australian telescope is
based in New South Wales. There is still work
to be done by large earth -based telescopes but
they must be at suitable sites. The particular
demands that are determined by the nature of
the research must be observed if the results are
to be valid. In many cases satellites have con-
firmed the accuracy of data gathered on
Earth. With the aid of the sophisticated techni-
ques available to earth -based telescopes,
whose sensitivity has beeen enhanced thereby,
there is the benefit of extra -terrestrial back-up.

The 4.2 metre William Herschel telescope
was designed for La Palma. This telescope has
special light detectors which have been sup-
plied by the Royal Greenwich Observatory
and will ensure a sensitivity second to none.
This is one of the reasons that the SERC are
funding this project. The decision to make this
site available to all researchers, from
anywhere in the world, is the truly democratic
way of knowing more about our place in the
Universe.

It is to this end also that the new large infra-
red telescopes have been funded. These have
the Island of Hawaii as their site. The parent
organisation of the large infra -red instrument,
the Royal Observatory of Edinburgh, has
already shown its worth and has also
demonstrated how the techniques of remote
control can be such that the researcher does
not have to be present at the telescope site.
The control and remote viewing can be done
from the comfort of the home station. Much of
this has been described in detail in previous

issues of Spacewatch. The other telescope at
Hawaii is the 'millimetre -wave' telescope.
This will help to resolve the unexplored area
of the spectrum between infra -red and radio
wavelengths.

EXTRA -TERRESTRIAL
OBSERVATION

It is necessary to make proper reference to
the extra -terrestrial activity. The observations
from the Earth are complemented by instru-
ments above the atmosphere. This covers a
whole new field because the absorption by the
atmosphere is no longer an obstacle. The
SERC has supported the researchers in
universities. This has been put into effect at
Leicester University and University College,
London. These two have contributed very well
as pioneers in X-ray astronomy.

British astronomers have also a large stake
in satellites investigating the Universe in the
infra -red and ultra -violet. This was the IRAS
and the International Ultra -Violet Explorer.
The data from IRAS, which has now ceased
its mission, will take a decade to analyse.

On the interpretive side university
astronomers and researchers of the RGO and
the ROE are keeping the UK at the forefront
in theoretical astronomy especially cosmology
whici deals with galaxies, quasars within them
and more recently the black holes. So the new
International Observatory will take learning
into the next century.

THE WILLIAM HERSCHEL
TELESCOPE

Ibis was named after the Musician/
Astronomer. He was the remarkable man who
in 1781 discovered the planet Uranus. Of
course originally it was called Herschel, after
its discoverer. His skill as a telescope maker
was quite exceptional. The telescope that
bears his name in commemoration is very
much larger than those which he made. The
present telescope has a primary mirror which
is 4.2 metres in diameter. It is the third largest
in the world. So the man who should be called
the father of observational cosmology will be
honoured again in tribute by the users of this
instrument. The exceptional viewing site
together with the use of the most modern light
detectors will give this telescope the advantage
over others. Although its mirror is smaller
than those of the American or Russian
telescopes it will be able to see farther than
either.

The telescope itself, which was once the
only step between the observer and his target,
has to use intermediate apparatus for research
purposes. Again modern techniques dispense
with the human being and give the human a
more accurate picture of what is taking place.
This instrumentation is superior indeed to the
human. It does however furnish data which
enables the human to think with reliable
'known' information. So it is now possible to
determine a situation without the need to 'see'
directly. Fortunately it is possible to expound a
good deal about these techniques, they will be
explained more fully in a forthcoming issue of
Spacewatch.

Frank W. Hyde
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MICHAEL TOOLEY BA DAVID WHITFIELD MA MSc CEng MIEE

0 & A Level Part Eight
WE shall begin this month with a
practical example of the use of

J -K bistables and logic gates in the
form of a traffic lights simulator. For
simplicity we shall only concern our-
selves with the most basic form of
traffic lights once encountered at road
works, i.e. those which consist of two
lights only; red and green. This is a
system with which most of us are all
too familiar. Even so, it is worth
reminding ourselves of the sequence of
events in such a system.

Let us assume that the traffic lights
are labelled TL1 and TL2. The
sequence of operation of the lights
should follow the pattern:-

TL1 TL2
red red
red green
red red
green red
red red
etc. etc.

In fact there will be two lamps fitted
in each traffic light unit. If we refer
to these separately as TL1 (red),
TL1 (green), etc. and use a 1 to denote
'light on' and a 0 to denote 'light off',
we arrive at something which is more
akin to a truth table as shown in Table
8.1.

[(6.390i

Table 8.1. Truth table for the Traffic
Lights

TL1 TL2

RED REO GREENGREEN

1 0 1 0

0 1 1 0

1 0 1 0

1 0 0 1

1 0 I 0

etc etc etc etc

There are two things to note from
this: -

1. The red and green lamps in either
traffic light are always complementary.
Thus:

TL1 (red) = TL1 (green)
and

TL2(red) = TL2(green)
2. The sequence of operation con-

sists of four distinct states repeated
over and over again.

For the purpose of this example we
shall assume that each state occupies
the same time interval. In practice, and
dependent upon the traffic flow and
separation of the traffic lights, this may
not be the case. In any event, we shall
require a clock in order to define our
basic unit of time, i.e. the time interval
for any one of the states in the
sequence. The clock can take the form
of any one of the several circuits
previously described but, for con-
venience, we shall use the clock os-
cillator provided within the Logic Tutor.
This will give us a basic time interval
(clock period) of approximately 1

second: long enough for us to see
what is happening, but far shorter than
would be acceptable in practice!

The four logic states, corresponding
to those shown in the Table 8.1, can be
generated by two J -K bistables in con-
junction with some additional logic.
The J -K bistables operate as binary
dividers (as discussed in Part Seven),
and the additional logic is used to
decode the bistable outputs (Q and CI)

into the required logic 1 and logic 0
states to activate the four lamps:
TL1 (red), TL1 (green), TL2(red), and
TL2(green). The basic arrangement of
the logic control system is shown in
Fig. 8.1.

The four states produced by the two
bistables will follow the normal binary
counting sequence. If the bistable out-
puts are labelled Q1 (LSB) and Q2
(MSB) we arrive at the sequence:-

Q2 Q1

0 0
0 1

1 0
1 1

Combining this sequence with the
truth table which we saw earlier gives
the complete truth table shown in
Table 8.2. Here we have shown 'inputs'
from the simple binary counter and
*outputs' required from the decoding
logic. Now we are confronted with the
problem of what must go into the
decoding box

INPUTS TO
DECODER

OUTPUTS FROM DECODER

Q2 Qi ((RED) (GRrillN) (RED) (GREEN)

0 0 1 0 1 0

0 1 0 1 1 0

1 0 1 0 1 0

1 1 1 0 0 1

IEG,3911

Table 8.2. Complete truth table
TLI

RED

DECODING
HCLOCK

t)
GREEN

RED
LOGICBISTABLE5 t0

GREEN
1E613921 TL2

Fig. 8.1. Basic block schematic of the traffic light simulator
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ILI (GREEN)

III (RED)

TL2(GREEN)

TL2(RED)

Fig. 8.2. Logic arrangement of the traffic light simulator

CLOCK

Cat

02

Fig. 8.3. Improved version of Fig. 8.2

TL1 (GREEN) I

TL1 (RED)
o

TL2(GREEN)

TL2 (RED)

(Es 39S I

Tit( GREEN)

ILI (RED)

1'12(GREEN)

TUIRED)

Fig. 8.4. Timing diagram for the traffic light simulator

If we concentrate on the green
lamps only (remember that the red
lamps are always the opposite) we can
readily develop the Boolean expres-
sions from the truth table:-

TL1(green) = Q1 T2
and

TL2(green) = Q1 .Q2
The red lamps are simply the com-

plement of the above:-
TL1(red) = 01.7/

and
TL2(red) = 01.Q2

Again, concentrating on the green
lamps initially, TL2(green) can be
generated very easily by applying the
Q1 and Q2 outputs to an AND gate.

dual J -K bistable into socket A and the
7400 quad two -input NAND into
socket B. Carefully ensure that pin 1

aligns with socket 1 in each case. The
following links
connected:-

should then be

Al to clock (clock input)
A2 to A3
A3 to A16
A4 to +5V (supply)
A5 to A14 (01)
A6 to A7
A7 to Al2
A10 to B14 (I)
All to B2 (Q2)
Al2 to logic 1
A13 to OV (supply)
A14 to B1

A16 to logic 1
B1 to B15
B3 to 64
B4 to B5
B5 to D4 (TL2(red))
B6 to D3 (TL2(green))
B7 to OV (supply)
B10 to D1 ITL1(green))
B11 to D2 ITU (red))
B12 to B11
B13 to B12
B16 to +5V (supply)

For TL1 (green), however, we will re-
quire Q1 to be AND'ed with Q2. Hap-
pily, this is no great problem since our
J -K bistable provides us with a Zr out-
put' We can now, tentatively at least,
sketch out the logic arrangement of our
traffic lights controller, adding inverters
between the red and green outputs.
This arrangement is shown in Fig. 8.2.

Rather than use a mixture of AND
gates and inverters (which would re-
quire two integrated circuits in the
decoding section) we could just use
one quad two -input NAND i.c., as
shown in Fig. 8.3.

The circuit can now be assembled
on the Logic Tutor. Insert the 74730

Total of 24 links.
The keen student will doubtless wish

to further develop the simulator. The
following exercises are suggested: -

1. Incorporate extra gating so that a
red warning light is available to the
workmen which indicates that either
one of the traffic lights is showing
green.

2. Improve the operation of the
lights by increasing the period for
which a green light shows. Make this
equivalent to two clock cycles. (Hint: It
will be necessary to use a further 7473
J -K bistable).

3. Devise a system for controlling
three lamps in each traffic light obeying
the following sequence:

TL1 TL2
red green
red/amber amber
green red
ember red/amber
red green
etc. etc.

4. Devise an ar angement for con-
trolliig a 'Pelican' pedestrian crossing.
This type of crossing uses a conven-
tional three -lamp traffic light to control
vehicles and a two -lamp light to con-
trol pedestrians, with an audible output
during the period for which the
pedestrian light is a continuous green.

Practical Electronics May 1984 53



INTRUDER ALARM FOR THE
ELECTRONIC SHOP
(A practical design example)

As a 'grand finale' in the use of TTL,
we have included an example of the
design of a simple intruder alarm for
the electronic shop which we first met
in Part Two. This example has been
chosen so that it illustrates many of
the logic elements and techniques
previously discussed.

Let us imagine that the owner of the
shop requires an intruder alarm to
protect the premises during the hours
in which the shop is closed. The shop is
to be fitted with magnetic window and
door switches. For the purpose of this
example we will assume that only two
switches have been fitted, although in
practice it would be a fairly simple
matter to add as many additional
switches as required. The switches are
a type which open whenever the door
or window is open, and close whenever
the door or window is closed. These
"normally closed" switches can be
arranged to generate a 1 edge
whenever the respective door or
window is opened by means of the
arrangement shown in Fig. 8.5.

I

OPEN CLOSE

\SIL7
OUTPUT TO LOGIC CONTROL

BOX

OR WINDOW SWITCH
(NORMALLY CLOSED)

OV (LOGIC 0)
1:111333

Fig. 8.5. Method of generating a pulse
when a window or door is opened

The intruder alarm is to have a

control panel located just inside the
door (so that it remains visible from the
outside), and a keyswitch is to be
placed in the wall adjacent to the
door. The shopkeeper requires that a
warning light be incorporated in the
control panel to remind him that either
the door or the window has been left
open, thus enabling him to check the
state of the premises at the end of the
day before locking the door and setting
the alarm.

Once triggered by an intruder, the
alarm is to activate an audible warning
device which is to be repeatedly pulsed
on and off. For test purposes, when the
audible warning device is temporarily
disconnected, a further warning light is
to be incorporated into the control
panel to show that the alarm has been

DIGITAL ELECTRONICS
WINDOW
SWITCH

DOOR
SWITCH

LOGIC CONTROL BOX

(E4iti01

KEYSW ITCH

AUDIBLE WARNING DEVICE

Fig. 8.6. Essential components of the intruder alarm for the electronic shop

set off. The exterior keyswitch is used
to set the alarm to the active state and
to reset or disable it before entering the
premises. The switch is connected to
produce a logic 1 in the set/active
condition and logic 0 in the
reset/disabled position. The keyswitch
is to activate a further warning light so
that the shopkeeper is aware of the
state of the alarm before unlocking the
door.

The essential components of the
system are shown in Fig. 8.6. Having
established the operational features
and nature of the external components,
we shall now concentrate on the
contents of the logic control box. This
is where our experience in digital
electronics can really be put to the
test! In order to keep things simple we
shall follow the design process through
stage by stage and readers may wish
to use the Logic Tutor to verify each
section in turn. We shall start by
combining the logic outputs of the
window and door switches but, before
we do, it is a good idea to list the
functions of the various switches and
indicators that we will be using on the
Logic Tutor:

S1 window (logic 1 when
switch window open)

S2 door switch (logic 1 when door
open)

S3 alarm (logic 1 to set,
set/reset 0 to reset)

01 door/window
open

D2 alarm set
(active)

D3 alarm
triggered

The logic outputs from the window
and door switches, Si and S2 respec-
tively, need to be combined in an OR
gate in order to provide a logic 1 out-
put whenever either or both of them is
open. This could be carried out quite

simply using a single two -input OR
gate, as shown in Fig. 8.7.

Before making a final decision as to
which type of gate we should employ,
it is worth considering the require-
ments of the next stage in the logic
system. This would have to be a

WINDOW INPUT WINDOW/000R 0/P
TO LOGIC CONTROL

DOOR INPUT BOX

Iwo, I
Fig. 8.7. Method of combining window
and door open signals

bistable element simply because an es-
sential property of an intruder alarm is
that it "remembers" that it has been
triggered, providing a warning until
someone arrives to disable it. Almost
any type of bistable which has a

CLEAR or RESET input would be
suitable. We shall settle for a simple
7474 D -type. Remember that, with a
D -type bistable, data (in the form of a
logic 0 or logic 1) is transferred into the
bistable when there is a change of
state at the clock input. Such a change
can either be positive going (0--)1) or
negative going (1->0), depending
upon the internal logic of the bistable.
With the 7474 clocking occurs on a
rising clock edge, and thus a
transition is required from the previous
logic gate.

An OR gate produces a 0--->1 out-
put whenever either one of its inputs is
taken to logic 1. A NOR gate, on the
other hand, produces an opposite,
1->0, transition under similar cir-
cumstances. Thus the OR gate is to be
preferred.

Now we shall turn our attention to
the bistable stage itself. The state of
the Q output indicates whether, or not,
the alarm has been triggered and thus,
initially at least, the Q output should be
logic 0. To ensure that it is, we can use
the CLEAR input; this is simply connec-
ted directly to the keyswitch which
provides logic 0 to reset the alarm.
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(Note that the 7474 has a CLEAR input
which is "active low"). The DATA input
must be connected to logic 1 so that a
logic 1 will be transferred to the Q out-
put whenever a negative going clock
input appears (i.e. when a window or
door is opened).

The 'alarm set' indicator, D2, can
simply be connected to the output of
the keyswitch, S3, whilst the 'alarm
triggered' indicator, 03, is taken direc-
tly from the Q output of the bistable. In
a practical circuit, due to current sourc-
ing limitations, such an indicator
should be connected between the
positive supply and Q output. The Logic
Tutor's indicator diodes (D1 to D4) are,
however, already buffered and may be
used directly. The arrangement thus far
is shown in Fig. 8.8.

The final stage is to provide an
audible warning indication which is
capable of being pulsed on and off. On
the Logic Tutor we shall use a simple
piezoelectric transducer to simulate
such a device. Low power transducers,
particularly those which are p.c.b.
mounted, consume currents as low as
10mA or less from a nominal 5V sup-
ply, and may thus be connected direc-
tly to the output of a conventional TTL
gate. In this respect, they should be
treated in the same manner as an I.e.d.
load, i.e. connected from the +5V sup-
ply to the output of the gate. In a prac-
tical circuit, a buffer would be required
in order to sink sufficient current to ac-
tivate a high output alarm transducer.

At this point our design strategy can
be usefully changed so that we now
work backwards from the output to the
bistable stage. The transducer will be
connected between the output of the
final gate and the positive supply, thus
a logic 0 output from the gate will be
necessary in order to activate the
alarm. The final gate must therefore be
an inverting type (unless we use the Q
output 'rpm the bistable O. If the gate is
a two -input NAND, one input can be
taken from the Q output of the bistable
and the other can be supplied from a
simple Schmitt TTL oscillator of the
type which we met in Part Six. The
timing components (resistor and
capacitor) can be chosen so as to
produce an output at an appropriate
frequency in the range 1 Hz to 4Hz.

The final circuit of the intruder alarm
is shown in Fig. 8.9 and the relevant
timing diagram has been shown in Fig.
8.10. It must be stated that the alarm
does not provide all of the functions
which one might expect to be present
on a proprietary security system.
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Fig. 8.8. Intruder alarm bistable arrangement
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Fig. 8.9. Final circuit of the intruder alarm
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Fig. 8.10. Timing diagram for the intruder alarm

To simulate the complete intruder
alarm system, insert 7432, 7474,
7400 and 7414 i.c.s respectively in
sockets A, B, C and E of the Logic
Tutor. In each case check that the
device has been inserted with the usual
orientation, i.e. pin -1 to socket 1. The
following links are now required:

to S1 (window switch)
to S2 (door switch)

Al
A2
A3
A7
A16
B1

B2
B3

to B3
to OV (OV)
to +5V (positive supply)
to S3 (alarm set/reset)
to logic 1
to D1 (door/window open

indicator)

B4 to logic 1
B5 to D3 (alarm triggered

indicator)
B7 to OV (OV)
B16 to +5V (positive supply)
Cl to B5
C2 to E2
C3 to piezoelectric transducer (-ye)
C7 to OV (OV)
C1 6 to +5V (positive supply)
E 1 to E2 via 470 ohm resistor
E 1 to OV via 220µF capacitor
E7 to OV (OV)
E 1 6 to + 5V (positive supply)
S3 to D2 (alarm set indicator)
+5V to piezoelectric transducer (+ve)
(Total of 23 links)
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Readers may like to develop and ex-
tend the circuit incorporating some, or
all, of the following suggested
modifications:
1. Re -design the logic arrange-
ment in order to replace the OR
gate with the three unused
NAND gates.
2. Add an input from a pressure
sensitive mat to be placed
behind the door. Assume that the
mat has a 'normally open'
switch. One of the unused inver-

DIGITAL ELECTRONICS
ters may be useful here!
3. Add an extra switch (to be
located on the logic control
panel) which allows the alarm to
be tested without having to dis-
connect the audible warning
device. The switch is to be a
pushbutton type and should be
used in conjunction with the un-
used bistable.
4. Add an extra output to ac-
tivate an external alarm bell via a
relay. The alarm bell is to be

QUESTIONS

operated from a 12V battery
(also external) and is to continue
to operate in the event of an in-
truder gaining access to the
premises and cutting the alarm
bell connection to the control
box.

Although this is the final part of
our course, to complement the
series, we'll be looking at CMOS
devices next month and another
Digital Project, the Oscilloscope
Calibrator.

If you have any questions or queries you would like answered regarding our Digital Electronics series we would be
pleased to receive them at our Editorial offices. All questions must be related to the course and we will publish as
many questions and answers as possible. Also if you have any comments or observations about any part of the
course we would be pleased to receive them.

The address to write to is: Practical Electronics, Digital Electronics Questions, Westover House, West Quay
Road, Poole, Dorset BH 15 1JG.
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Multi -emitter transistor, 1.45
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FREE! READERS' ADVERTISEMENT SERVICE
PE

MICROTAN Dual Processor. 80 x 82 VDU 512
256 Eprom Programmer 20K ROM 24K RAM

cased. Full keyboard. f350 ono. Mr. M. A. A.
Lacey, 43 Mere Road, Erdington, Birmingham
B23 7LH. 021-384 1297.
BBC -B 1.20S £350. Acorn DFS f65. View
£40. LVL Dual 100K Slimline Drives £295. Of-
fers considered. Mr. A. P. Peters, 52 Grafton
Road, Selsey. W. Sussex P020 OJE. Selsey
10241604181.
VIC-20, Cassette, 3K super expander, cassettes
and cartridges, joystick and books £100. Phone
Sunbury -on Thames 86185. Mr. C. R. Callander,
48 Hawthorn Way, Shepperton. Middlesex
TW1 7 80D
MULTI -METER miselco mini 20 £5. Tel: 01-
451 3093. J. Anderson, 22 Landaw House,
Chatsworth Road, London NW2 4BW.
SCOPE Te'equipment D61 circuit wanted to buy
or borrow. Tel: 0744 81 7491 (Evenings).

RULES Maximum of 16 words plus address and,or phone no
i,,,ate advertisers only (trade, or business ads. can be placed in our
classified columns). Items reated to electronics only. No computer
software. PE cannot accept responsibility for the accuracy of ads. or
for any transaction arising between readers as a result of a free ad.
We reserve the right to reft.se advertisements Each ad must be
accompanied by a cut-out valid "date corner". Ads. will not appear
(or be returned) if these rules are broken.

VIC20 Tape Recorder 16K Switchable RAM
joystick. f 500 of software. Price £185. M. Reed,
27 Fernwood Green, Trentham, S-0 -T. Staffs.
Tel: 0782 332848.
TOP quality pnoto equipment Olympus/Tamron
swap computer, computer printer, monitor,
keyboard, AVO, W.H.Y. EET. Mr. Mel Saunders, 7
Drumcliff Road, Thurnby Lodge, Leicester LE5
2LH.
WANTED dual beam scope also consider other
test equipment W.H.Y. Please send details. S. W.
McNally. 25 Skye Park, Ballykeel 2, Ballymena.
PH, N. Ireland.
WANTED: Goodmans' Triaxion 12" Three ele-
ment speaker, preferably without cabinet
(postage!). M. Marks, 9 Highbury, Jesmond,
Newcastle -Upon -Tyne, NE2 3DX. Tel: 0632
612511 after 5.30 p.m.
WANTED 2 off the now defunct clock chip AY -
5 -1224A. Mr. D. Bishop. Phone Watford 27770
after 6 p.m.

WANTED faulty or damaged ZX Spectrum
Computer 16K or 48K. Keyboard must be OK. T.
Laban, 112 Avalon Road, Orpington, Kent BR6
9BA. Tel: Orpington 72546.
REGULATED P.S.U. Chassis 240VI/P 2 x 10y
1 AMP 0/P £12 ex equip. Tel: 0325 286542.
POINT contact and early junction transistors
warned. Good prices offered. Write for full
details Mr. Andrew Wylie. 18 Rue de Lausanne,
1201 Geneva. Switzerland.
KEITHLEY 130 Digital Multimeter. Very little
use. Mint condition with case, stand and leads
£50. o n.o. Mr. T. Pegg, 101 Constance Avenue,
Trentham, Staffs. Tel: 0782 643784.
FOR sale over 1000 components, caps, pots,
wire, batteries, resistors, highest offer gets it.
Paul Januarius. 28 Blagrove Lane. Wokingham,
Berkshire RG1 1 4BA. Tel: 786556.
WANTED Service Sheet for Jennings Univox
J.6. Particulars to: H. Haden, 28 Welch Hill
Street, Leigh, Lancs. WN7

Please publish the following small ad. FREE in the next available
issue. I am not a dealer in electronics or associated equipment. I

have read the rules. I enclose a cut-out valid date corner.

Signature Date
Please read the RULES then write your advertisement here ---
one word to each box. Add your name, address and/or phone no.
COUPON VALID FOR POSTING BEFORE 4 MAY 1984
(One month late for overseas readers.)
SEND TO: PE BAZAAR, PRACTICAL ELECTRONICS, WESTOVER
HOUSE, WEST QUAY ROAD, POOLE, DORSET BH 15 1JG.

Name & Address:

For readers who don't want to damage the issue send a photostat or a copy of the coupon (filled in of course) with a cut-out valid "date corner"
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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.

NEW LOGIC TESTER
Sir - I am a regular reader of Practical
Electronics and followed the early series of

articles on interfacing the Cornpukit with
great interest. One of the programs (UK
101 Logic Tester) given back in the
February '81 issue proved quite helpful in
getting to grips with the PIA. However,
after a while a number of shortcomings
became apparent, namely that it only polled
port A, and the rate at which it did this was
fairly low. The program enclosed solves
both problems in that it polls both ports,
and because it is in machine code, polls the
ports very rapidly and displays the inputs on
the screen.

The program, which operates under a
tegmon" monitor, fits neatly into page two
from 0236 and leaves seven free bytes
below the basic workspace. The program
once loaded into memory is run by typing
'0236G". The sequence of events is then:
the screen is cleared and the words 'PORT
A' and 'PORT 8" are displayed, the PIA is
then configured so that all of the lines are
set to input, next the input at port A is
stored and each bit displayed (as with the
basic program), the same is done for the in-
put at port B, then checks for 'CTRL C' and
'CTRL A' are made before looping back to
poll port A. By pressing 'CTRL C' the
program may be stopped, and by pressing
'CTRL A' the PIA may be reconfigured; this
may be useful if the reset button on the
decoding module had been pressed.

As the program uses a number of sub-
routines peculiar to regmon, it will not,
without modification, run under another
monitor. However, should anyone require a
fully portable version located at 0300
onwards, I would be pleased to send them
a copy of the listing. (via the editor of PE).

As an extra, altering the contents of loca-
tion 029F will change the rate at which the
ports are polled.

Joseph Arrowsmith,
London

CEGMON PIA LOGIC TESTER

0235 Store for port inputs.
0236 20 59 FE JSR FE59 Clear screen.
0239 A9 50 LDA 50 Put 'PORT A' and 'PORT B' on the screen.
023B 8D 12 D2 STA D212
023E 8D 92 D2 STA D292
0241 A9 4F LDA 4F
0243 8D D2 STA D213
0246 8D 93 D2 STA D293
0249 A9 52 LDA 52
024B 8D 14 D2 STA D214
024E 8D 94 D2 STA D294
0251 A9 54 LDA 54
0253 8D 15 D2 STA D215
0256 8D 95 D2 STA D295
0259 A9 41 LDA 41
025B 8D 17 D2 STA D217
025E A9 42 LDA 42
0260 8D 97 D2 STA D297
0263 A9 00 LDA 00
0265 8D 9D EF STA EF9D Access data direction register on port A.
0268 8D 9F EF STA EF9F Access data direction register on port B.
026B 8D 9C EF STA EF9C Set data direction for input on port A.
026E 8D 9E EF STA EF9E Set data direction for input on port B.
0271 A9 FF LDA FF
0273 8D 9D EF STA EF9D Code for peripheral register A.
0276 8D 9F EF STA EF9F Code for peripheral register B.
0279 A9 18 LDA 18 Alter subroutine to print up contents of port A.
027B 8D F 1 02 STA 02F1
027E 20 94 FB JSR FB94 Do 'CTRL C' check.
0281 AD 9C EF LDA EF9C Collect input on port A.
0284 8D 35 02 STA 0235 Store input at 0235.
0287 AO 10 LDY 10

0289 20 BF 02 JSR 02BF Go to subroutine to determine which bits are on.
028C A9 98 LDA 98 Alter subroutine to print up contents of port B.
028E 8D Fl 02 STA 02F1
0291 AO 10 LDY 10

0293 AD 9E EF LDA EF9E Collect input on port B.
0296 8D 35 02 STA 0235 Store input at 0235.
0299 20 BF 02 JSR 02BF Go to subroutine to determine which bits are on.
029C 98 TYA Transfer Y register to Accumulator.
029D 48 PHA Push Accumulator onto stack.
029E AO 08 LDY 08 Y register holds delay length.
02A0 20 El FC JSR FCEI Do `DELAY2'.
02A3 68 PLA Pull Accumulator off stack.
02A4 A8 TAY Transfer Accumulator to Y register.
02A5 A9 FE LDA FE Check for 'CTRL A', if not pressed IMP 0279,
02A7 8D 00 DF STA DFOO if pressed do JMP 0263 to reconfigure ports.
02AA 2C 00 DF BIT DFOO
02AD 70 OD BVS 02BC
02AF A9 FD LDA FD
02B I 8D 00 DF STA DFOO
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02134 2C 00 DF BIT
0267 70 03 BVS
02139 4C 63 02 1MP
02BC 4C 79 02 1MP
02BF 20 EB 02 JSR
02C2 6A ROR
02C3 20 EB 02 JSR
02C6 6A ROR
02C7 6A ROR
02C8 20 EB 02 JSR
02C B 6A ROR
02CC 6A ROR
02CD 6A ROR
02CE 20 EB 02 JSR
02D1 6A ROR
02D2 6A ROR
02D3 6A ROR
02D5 20 EB 02 JSR
02D8 2A ROL
02D9 2A ROL
02DA 2A ROL
02DB 2A ROL
02DC 20 EB 02 JSR
02DF 2A ROL
02E0 2A ROL
02E1 2A ROL
02E2 20 EB 02 JSR
02E5 2A ROL
02E6 2A ROL
02E7 20 EB 02 JSR
02EA 60 RTS
02EB 29 01 AND
02ED 18 CLC
02EE 69 30 ADC
02F0 99 18 D2 STA
02F3 88 DEY
02F4 88 DEY
02F5 AD 35 02 LDA
02F8 60 RTS
02F9 00 BRK
02FA 00 BRK

DFOO
02BC
0263
0279
02EB Display Bit 0.
A Move Bit I to Bit O.
02EB Display Bit 1.
A Move Bit 2 to Bit O.
A
02EB Display Bit 2.
A Move Bit 3 to Bit O.
A
A
02EB Display Bit 3.
A Move Bit 4 to Bit O.
A
A
02EB Display Bit 4.
A Move Bit 5 to Bit O.
A
A
A
02EB Display Bit 5.
A Move Bit 6 to Bit O.
A
A
02EB Display Bit 6.
A Move Bit 7 to Bit O.
A
02EB Display Bit 7.

Return to main program.
01 Mask off top 7 Bits.

30 Add ASCII character offset.
D218,Y Print to screen.

Point STA D218,Y to the next print location.

BASIC LISTING

10 DATA 32,89,254,169,80,141,18,210
20 DATA 141,146,210,169,79,141,19,210
30 DATA 141,147,210,169,82,141,20,210
40 DATA 141,148,210,169,84,141,21,210
50 DATA 141,149,210,169,65,141,23,210
60 DATA 169,66,141,151,210,169,0,141
70 DATA 157,239,141,159,239,141,156,239
80 DATA 141,158,239,169,255,141,157,239
90 DATA 141,159,239,169,24,141,241,2

100 DATA 32,148,251,173,156,239,141,53
110 DATA 2,160,16,32,191,2,169,152
120 DATA 141,241,2,160,16,173,158,239
130 DATA 141,53,2,32,191,2,152,72
140 DATA 160,8,32,225,252,104,168,169
150 DATA 254,141,0,223,44,0,23,112
160 DATA 13,169,253,141,0,223,44,0
170 DATA 223,1 I 2,3,76,99,2,76,121
180 DATA 2,32,235,2,106,32,235,2
190 DATA 106,106,32,235,2,106,106,106
200 DATA 32,235,2,106,106,106,106,32
210 DATA 235,2,42,42,42,42,32,235
220 DATA 2,42,42,42,32,235,2,42
230 DATA 42,32,235,2,96,41,1,24
240 DATA 105,48,153,24,210,136,136,173
250 DATA 53,2,96,0,0,0,0,0
260 FORX-566T0762:READA:POKEX,A:NEXT
270 POKE I 1,54:POKE12,2:X=USR(X)

0235 Collect input data from storage at 0235, and return to
main subroutine.

CONTROLS
I) To start the program enter the monitor and type "0236 G".
2) Pressing "CTRL C" at any time will cause a warm start.
3) Pressing "CTRL A" at any time will cause the PIA to be configured for input. This may be

used after the PIA has been reset.
4) The sampling rate may be changed by altering the value stored at location 029F. '00' gives a high

sample rate whereas 'FF' gives a slow rate.

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
relates 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.

OLD SYMBOL

LOGIC SYMBOLS
REPLACED BY

AND

NAND

AND

A/TH SCHMITT
TRIGGER INPUT

INVERTER

AND

WITH MORE TITAN
1 INPUTS ]Do

OLD SYMBOL REPLACED BY

OR

NOR

EXCLUSIVE OR

EXCLUSME NOR

OR

WITH MORE THAN
3 INPUTS

1D-
ID -
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Simple PSI,
STEPHEN IBBS

WHEN designing this power supply, I considered adding
over -voltage protection, various forms of current

limiting and alarms, but experience has shown that these
can be more trouble than they are worth. Thus the design of-
fered here has no embellishments, nor is it a revolutionary
design. What it does offer is a simple to build, relatively
cheap, simple to use power supply with some options open
for variation.

Over a period of time it was found that the voltage range
most used is 5 to 12 volts, with occasional drops to 2V to
test I.e.d.s. Current requirements rarely exceeded 1 amp, so
with these criteria in mind, various regulators were looked
at, and finally the LM317 was settled upon. I selected the
317K which is capable of delivering 1.5A, but the p.c.b. has
been designed to accommodate the 317M as an alternative,
which will give 500mA for readers who require a less
substantial power supply. The transformer can then be
down -rated. Both regulators have built-in fold -back current -
limiting and thermal protection.

A 12 volt transformer was used simply because I already
had one, but if constructors want to be able to draw 1 5V at
full current should be upgraded to
15V or 17.5V. By limiting the range of the power supply it
was possible to use two large clear meters to give voltage
and current readings without having to resort to switched
ranges etc.

HOW IT WORKS
The secondary a.c. voltage is bridge rectified by REC1 and

smoothed by C1. The resultant unregulated d.c. enters the
IN pin of the 317, with C2 and C4 included to aid the
stability of the regulator. The action of the i.c. is such that
the output pin produces a voltage 1.25V higher than that on
the ADJ pin, which is variable by means of the ratio between
R1 and VR1. The circuit as described so far has a ripple -
rejection factor of approx 65dB, but by adding a bypass
capacitor C3 and a protection diode D1, this can be in -

WITH SIMULTANEOUS
CURRENT AND VOLTAGE

METERING

creased to approx 80dB. D1 is needed to provide a dis-
charge path for Cl under output short-circuit conditions to
prevent the capacitor discharging back into the i.c. For those
readers who may be worried about the possibility of an input
short circuit condition, another diode, D2, can be included
to restrict the output to input reverse voltage. The d.c.
regulated voltage then goes via the meter and the switch to
the output terminals. A third socket for earth is also included.

CONSTRUCTION
It was decided for various reasons to use a Centurion case

(WX3) and the finished result looks extremely professional.
Once the case had been decided upon, the largest meters
possible were selected to make readings easy, and the
M L52 series fitted the bill perfectly.

Though few components are involved, it is recommended
that for ease of construction a p.c.b. be used, and a
suggested design is given in Fig. 2. A mains fuse is included
and for safety reasons should not be omitted. Insert the
components, including the i.c. if the 317M has been chosen
(metal tab to the edge of the p.c.b.). Otherwise insert three
Veropins for connection to the 317K, and Veropins for all
other connections. Mount the p.c.b. in the case (in such a
position that the 317M if used can be bolted via a mica
washer to the rear panel). The 317K should be mounted on
the rear panel, also with an insulating kit.

Theoretically a 2.2k potentiometer should produce a
voltage output from 1.25V to 12.5V, but variable pots of
this value are rare, 5k being much more common, so to
avoid a cramped first half and a useless second half of the
knob's travel, a 5.6k resistor is connected in parallel to make
the effective resistance 0-2.6k approximately. This was
then mounted, along with the other components on the front
panel, which had been drilled and cut to suit. Mount the
transformer, incorporating a solder tag for the earth wire,
and drill a hole in the rear panel for the strain -relief bush.
Next make all the necessary interconnections according to

444 J4ito#1
4140.77" -
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Fig. 1. Circuit diagram
51

OUTPUT

0 es

COMPONENTS .

Resistors
Fi 1 220 IW 5%
R2 5k6 (see text)

Capacitors
C1 4700p 25V elect.
C2 220n 25V tant.
C3, 4 10p 25V tant. (2 off)

Semiconductors
01102)
ICI

1N4002
LM3I7K or LM3 I 7M (see text)

Miscellaneous
Centurion case WX3
ML52 mete,. 0-15V , Ambit
ML52 meter 0-1A
BR1 SO4
Terminal posts: red, black, green
Fuseholder and fuse 250mA (20mm)
SPST toggle switch
Neon
Nuts, bolts etc.

Transformer
T1 0-12, 0-12V 25VA

Fig. 2. Printed circuit board (actual size)
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Fig. 3. Component layout
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Part of Rear Panel

Not to scale]

Fig. 4. Wiring diagram

Fig. 4 and use thicker than normal wire for the output
connections to avoid unnecessary voltage drops caused by
lead resistance. Take care with the mains connections,
particularly those to the neon as these can be easily
touched inadvertently. After a final check the case can be
bolted together and a useful piece of equipment added to
the workbench.

KMT
The unique new modular enclosure

Suitable for alarm systems, counters,
interfaces amplifiers, model control units
and many other projects

Easy to assemble - lust 10 screws

Easy on the pocket - house your projects
economically and professionally

For full size eurocards (100 x 160rnm)
mounted horizontally in the 35TE front
panel kit

Half size eurocards (100 x 80mm)
mounted vertically included as part of all
front panel kits (except 35TE), with
connector included

Hi -Style Desk Top Case
Designed to house keyboards and
displays on two 1,6mm silver anodised
aluminium panels The light brown case
is manufactured from high impact polys-
tyrene and has a textured finish

 Casing -High impact textured ABS

 Colour -Brown, front and base panels
1 6mm satin anodised aluminium

No Project Is Complete
Without The Right

Housing ...

Hand Held Box

This box is moulded in two sections and
has a textured finish The battery com-
partment accepts a PP3 or nickel cad-
mium stack 25 x 45mm long A circuit
board 56 x 105mm may be mounted on
three pillars in the base, location being
provided by a 3mm spigot The top
moulding will accept a circuit board 71
x107mm

 Material -Textured ABS
 Colour -Dark brown

Plastic Boxes
Type A
Plastic boxes consisting of a top and
bottom moulding with front and rear
aluminium panels. positively retained in
the two halves

ABS
Top and bottom moulding -High

 Colour -Light grey top dark grey base

 Front and rear panels Satin anodised
aluminium 1,6mm thick

Type B
Constructed of high impact polystyrene,
these handsome two -toned grey boxes
are suitable for wall mounting and free
standing instruments The two halves of
the box are held togethe- by screws
inserted from the base

 Material -High impact polystyrene

 Colour -Top light grey base dark grey

 Panels -Satin anodised aluminium

Send 50p for a copy of the catalogue with
details of the full range available

...Why dont
you choose
BICC-Vero Enclosures.
A complete range where
quality and economy are
combined.

BICC-VERO
ELECTRONICS
LIMITED
Retail Department,
Industrial Estate,
Chandlers Ford,
Hants S05 3ZR
Tel (04215)62829

BICC ye ro
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C /
Ingenuity
Unlimited

HE circuit is described in its simplest
I form in order to show how very easy it

is to construct a reliable alarm system for
your home, cr workshop, at almost negligi-
ble cost. Some commercial products are
cloaked in an air of mystery (particularly
with regard to the prices) and talk is of
infra -red, doppler and vibration detection
systems, but with scant reference to false
alarms, which seem to occur with increas-
ing frequency as the circuitry grows more
sophisticated.

My simple 'Intruder Alarm' (PE Mar 83
issue) was designed primarily for 'unatten-
ded' operation in boats and caravans, so a
time and re -set circuit had to be provided,
and although it could also be installed in
the home, a 'closed -loop' system gives
somewhat greater protection. The present
circuit employs the absolute minimum of
components and operates continuously
when triggered, but a suitable timer circuit
could be included to provide switch -off
after a few minutes if desired.

The unit can be constructed on a small
piece of stripboard and requires only two
components plus the relay. (Although it is
recommended that a small diode should be
connected across the relay coil to protect
the transistor from the back EMF's
generated during operation). From Fig. I it
will be seen that the transistor current will
close the relay contacts until the base is
connected to ground (shown dotted)

RI
47k

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.

INTRUDER ALARM

+125

whereupon conduction will cease. Nothing
more is therefore required to produce a
comprehensive and reliable system than
this elementary circuit, together with a
continuous loop shorting the base to
ground, which would cause the unit to
operate if it is broken at any point.

Consisting of a single wire fed around
the property, possibly tucked under the
edge of carpets, the loop is completed at
opening windows and doors by magnetic
latches, and by metal foil on the fixed
glass. This self-adhesive tape can be

arranged, for neatness, around the edge
rather than across the panes if preferred;
and some attention should be paid to the
routing of this wiring in order to keep the
total loop length as short as possible for
efficiency as well as for economic reasons.

The reed switches are of the 'normally -
open' type, whose contacts are held closed
by the magnets. If a window is forced
open, or the metallic tape torn by the glass
being broken, the loop will no longer be
complete and the relay will operate the
alarm.

Since the circuit in its dormant state
draws less than I milliamp, battery opera-
tion is perfectly acceptable, the 12V being
derived from 'AA' 1.5V pen cells in two 4 -
cell plastic holders, although the unit will
in many cases work quite successfully
from a 9V PP3.

The alarm itself is largely a matter of
choice and can range from a conveniently
sited doorbell, to a mains -operated gong
with, possibly, some of the house lights
switching on at the same time. A 'test' cir-
cuit is a useful addition and Fig. 2 shows
the switching arrangement with a mains
bell and neon indicator. A 3 -pole 3 -way
rotary switch is used providing 'Of, 'Test'
and 'Alarm' positions. Section S la is the
On/Off, S lb switches off mains, or con-
nects it to either the neon or bell and S lc
joins the external loop to the transistor

base in the 'Alarm' position. The Test
setting shows that both battery and mains
supplies are good and that the circuit is
operating correctly (since the loop is open -
circuit).

111

47k ALARM Slo +125

OFF

AC

1E4.461

The basis of operation-or rather, non-
operation-relies upon the transistor base
being firmly grounded, so it is important to
ensure that there are no poor connections
in the loop. lithe foil is damaged during in-
stallation, replace it. Magnetic switches,
window foil and all accessories for making
the loop are readily available from adver-
tisers and in many cases, these days, from
local shops. Special connectors for joining
the foil to the wiring are on the market, but
quite satisfactory use has been made of
standard strip -connectors, although
needing a little more patience. If a 4 -pole
switch wafer is used, the spare tags can be
connected in parallel with those of S lb so
as to increase the current capacity of the
switch if heavier loads are going to be used
in the alarm circuit.

P. E. Mackrell,
Lytham St Annes,

Lancashire.
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Are you bewildered by the choice of Soft-
ware Programs on the market?
Not sure what Program you really need,
what it does or where to get it?

soFTwaRe INDEX
Is your answer

The most comprehensive magazine listing of Soft-
ware programs for the eight leading Microcomputers.
 BBC  COMMODORE 64  DRAGON  VIC 20
 ORIC  ATARI 400/800  SPECTRUM  ZX81

Software Index takes the headache out of
choosing the programs suited to your Micro.
For people involved in electronics and
specialist programs, Software Index will
provide the information you need and be a
valuable time -saving guide.
Games, education, business and personal
managemert are also covered.

DON'T LET SOFTWARE GIVE YOU
A HARD TIME, GET THE USER

User GuideGtUoIDE

SOFTWARE-

User

MICROCOMPUTER

Microcomp
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<:7A/larshall's
A MARSHALL (LONDON) LTD

A. Marshall (London) Ltd.
Electronic Component Distributors

85 WEST REGENT STREET
GLASGOW G2 2AW

TELEPHONE: 041 332 4133

75p to callers, £1.00 post

1984 CATALOGUE
NOW OUT!

THE NEW MARSHALL'S 1984 CATALOGUE is now available - one of
the biggest and best catalogues ever produced by MARSHALL'S.
56 pages crammed from cover to cover with components, accessories
and testgear.
New products include I.D.C. Plugs & Sockets, 'D' Plugs & Sockets, DIL
Headers, Ribbon Cable, Kits, Toroidal Transformers, I.C.'s, Capacitors,
Test Probes, and lots more - something foo everyone.

TRADE, EXPORT, RETAIL AND MAIL ORDER SUPPLIED.

paid - U.K., £1.50 Europe, £2.00 rest of the world.

WHERE TO FIND US CALL IN AND SEE US MAIL ORDER TELEPHONE
NAlm 51

+72

WEST REGENTS 8:1 1111M

0
2

WEST GEORGE ST 411.

9-5 30 MON TO FRI
9-5.00 SAT
EXPRESS MAIL ORDERS
ACCESS/BARCLAYCARDS
WELCOME 41440-4RJAID

SAME DAY
SERVICE

P7sA

WE REGRET WE CANNOT
ANSWER MAIL ORDER/
STOCK ENQUIRIES
WITHOUT AN S.A.E.
SAME DAY SERVICE
TRADE AND EXPORT
ENQUIRIES WELCOME

MAIL ORDER
041-332-4133
SHOP AND STOCK
ENQUIRIES
041-332-4133
TELEX
261507 REF. 2194

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 offer a prototype service within 7 DAYS together
with a short lead time on quantity orders which can be programmed
to your requirements with no price penalty.

STEEL DISHED
WASHER

OUTER
INSULATION

SECONDARY
WINDING

INSULATION

PRIMARY
WINDING

CORE

END CAPS

NEOPRENE
WASHERS

'5 VA
62 x 34mm 035K5

Regu.aEon ICE)

SERIES SECONDARY ANS
No Wilts Current

ii010 66 i 2

0.011 9.9 083
0.012 12+12 063
0.013 15.15 050
0.014 18.18 042
0.015 22.22 034
0.016 75.25 0 30
0.017 30.30 025
(encased on ABS plastic)

30 VA
70 x 30mm 0.45Kg

Regulation 18%

1.010
1.011
ix012
1.013
1.014
1.015
1.016
1.017

6.6
9.9

12.12
15.15
18.18
22.22
25.25
30.30

2 50
1 66

25
1 00
0 83
0 68
0 60
0 50

50 VA
80 k 35mrn 0.9Kg

Regulation 13%

2.010 6.6 416
2.011 9.9 2 77
2.012 12+12 2 08
2.013 15.15 166
2.014 18.18 138
2.015 22.22 113
2,016 25+25 100
2.017 30.30 083
2.028 110 0 45
2.029 220 0 22
2.030 240 0 20

60 VA
90 x 30mrn 1Kg

Regulation 12%

3.010
3.011
3.012
3.013
3.014
3.015
3.016
3.017
3028
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
181
1 60

33
0 72
0 36
0 33

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

120 VA
90 x 40mm 1.2Kg

Regulation 11%

4.010
4.011
4.012
4.013
4.034
4.015
4.016
4.017
4.018
4.028
4.029
4.030

6.6 10 00
9.9 6 66

12.12 500
15.15 400
18.18 333
22.22 2 72
25.25 2 40
30.30 200
35.35 1 /1

110 1 09
220 0 54
240 0 50

160 VA
110 x 40mm 1 8Kg

Regulation 8%
9.9 889

11.12 666
15.15 533
18.18 444
22.72 3 63
25.25 3 20
30.30 266
35.35 228
40.40 200

110 145
220 0 72
240 0 66

6012
6.013
6.014
6.015
6.016 25.25 4 50
6.017 30.30 3 75
6.018 35.35 321
6.026 40.40 281
6.025 45.45 2 50
6.033 50.50 1 25
6.028 110 2 04
6.029 220 I 02
6.030 240 093

300 VA
110 x 50mM 2.6Kg

Regulation 6%
1.013 15.15 10 00
7.014 18.18 8 33
7.015 22.22 6 82
7.016 2525 6 00
7.011 30.30 5 00
7.018 35.35 428
7.026 40.40 375
7.025 45.45 333
7.033 5050 300
1.023 110 1 72
7.029 220 136
7,030 240 1 25

225 VA
110 45rrim 2 2Kg

Regulation 7%
12.12 938
15.15 750
18.18 625
22.22 5 11

500 VA
140 . 60trrn 4Kg

Regulation 4%

8.016 25.25 10 00
13.017 30.30 8 33
13.018 35.35 714
8.026 40.40 625
6.025 45.45 555
8.033 50.50 500
8.042 55.55 454
8.028 110 4 54
7.029 220 227
8.030 240 2 08

625 VA
140  75mrn 5Kg

Regulation 4%

9.017 30.30 10 4
9.019 35+35 892
9.026 40.40 781
9.025 45.45 694
9.033 50.5C 625
9,041 55.55 568
9.028 110 5 68
9.029 220 2 84
9.030 240 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.

P,CPS ,nclt.d.ng P&P and VAT

VA SiTe C VA Sire I
15 0 743 160 5 12.90
30 1 008 225 6 1630
50 2 10.10 300 7 18.55
80 3 10 81 500 8 2673

120 4 11.73 625 9 31.63

F or 110V primary insert "0" in place of "X" in type number.
rir 220V primary (Europe) insert "1" in piece of X" In type number.

For 240V ottmary :UK) insert "2') in place of "X" in type number
IMPORTANT. RegulatIon All voltages quoted we FULL LOAD.
Reese add regulation ligur 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.

VISA

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

ELECTRONICS LTO.



RECEIVERS AND COMPONENTS

TURN YOUR SURPLUS capacitors, transistors, etc. into cash.
Contact COLES HARDING & CO. 103 SOUTH BRINK.
WISBECH, CAMBS. TEL: 0945 584188. Immediate
settlement.

BOURNEMOUTW BOSCOMBE. Electronic components special-
ists for 33 years. FORRESTERS (NATIONAL RADIO
SUPPLIES). Late Holdenhurst Road. Now at 36. Ashley
Road, Bosambe. TeL 302204. Closed Weds.

Aircraft mounted 35mm camera. contains precision mirror,
lens, small 24V motor etc E10 + O p/p. 24V NI -Cad Battery
contains 20 v 04 A/H Cells new in marked box E7 + £2 p/p.
24V NI -Cad Battery Contains 20 v 0 Type cells, used
condition E10 + f3 p/p. Ex -Govt field telephones Type J12 +
C3 p/p. Pen type pocket radiation meter. no information but
new in box E2-50 + 50p p/p. Ex -Govt. Small Rugged Telephone
Handset with press to send switch for radiotelephone use
(used) E3 + 50p p/p. Phelps Fully enclosed Bench Transform-
ers apped at 6V. N. 8V. at 13A 03 + E2 p/p. Redifon Keyer
Converter (Tones/DC) 240V mains. No informanco At ti of t
Aeg R3 + E3 p/p. Ex -Govt Type A14 AT 1.1 tunes 2-8mhs into 8µ
or 16 whips. No information but new in box El7 + E3 p/p.
Handheld vidulent missile controller contains prismatic sight
Azimuth and elevation control No information £17 + CT p/p.
Large Aerial Variometer complete ceramic switch. Ex -Equip-
ment. Not cased No information E10 + E3 p/p. Ex -Govt light
weight durable headset No information but new.E3-50 + 50p
p/p. Pye Pocket Phone UHF recerver. Type PH used and
untested 1150 + 50p p/p. Wayne Kerr Pulse Generator. Type
CT500. Freg, Pulse width. delay and amplitude control 240 volt
marl Complete in transit case DV + f5 p/p. Tandberg
endless tape player Type 13/21 contains 5 Watt AF Amp, P/
Supply etc E7 + E3 p/p, Many items of Ex -Govt Equipment in
stock. Callers by appointment

AC ELECTRONIC SERVICES
17 APPLETON GROVE, LEEDS 1LS9

TEL 0532 496048

SMALL ADS
The prepaid rate for classified advertisements is 36
pence per word (minimum 12 words!, box number 60p
extra. Semi -display setting £12.00 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 5846).

NOTICE TO
READERS
Whilst prices of goods shown
in classified advertisements are
correct at the time of closing
for press, readers are advised to
check with the advertiser to
check both prices and
availability of goods before
ordering from non -current
issues of the magazine.

RECEIVERS AND COMPONENTS CONT

RESISTOR PACKS
FOR ALL PROJECTS

1 watt carbon film resistors 5% 1 ohm to 10M
E24 series. Packs of 10 each value (1690
resistors) £10.00. Your choice of quantities/
values 125 for £1.00. VAT and Post Free.

GORDON HALLETT
20 Bull Lane. Malden Newton,
Dorchester, Dorset DT2 OBQ.

BRAND NEW COMPONENTS BY RETURN
Electrolytic Capacitors 18V, 25V, 5011.
0 47, 1 0, 2 2, 4 7 & 10 Mfds - 5p.
22 & 47- Op. 100- 7p. 150V -11p1 220. -Bp. 150V -10p'.
470-11p. 140V -16p/. 1000/15V- 15p, 1000/25V -25p.
1000/45v -35p. 4200V /25V-
Subminiature bead Tantalum electrolytic&
0 1, 0 22. 1247, 1 0 @ 35V. 4 7 @ 6 3V - 14p
2 2/35V, 47/25V -16p 10/25V. 15/16V 20p.
22/16V. 33/10V. 47/6V. 68/3V S 100/3V 32p.
15/25V, 22/25V, 47/10V -35p. 47/16V- SOp.
Subminiature Ceramic Caps. 612 Santis t 00V.
2% 10 pf. to 47 pf -3p. 56 pf in 330 pl 4p.
10% 390 Pf to 4700 01 4p.
Vertical Mounting Ceramic Plat* Caps. 50V.
Er? 22 of to 1000 p1 E6 1500 p1 to 47000 pl 2p.
Polystyrene E12 Series 63V. Horizontal Mntg.
10 of to 820 p, -3p. 1000 p1 to 10.000 of 4p.
Miniature P 250V Vert. Mtg. Ell Series.
01 to 068-.4p. 1-5p. 15. 72-6p. 33. 47 10p.
68 -- 12p. 10 - 115p. 15 -- 22p. 2.2 - 24p.
Mylar (OW 1 Film 100V. Vertical Mounting.
001, 0022. 0047-3p. or. 022 4p. 04, 05, 01 5p.
High Stability Miniature Film Resistors 5%.
W E24 Series 0.51R - 10M0 - 1p.

1W E72 Seem IRO to 10M0 - lip.
WI Er? Series 10R to 10M0 - 5p.
:W metal film E12 Series lOR IMO 5 - 2p. 1%-E24 3p.
1N4148 -2p. 1N4002 -4p. 1N4006-69, 1N4007 7p.
BCI07i8/9-12p. BC147/8/9, BC157/8/9. BF195 & 7 10p.
8 Pin it's 741 Op. amp --18p. 555 Timer 24p.
Del Holders 8 pin -9p. 14 pin -12p. 16 pie- 14p,
LED's 3 & 5mm Red -10p. Green & Yellow -14p.
Grommets for 3n-irn -lip Grommets for 5mm--2p.
20mm 06 Fuses 15. 25. 5. 1. 2. 3 & 5A -5p.
20mm. Anti Surge 100mA to 50A -8p
20mm Fuseholders P.C.or Chassis Mtg -Sp.
Battery Snaps (pairs, PP3-Op. PP9-12p.
400mW Zener diodes (24 series 2V7 to 33V -8p.

Prices VAT trICluSive il (Free over 15.001

THE C.R. SUPPLY CO.
127, Chesterfield Rd., Sheffield S8 ORN.

S.A.E. ELECTRO, Mechanical catalogue of kits and hits. 200
quality components £2.25 inclusive. E.M.S., I5 Windmill
Gardens. Whixhall. Whitchurch, Shropshire.

GIM'S ALLOPHONE SPEECH
SYNTHESIS CHIP SP0256

AU suitable for use with must home computers
1 r- E7.00 1E8.65 inc. P&P - VAT)

25 £6.40 117.94 inc. P&P & VAT)
Data sheet supplied with each order.

Delivery by return on receipt of order.
Mr. P. Smith, SCS COMPONENTS,

Halifax Road, Keighley,
West Yorkshire. BD21 5HR.

AERIALS

AERIAL BOOSTERS
Next to the set fitting

SOH/SAW TV, gain about 20dbs. Tunable over the complete
UHF TV band PRICE E8.70.
BB-VHF/FM RADIO, gain about 14dbs, when on the oft
positron connects the aerial direct to the radio E7.70.
All Boosters we make work off a PP3/006p/6F22 type battery
or 8v to 113s DC P&P 30p PER ORDER.
ELECTRONIC MAILORDER, 62 Bridge St, Ramsbottom,

(Arms BLO SAG, Tel (070682) 3036
Access/Visa Cards Nelcome SAE Leaflets

SERVICE SHEETS

BELL'S TELEVISION SERVICES for SO, xx sheets on Radio, TV,
etc. 01.50 plus SAE. Colour TV Service Manuals on request.
SAE with enquiries to B.T.S.. 190 Kings Road. Harrogate, N.
Yorkshire. Tel. (0423) 55885.

BOOKS AND PUBLICATIONS

FULL SIZE SERVICE SHEETS f2 + L.S.A.E; CTV/MusC f3 +
L.S.A.E. Repair/cues almost any named TV/VCR £9.511.
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 Kings Reach Tower

Send to: Classified Advertisement Department

PRACTICAL ELECTRONICS
Classified Advertisement Dept., Room 2612,
King's Reach Tower, Stamford Street,
London S El 9LS. Telephone 01-261 5846
Rate:
36p per word, minimum 12 words. Box No, 60p extra.

Stamford Street. London SE 1 9LS 5/84
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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. RG1 IBR.

EDUCATIONAL

FULL-TIME
TRAINING
COURSES

15 MONTHS
B-TEC CERTIFICATE in
TELEVISION & VIDEO

SERVICING
15 MONTHS

B-TEC CERTIFICATE in
NATIONAL COMPUTING

TECHNOLOGY
9 MONTHS

B-TEC HIGHER CERT (HNC) in
COMPUTING TECHNOLOGY

& ROBOTICS
 PRINCIPLES OF ELECTRONICS
 TELEVISION (MONO/COLOUR)
 VIDEO CASSETTE RECORDERS &

CCTV
 COMPUTERS & MICROPROCESSORS
 INDUSTRIAL ROBOTICS

Short courses (from 6 weeks)
with previous electronics
knowledge.
Next course commencing
April 24th, Sept. 19th.
Prospectus from:

LONDON ELECTRONICS
COLLEGE

Dept: AA, 20 Penywern Road,
London SW5 9SU. Tel: 01-373 8721.

FOR SALE

SHEET METAL FOLDERS IN' x 18G. bench or vice held £38
Leaflet. 01-890 7838. 90 Granville Avenue. Feltham. Middx
TIA'13 4.1N.

COMPONENTS & EQUIPMENT - 1984 Catalogue 70p + 20p
P&P. Callers: Is Victoria Road, Tamworth. 369 Alumrock
Road, Birmingham. 103 Coventry Street. Kidderminster.
Express Marl Order Service. LIGHTNING ELECTRONICS.
P.O. Box 8. Tamworth, Staff,.

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 PE
60 Market St, Wigan WN1 1HX.
Telephone (0942) 42444

HOME SECURITY

MISCELLANEOUS

PROGRAMMED LOGIC SERVICES programme Eproms and other
programmable devices. Also erasing, testing, marking, manual
entry. PLS, Victoria House, London Road. Cheam, Surrey
SM3 SHY. Phone -644 8095

SUPERB INSTRUMENT CASES by Bazelli. manufactured from
PVC faced steel. Vast range. Competitive prices start at a low
£1.50. Punching facilities at very competitive prices. - Bazelli
(Dept 23). St Wilfreds, Foundry Lane. Halton. Lancaster
LA2 6LT.

BURGLAR ALARM EQUIPMENT. Ring Bradford (0274) 308920
for our Catalogue or call at ow large showrooms opposite
Odsal Stadium.

CLEARING LABORATORY. scopes, generators. P.S.U's. bridges.
analysers, meters, recorders. etc. 0403-76236.

PCB DESIGN AND LAYOUT. Manually taped artwork at com-
p.m,ir la h cs l.m es Gledhill. Tel. 01-674 8511.

PMAPRYSICS JOURNAL ( Russian translation); Psychotronics.
Kirlianography. Heliphonic Music. Telekenetics. Computer
Software. S.a.e. 4' x 9', PARAI.AB. Downton. Wiltshire.

SX200A ELECTRIC SIREN MODULE. Induces whooping tone
similar to American police cars. Output 5W/811. Supply 6-12 V.
Dimensions 50 x30 x 32mm (boxed). £423 inclusive.
MARTEX ELECTRONICS, 51 Kempton Grove. Fiddlers
Green Lane. Cheltenham. Glos.

THE SCIENTIFIC WIRE COMPANY
811 Forest Road. London E17 Telephone 01-531 1568

SWG
8 to 34

35 to 39

ENAMELLED COPPER WIRE
' lb 8 oz 4 oz
363 2.09 1.10
3.82 2.31 1.27

40 to 43 6.00 3.20 2.25
44 to 47 9.67 5.80 3.49
48 15.96 9.58 6.38

SILVER PLATED COPPER WIRE
14 to 30 9.09 5.20 2.93

TINNED COPPER WIRE
397 2.41 13914 to 30

Fluxcore
Solder 5.90 3.25 1.82 0.94

Prices include P&P VAT. Orders under E2 add 20p.
SAE for list of copper and resistance wire.

Dealer enquiries welcome.

2 oz
0.88
0.93
1.61
2.75
3.69

1.97

0.94

MAKE YOUR OWN PRINTED CIRCUITS
Altec Etch Resist Transfers - Starter pack 15 sheets),
lines, pads. I.C. pads: £2.80. 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 1A41 £2.50.
Photo -resist spray 1200 ml) E3.90 lo+p ESpl.
Drafting Film ;AA) 30p. Precision Grids 14.4) 65p.
20p stamp for lists and information. P&P 50p per
order plus extra where indicated. No VAT payable.

'.K.G. ELECTRONICS
OAK LODGE, TANSLEY, DERBYSHIRE

the
leadet
ola the
Packs

ona vaLuc ncova I vn roakt..na
, WATT CARBON FILM
1H -108M1 ten values. £5Total 720 resistors.
WA -T METAL FILM

1% 5Cppm 1011-1M11 E24 range. £25Total 360 resistors.

FREECATALOGUESent to every new customer

AC/DC COMPONENT PACKS
Pack

Qty Description Price
No

TF11 12 RED 5mm LED f1.00
TF12 30 500mz ZENERS 5% f1.00
TF13 100 IN4148 Diode f1.00
TF14 103 IN4151 Diode £1.00

TF15 50 1 amp Rect. Diodes in 4000
series f1.00

TF16 6 1 amp Bridge Rect. f1.00
TF17 100 Transistor pads £1.00

TF18 20 A/S Fuses 20mm f1.00
TF19 10 3A Rect. Diodes f1.00
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 DIL sockets £1.00

TF116 20 10mm Honz. Pre set
(10 values) £1.00

TF21 200 47pf 160v Polystone cap f2.00
TF22 10 LM 3900 N £2.00

TF23 10 Mixed DTL f2.00
TF24 5 4700 mf 25v Tag Elect

2"x1" f2.00
TF25 10 1000 mf 63v Ax Elect. E2.00

TF26 50 022 mf 400v RAO POLY £2.00

TF27 10 100mf 250v Ax £2.00

TF28 10 2.2mf 160v Polyester RAD E2.00

TF51 100 white/red 5mm LED £5.00

TF52 50 BC 108C £5.00

TF53 2 10,000mf 63v comp grade

TF54

elect.
i kg reel 22g ersin multicore

E5.00

solder f5.00

TF55 10 2N3055 HIRCA) E5.00

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 75p to total order.

AC/DC ELECTRONICS
COMPONENTS

DEPT P.E., 45 CHURCH STREET,
I4111111

Practical Electronics May 1984
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-.MICROSYNTH MASTER RHYTHM
PROGRAMMABLE DRUMS

1972
Using Patented electronic technique to give
advanced simulation of Piano Key Inertia.

tr.

r..7 : .z.1-,1 .
-

16MEidibeigria

1--o-1. -

ii !II
(As Published in P.E.)
2) Octave Music Synthesizer

--;- -,-,-L---i '

II 11111

with 2 Oscillators. 2 Sub-Octs.

As
Published
in P.E

Twenty -Four
Drum Machine
Eight sections

, `
ia a

.1-

Rhythm programmable
with twelve instruments.
are extended to 24/32

for

COMPONENT KITS
including Keyboard

88 NOTE £266
72 NOTE £234
The above may also be
purchased in four parts.

DOMESTIC KITS
inc. Cabinet, PA & Spkr

88 NOTE E442
72 NOTE E398

STAGE MODEL
inc. Cabinet & Stand

72 NOTE E383

.::. . ,,....

..=i
'-: a1 `al"*. izsikat; to, - .-

As Published in P E.
THREE PIECE BACKING BAND
Generates the sounds of three in -
strumentalosts to back Soloists
DRUMS + BASS + KEYBOARDS
Over 3,000 chord changes 160
scores) on t32 different chords --

to 200 scores Master
Rhythm also required.
FULL KIT E235
EXTENSION £82

Switched Routing and Thumbwheel. A comprehensive instru-
ment offering the full range of Synth. Music & effects
FULL KIT £137 Also available in 3 parts

measures two bar programming.s and instrument toneSequence operationextendable
adjust. COMPLETE KIT £79
STRING ENSEMBLE E198.50

ALL PRICES INC. VAT. CARR & TELEPHONE ADVICE.
S.A.E. for full Specs & MANF. PRICES. VISA -ACCESS -
AMERICAN EXPRESS. Competitive quotes can be

PERCUSSION MICROSYNTH ROTOR -CHORUS E.98.00 given for export. Allow 3-14 clays for normal despatch.

As Published in P.E.
Two Channel touch Sensitive unit plus variable angle
L.F.0,_phaser, internal and external triggering.
ELECTRONIC COMPONENT KIT £89

SQUARE FRONT KEYBOARDS
88 NOTE £60 49 NOTE £29
73 NOTE £50 30 NOTE £19
KEYSWITCH ITEMS ALSO AVAILABLE

CLEF PRODUCTS (ELECTRONICS) LIMITED
(Dept P E. 44A BRAMHALL LANE SOUTH

STOCKPORT CHESHIRE SK7
BRAMHALL

1AH TEL 061-439 3297

STORAGE CABINETS

Access/Barclaycard
welcome or
cheque/PO to -

Steel cabinets,
1T wide x 51- 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
2216
2208
2236

Drawers
16 x D

8 x E

30 x A, 4 x D, 2 X 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.

WORLD RADIO
T.V. HANDBOOK

1984 ed. Price: £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: £15.95

UNDERSTANDING ELECTRONIC SECURITY
SYSTEMS
by M D. LaMont Price: £2.30

UNDERSTANDING DIGITAL ELECTRONICS
by G McWhorter Price: E4.30

INTRODUCTION TO ELECTRONIC SPEECH
SYNTHESIS
by N., Sclater Price: moo

ELECTRONICS FOR HIGHER TEC
by S. A. Knight Price £10.00

DOMESTIC VIDEOCASSETTE RECORDERS
A SERVICING GUIDE
by S. Beeching Price: £15.50

SEMICONDUCTOR DATA BOOK
by A. M Ball Price: £7.50

* ALL PRICES INCLUDE POSTAGE *

THE MODERN
BOOK CO.
BRITAIN'S LARGEST STOCKIST

of British and American Technical Books

19-21 PRAED STREET
LONDON W2 1NP

Phone 01-402 9176 Closed Saturday 1 p.m.

Please allow 14 days for reply or delivery.

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 their requirements carriage paid
home.

INDEX TO
ADVERTISERS

A.C. Electronics 66
AD Electronics 67
AC/DC Electronics 67
Alcon 18

Audio Electronics 18

Avometers 16

Bensham Recordings 22
Bice Vero 62
Bimsales 22
Bi-Pak 7

Blackstar 22
British National Radio & Electronics School 9

Clef Products 68
Computonics 67
Cricklewood Cover 3
C.R. Supply Co. 66

Electronics Mail Order 66
Electrovalue 6

Carlo Gavazzi - Pantec 22
Global Specialties Corporation 5

Gloucester Industrial Sales & Auctions 46
Greenweld 6

Hallett, Gordon 66

ICS Intertext 4
ILP Electronics 65

London Electronics College 67

Maplin Cover 4
Ma rshalls 65
Millhill 68
Modern Book Co. 68

P.K.G. Electronics 67
Powertran Cover 2
Radio Component Specialists 68
Radio & TV Components 4

Riscomp 46
R.S.G.B. 33

S.C.S. Components 66
Scientific Wire Co. 67
Sparkrite 46
Swanley Electronics 6

Tandy 10

T.K. Electronics 8

Watford Electronics 2 & 3
Wersi Organs 9

BAKER LOUDSPEAKERS
Model Inches Ohms Watts Type Price Post
Maxir 12 4816 30 Hi f L16 f2
Superb 12 B-16 30 Hifi E26 E1
Woofer t2 8 80 Hi-Fr/Woofer C25 E2

Audimourn 15 0t6 60 Hi-fi/Woofer C37 C2

Group 45 12 4-816 45 PA Disco C16 C2

DG 75 12 4-816 75 PA Disco C20 C2

Group 100 12 816 100 PA Disc. [26 C2

Disco 100 12 8 16 100 PA Disco [26 E2

Group 100 15 8.16 100 PA Disco £35 E2

Disco 100 15 8-16 100 PA Disco £35 C2

Goodmans 15 8 250 PA Disco [72 [4
Goodmans 18 8 230 PA Dram 194 C4

P.A.CABINETS lernply1 Single 12 Ind Double 12 E36. cart CIO
WITH SPEAKERS 60W EIS: 75W ESC; 90W OW 150W NO.
HORNBOX ES 200 Watt E30. 300 Watt E35 post Ed
BAKER AMPLIFIERS All Transistor post moo
now. 4 mows. 240v AC and 12v DC 8 ohm . 100v hoe E89.00
150, 4 inputs. mains, all purpose miser amplifier E99.00
i 50w. 8 inputs, mains PA mike mixer amplifier £126.00
190  150w stereo slave amplifier 300W mono £125.00

DISCO CONSOLE Twin Decks, miner pre amp EI05. Carr C12
COMPLETE DISCO 150 watt £330' 300 wan £399. Carr C30.
GENERAL PURPOSE LOW VOLTAGE MAINS TRANSFORMERS
Tapped outputs available
2 amp 3. 4. 5. 6, 8, 9. 10, 12. 15. 18, 25 and 30V

Price Post
E6 00 12

1 amp 6. 8, 10, 12, 16. 18. 20. 24, 30. 36, 40 48 60 £6.00 12
2 amp 6, 8, 10. 12, 16, 18, 20. 24, 30, 36, 40. 48. 60 EIO SO C2

3 amp 6. 8, 10. 12. 16, 18, 20, 24, 30, 36. 40. 48. 60 £12.50 [2
5 amp 6, 8. 10, 12. 16. 18, 20, 24, 30, 36. 40. 48 60 E15 00 17
5-8-10-16V l amp E2.50 fl 15-0-15V 1 amp 04.0011
6V l amp E2 00 fl 15-0-15V 2 amps ES 00 Cl
6 06V 11 amp £3.50 II 16V 2 amps E4 00 11
9V 250ma 01 50 C1 20 1 amp E4.00 ft
9V 3 amps E4.00 11 0 12-27V 1 amps ES 00 1:1
90-0V 50 ma Et 50 11 200200.1 amp E3 50 11
9-0-9V. 1 amp DSO fl 20-40600 1 amp £3.5012
10410V. 7 amps Ed 00 CI 25-0.25V 1 amps ESSO 11
10.30-40 2 amps 0550 11 28V 1 amp Twice E7.00 12
12V. 300 ma E2.00 f 1 30. 1; amp E5.00 11
12V. 750 ma E2 SO CI 30 5 amp and
12V. 3 amps £4.50 El 17417 2a £4.5012
124120 2 amps £4 .50 f1 350 2 1..,115 L49gf1
ALUMINIUM CHASSIS 6  4 41.75; 8.6-12.20; 10x7-£2.75.
12 x13 -E3 20. 14 .9-13.60; 16 06-12.50; 16 x1043.110.
12 x3-132 20. 14.3-41.50.2iin odes 18 4.9.
ALUMINIUM PANELS. 604-55p, 0.6.-SOp; t4.3 -90p;
10,041 15, 12 .8-4130: 12.5-90p; 16.6-41.30. 14.9-41.75.
12 .12 -fl 80. 16 010-12 10 ANGLE ALl 601x6n.-30p.
ALUMINIUM BOXES. 4 .4 .11 £120; 4.21.2 11.20:
3.2.1 £120:6.4'2(I90. 7.5.3 £2.90; 8.6.3 D.
10.7.3 E3 60, 12.5.3 C3 SO; I2x8x3E4.30.
BLACK PLASTIC BOX with Ali fascia 61,31-x2" 1130
HIGH VOLTAGE ELECTROLYTICS

2/350V 35p B. 8/5000 £1.00
125/500 £200

16. 16.16/275V 50p
4/350V 35p 8.16/450 75p 100.100/275V 50p

20/500V 7Sp 16.16/350 75p 150.200/275V SOp
32/3500 SOp 32.32/350 76p 32.32.16/350 76p
32/500V 95p
15m500 450

20.20/350 7Sp
50.50/300V 50p

32.32.32,325V
32.32  32.4500

SOp
95p

9 volt 400ma Battery Elliminator ES post El

RADIO COMPONENT SPECIALISTS
Dept 3. 337, WHITEHORSE ROAD CROYDON

SURREY, U.K.Tel 01-6841665
Post (hri Minimum Callers Welcome

Lrsts 32p Same day despatch Closed Wed VISA

Published on approximately the 7th of each month by IPC Magazines Limited, Westover House. West Quay Road, Poole, Dor. et BH 5 11G. Printed in England by Chapel River Press. Andover,
Hants. sole Agents for Australia and New Zealand - Gordo n and Gotch (Asia) Ltd.; South Africa - Central News Agency Ltd Subscriptions INLAND £13and OVERSEAS f 14 payable to IPC
Magazines Ltd., "Practical Electronics" Subscription Department, Room 2816. King's Reach Tower, 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
the recommended selling price shown on the cover, and that it shall not he lent, resold, hired out or otherwise disposed of in a mutilated condition 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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mapun Massive range of components
for your hobby....insist on Maplin quality!

_ MAPLIN'S TOP TWENTY KITS
THIS LAST

MONTH DESCRIPTION OF KIT
ORDER KIT DETAILS IN
CODE PRICE PROJECT BOOK

1. (11 *75W Mosfet Amp Module LW51F £12.95 Best of E&MM
2. (3)  Modem LW99H £44.95 5 XAO5F

Case also available: YK62S Price (9.95.
3. 15)  ZX81 I 0 Port LW76H £9.25 4 XAO4E
4. (41 *Car Burglar Alarm LW78K £6.95 4 XAO4E
5. (8) Partylite LW93B £9.45 Best of E&MM
6. 121  Keyboard for ZX81 LW72P £23.95 3 XAO3D

Case also available: XG17T £4.95. Complete ready -built : XG22Y (32.50
7. 1101  8W Amp Module LW36P £4.45 Catalogue
8. (14)  VIC20/64 RS232 Interface LK11M £9.45 7 XAO7H
9. (7) s Syntom Drum Synthesiser LW86T £11.95 Best of E&MM

10. (121  Harmony Generator LW91Y £17.95 Best of E&MM
11. (171  Spectrum RS232 Interface LK21X £17.95 8 XAO8J
12. 161  VIC20 Speech Synthesiser LKOOA £22.95 6 XAO6G
13. 113) * ZX81 Sounds Generator LW96E £10.95 5 XAO5F
14. (11)  Ultrasonic Intruder Detctor LW83E £10.95 4 XAO4E
15. 1151 0 Logic Probe LK13P £9.95 8 XAO8J
16. (26)  Car Battery Monitor LK42V £6.25 Best of E&MM
17. (181  Hexadrum LW85G £19.95 Best of E&MM
18. (211  Synwave Sounds Synth LW87U £10.95 Best of E&MM
19. (251  Spectrum Keyboard LK29G £28.50 9 XA09K

Also required: LK30H £6.50; Case: XG35Q £4.95 - Total (39.95.
Also available complete ready -built: XG36P £44.95.

20. (9)  ZX81 Speech Synthesiser LKO1B' £16.95 6 XAO6G
Over 80 other kits also available. All kits supplied with instructions.
The descriptions above are necessarily short. Please ensure you know
exactly what the kit is and what it comprises before ordering, by checking the
appropriate Project Book mentioned in the list above.

fofik,914.
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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.

MAPLLN MAPLIN
ppg PROSIXTS PROICE7s

, 1

1111 b#440.411

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 8 (XAO8J) Modem (RS232)
Interface for Dragon 32 & Spectrum 
Synchime  I/O 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 ,o 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 £1.

r
Post this coupon now for your copy of the 1984
catalogue. Price Et 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

P f

ami
Despatch by return of post where goods evadable

maw rn 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. Te,: 01-748-0926.  8 Oxford Road, Manchester. Tel: 061-
236-0281.  Lylton Square, Perry Barr. Birmingham. Tel: 021-35E-
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).






