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You should see Ambit's new Autumn Catalogue...

OiP2) 1E0
11717022.

Another milestone in
component supply...
If you've been wondering
just what's been going on
at Ambit lately, we are
now taking the wraps off
the most advanced and
imaginative concept in
component, tool, and
information distribution
since we launched
WR&E last year.

We have included new
items and information to
plug a few gaps, and we
are just starting to
implement a new
interactive computerised
system of service and
information that
simply cannot be
overlooked by anyone
interested in the
communications,
electronics, video and
computing business.

* Price on the page
*24 Hour response

-Guaranteed
* Low prices
* High quality
* Export a speciality

AMBIT
INTERNATIONAL'S

WORLD
13,ADIOC.

LECTRONICS
CONCISE PARTS CATALOGUE

WR&E

Some of the new
items from this

issue...

Weller/Cooper:
Soldering Irons

& Tools
Rpm t:mt:

* TCP series
* Tips & spares
* Cutters/pliers
* Toolkits

Motorola
RF Power:

mesa.
* 1W 130MHZ to
* 80W/150MHz
* ..& beyond

Test equipment
A AO* too*. ear

* Auto DMMs

* 'Scopes
* Bananas (?)
* Sig gens

TOKO inductors
RM assemblies

Intelligent LCDs
Ufli Crystal Filters

Coaxial relays
Micros &
memories
Linears

Keyswitches
Panelware
Hardware

128 Pages of the broadest component range in the business

24 HOURS A DAY, 7 DAYS A WEEK

AUTUMN '82 W EZ1 70p
AT YOUR NEWSAGENT - OR DIRECT FROM

kREE3E7 EM7ME2Hk7ECHk1 BRENTWOOD ESSEX CM14 4SG
Telephone (02771230909, telex 995194 AMBITG, data RS2321300 baud (0277)230959'

*Dial (0277)230959, hook in your low cost modem and terminal (most personal computers
can be configured to access REWTEL, details are being published in R&EW over the next
few months) and REWTEL will give you access to up to 5000 pages of background to the
WR&E catalogue, equivalents, news, updates, hot off -the -press product news, information,
jobs being advertised in the industry. It's computing at its most versatile and worthwhile:
why be satisfied with a 64K MCU, when you can gain free access to the 70MByte + of the

REWTEL computer ??



PROJECTS
* HE MICROLOG 9
The analog computer strikes back.
* STEREO NOISE GATE 20
Taking the hiss out of audio.
* HE TV AMP 25
Clearer sound for the slightly deaf.
* PHASE FOUR 37
A four stage audio phaser.
* POP AMPS No. 1 52
A single op -amp microammeter.
* SLIDE -TAPE SYNCHRONISER 56
Audio visuals with added bleep.
* POP AMPS No 2 62
Voltage follow -and -hold for meters.
* LOW COST ALARM 70
A security alarm that won't cost everything you've got.
* HE LOFTY 74
Don't hide your loft lights - turn them off!
* THE BIG EAR 80
An electronic eaysdropper for nature lovers.

FEATURES
FAMOUS NAMES 33
J. M. E. Baudot.
RADIO RULES 43
Single sideband.

COMPONENTS FOR COMPUTING 46
Part 1 gets into (and out of) I/O Ports.
HC6010 DMM 65
Digital multimeter reviewed.

Monitor 6
What's On Next 18
Points of View 31
Buylines 34
Clever Dick 51
HE Book Service 46
HE Backnumbers 74
PCB Service 63
PCB Printout 65
Classified Advertisements 81

Editor: Ron Keeley
Editorial Assistant: Helen Armstrong
Advertisement Manager: Gary Price
Assistant Advert. Manager: Jolyn Nice
Managing Editor: Ron Harris BSc
Managing Director: T.J. Connell
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Size 5 Savbit
£1.15 Per pack I zmnda

Ersin Multicore
Ersin Multicore, solder contains 5 cores of non-
corrosive flux, instantly cleaning heavily oxidised
surfaces. No extra flux is required.
Comes in handy dispensers and tool box reels in two
different alloys 40/60 tin/lead for general purpose
electrical soldering and 60/40 tin/lead ideal for
small components and fine wire soldering.

Size 3 40/60 tin/lead
£4.37 Per reel 1 bmmda

Size 10 60/40 tin/lead
£4.37 Per reel 071mmtha

Size PC115 60/40 tin/lead
£1.38 Handy pack 0 028rnm dsa

Multicore Savbit
Multicore Savbit, solder increases the life of your
soldering bit by 10 times, for better soldering
efficiency and economy.
Comes in two handy dispensers and tool box reels.

Size 12 Savbit
£4.37 Per reel I2mmdm

.474.

Size 19A 60/40 tin/lead
£1.15 Handy pack I22rnrnd..3

Size SV130 Savbit

Multicore Alu-Sol £1.73 Per pack 004*,,,,,

Multicore Alu-Sol. solder contains 4 cores of flux,
suitable for most metals especially aluminium.
Comes in handy dispensers on tool box reels.

Size AL150 Alu-Sol
£2.07 Per pack 04Srnm d.

Size 4 Alu-Sol
£7.82 Per reel

All prices inclusive of VAT.
Available from most electrical and DIYs stores. If
you have difficulty in obtaining any of these products
send direct with 50p for postage and packing. For
free colour brochure send S.A.E

Multicore Solder Wick
Multicore Solder Wick, absorbs solder instantly from
tags and printed circuits with the use of a 40 to 50
watt soldering iron.
Quick and easy to use, desolders in seconds.

Size AB10 Solder Wick
£1.43 Per pack

Multicore Tip Kleen
Multicore Tip Kleen, soldering iron tip wiping pad.
Replaces wet sponges.

Size 2 Tip Kleen
£0.92 Per pack

Bib Wire strippers and cutters
Wire strippers and cutters, with precision ground
and hardened steel jaws. Adjustable to most
wire sizes. With handle locking -catch and easy -grip
plastic covered handles.

Size 9 Wire Strippers
£2.69 Per pair

Bib Audio/Video Products Limited
(Solder Division), Kelsey House,
Wood Lane End, Hemel Hempstead,
Hertfordshire, HP2 4RQ.
Telephone (0442) 61291
Telex 826437

4 Hobby Electronics, December 1982



WATFORD ELECTRONKS 74,371:L74
7400 i
7402
7403

1

7404 i1371

7405 y6

7406 20

7407 20

7408 14

7409 14

7410 14

7411 16

7412 16
7413
7410 lij
7416 20
7417

20

7420 is
7021

20

7422 20

1

18
7426 18
7425

7427 ..
7428

ii
7430 14
7432
7433 22
7437 25
7438 22
7438 25

16244° m
7441 ii2442,
244. 90
7444 %
7445 55
7446 60
7447 35
7448 44-7450

11:7451

74148

74151

60
74150 50

40
74153 40

774411N
56
40

74157 33
74159 80
74160 60
74161 48
74162 40
74163 40
74164 40

487744112

44
74167 150
74170 125
74172 250
74173 54
174174 54
74175 50
74176 40
74177 45
74178 80
74180 40
74181 50
74182 60
74184 90
74185 96
74186 470
74188 250
74190 48
74191 46

74192 46
74193 45
74194 46
74195 46
74196 48
74197 46
74198 84
74199 84
P1221 54

LS124 go

LS126
LS125 24

35

LS132 se
LS133 30

LS136 26

LS138 25

LS139 a
LS145 70

LS147 100
LS108 70

LS151 40

LS153 40

LS155 30

LS157
x)LS158
v

LS160 32

LS161 37

LS162 37

15163 37
LS164 43

LS165 50

LS166 52

LS170 70
19173 56

LS174 50

LS175 40
LS181 90

LS190 36

LS191 36
LS192 36

LS193 37

LS194 33

10195 33

LS196 45

LS197 46
LS221 55

LS240 56
LS241 55

LS244 55

LS245 70

LS257
15261 100 1

40

405250

75
4051 06

60
4053 50
4054 95
4055 95
4056 85
4057 1915
4059 435
4060 45
4061 1195
4062 995
4063 %
4066 24
4067 245
4068 14
4069 13
4070 13
4071 13
4072 13
4073 13
4075 13
4076 50
4077 13
4078 15
4081 13
4082 13
4085 50
4086 60
4089 125
4093 20
4094 70
4095 75
4096 70
4095 no
4097 190
4098 75
4099 190
4160 75
1161 99
4162 99
4163 99
4175 1%
4194 106
4408 790
4409 790
4410 725
4411 MO
4412 790
4415 080
4419 280
4422 770
4433 770
4435 850
4440 999
4450 350
4451 350
4490 350
4500 675
4501 28
4502 60
4503 35
4504 75
4506 35
4507 35
4508 130 .

4510 46 i

4511 45
4512 42

AY -1-5051 180
AY3-8910 433
85-5-1230 460
AY -5.1350 350
CA3018
CA3020 210
CA3028 96
CA3035 256
CA3045 366
CA3046 70
CA3048 220
CA3059 336
CA3075 213
CA3080E 70
CA3081 190
CA3085 96
CA3089E 200
CA3090AQ 375
CA3123E 150
CA3130 90
CA3140 40
CA3160 95
CA3161 160
CA3189 296
HA1336W 240
017106E 750

17107 975
18038CC 300
M7204 560

CM7216A 1960
M7224 7%

CM7555 80
M7556 150

183350 250
LA4031 300
LA4032 29e
LA4400 440
LC7120 X0
LC7130 340
LC7137 395
LF347 150
LF351 48
LF353 50
LF355 66
LF356 96
LF357 110
LF359 96
LF398 475
LM301A 24
LM308 96
LM311 70
LM318 150
LM319 215
LM324 30
LM339 47
1M348 64
LM349 115
LM358 60
LM377 175
LM379 480
LM380 75
LM381 146
LM382 115
LM384 140
LM386 90
LM387 120
LM389 95
LM393 100
LM394 290
LM733 70
LM1458 30
LM2917 1%
LM3302 75
LM3900 50
LM3909 85
LM3911 125
LM3914 200
LM3915 200
LM3916 250

S7220 210
MC1303 68
MC1304P 260
MC1310 160
MC1455 150
MC1458 %
MC1469 300
MC1488 40
MC1489 55
MC1495 350
MC1496 70
MC1596 225
MC1648 290

MC3302MC1709G 9090

MC1710 79

MC3340P 123
MC3360 P 120
MC3401 85
MC3403 75
MFC6040 75
M 650398 635
ML924 275
MM5303 635
MM5307 1275
MM5387 47
NE529 225
NE531 140
NE543 225
NE544 210
NE555 16
NE556 46
NE560 325
NE561 398
NE562 410
NE564 420
NE565 120
NE566 156
NE567 140
NE570 410
NE571 400
6E5534 150
RC4136 139

0C4556 45p
5566E1 225
SA83209 425
SA63210 325
5863271 486
SAB4209 586
5576013 360
S676023 350
SN76477 420
S676488 480
5576660 120
SL490 350
568629 299
TA7120 150
TA7204 200
TA7205A 90
147222 150
TAD100 159
T134120 70
164641 290
TI3A800 80
TBA810 95
TBA820 80
TCA965 120
7081004 290
7801008 310
7081022 499
7081024 115
11341490 325
TDA2004 4%
TDA2020 320
TL061 ao
11063 80
7107106 24

A

11072 46
11074 100
TL081 24
TL082 45
11083 75
TL084 90
uAA170 170
UAA180 170

120
002211XR06 300

22 575
Z80CPU 299
Z804 CPU 300
Z804 CTC 260
Z80 CTC 250
280610 280
2808610 275
2N414 80
25424E 130
ZN425E 345
ZN426E 300
76427 590
25428 410
ZN429 210
251034E 200
251040E 675

35c CARDIFF ROAD, WATFORD, HERTS, ENGLAND
MAIL ORDER, CALLERS WELCOME. Tel Watford 40588

L . , , s 1 A - ' ,
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH /CHEQUE/P.Os
OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL
STITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT
WELCOME. P&P ADD 50p TO ALL CASH ORDERS. OVERSEAS ORDERS
AT COST. AIR/SURFACE. ACCESS ORDERS WELCOME.

VAT AN Prices exclusive of VAT. Please odd 15% VAT to the total cost incl.
We stock thousands more ierns. It pays to yr. us. We are situated behind Watford Footbel
Nearest underground/BR Station: Watford High Street. Open Monday to Saturday: gam to 6pm

i -

IN-
ENQUIRY
POSTAGE

PfsP
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POLYESTER CAPACITORS, Axial Lead T ype
4005: 10F, 105, 2n2, 3n3, 4n7, 6n8 11p; 10n, 15n, 18n, 22n 12p: 33n, 47n. 68n 15p; 100n, 150n 20p: 220n
389; 330n 42p: 470n 52p; 680n 130p; 7µF 68p; 2,2 82p; 4,7 86p.
160V; lOnF, 12n, 100n 1116 150n, 220n 17p: 330n, 470n 30p: 680n, 311p; 10F 42p: 1v5 45p: 2p2 48p.
1000V: 1nF 17p; 100F 30p; 15n 40p; 22n 36p; 33n 42p; 47n 48p; 100n 50p; 470n 99p.

POLYESTER RADIAL LEAD CAPACITORS: 250V,
1006, 15n, 22n, 27n 6p; 33n, 47n, 68n, 100n 7p: 150n, 220n 10p.;
330n, 470n 13p; 680n 19p; 1µF 23p: 1,5 40p; 2,2 45p; 4a7 (60p.

ULTRASONIC TRANSDUCERS
40kHz 325p/pr

ELECTROLYTIC CAPACITORS: (Values are in vn 500V- 10 520: 47 760; 2505: 100 56p; 83V: 0.47, 1.0,
1.5, 2.2, 2.5, 3 3 6p: 4.7 9p; 6.8. 10 10: 15, 22, 12p; 33 15p; 47 12p; 100, 19p; 100, 19p; 1000 7p. 50V, 47
120; 68 20p; 220 24p. 470 32p; 2200 90p. 40V: 4.7, 15, 22 9p: 3300, 90p; 4700, 120p; 25V: 1.5, 6.8. 10, 22
80; 33 9p; 478p: 100 11p: 150 12p; 220, 150; 330 22p; 470 26p; 680, 1000, 34p; 2200, 50p; 3300, 76p; 4700
92p: 16V, 40. 47, 100 96 125, 12p; 220 13p:470, 20p: 680 34p: 1000 27p: 1500, 31p; 2200 380: 3300 74p,
4700 79p.
TAG -END CAPACITORS: UV: 2200 139p; 3300 19816 4700 246p 50V: 2200 110p; 3300 154p; 40V: 4700
190p; 25V. 2200 90p, 3300, 4000, 4700 960; 10,000 320p: 15,000 345p; 16V: 22,000 350p.

TANTALUM BEAD CAPACITORS
35V: 0.1µF, 0.22. 0.33 16p: 0.47, 068,
10 F, 1.5 16p: 2.2, 3.3 18p; 4.7, 6.8
22p; 10AAF 213p: 16V: 2.2, 3.3 16p; 4.7aF,
6.8.
10 160; 15, 360; 22 300; 33, 47 40p; 100
75p; 220 88p: 10V: 15, 22, 213p, 33, 47
350: 100 55p: 81/: 100 42p.

OPTO
ELECTRONICS
LEDs with Clips
TIL209 Red 11100,10211 Grn 147470
11L212 Yel 14390.
.2' Red 121000,

SILVER MICA (Values in pFl
2, 3.3, 4.7, 6.8, 8.2, 10, 15, 18, 22.
27, 33, 39, 47, 50, 56. 68, 75, 82, 85,

120, 150, 180pF 15p each
200, 220, 250, 270, 300, 330, 360.

470, 600, 800, 820 21p each
1200, 1800, 2200 30p each

60p

7453 1!
7454 '
7460 3108

7472 24
7473 ?4,7474
7475 25
7476 25
7480 00
7481 120

aa7482 4",
7483 4"
7484 ""
7485
7486 20
7400 170,
7490 4:4
7491 .'''
7492 4".
7493 4.,
7493

7496
.,1

7497
.,4°

74100
,,,....

74104 '
74105

in"'74107 "
74109 "74110

44.4
74111 '''
74112 170

r.,.,74116
:),4'74118

...,'""74119
°:.;

74120
74121 25
74122
74123 36
74126 36
74128 36
74132 .
74135 ,,,.
74136 "'''
74141 55
74142 175
74143 210,,,,74145 °^'
.74142 74

741-S
LSOO ;.!
LSO(

,,1
LSO2

'
LSO3 12
1s04 12

S"L 05 13
LSO8 12
LSO9 12
LS10 3
LS11 13
LS12 12
LS13 20
LS14
1020

24
13

LS21 12
LS22

1
LS26

,12
LS27

.;
LS28

1

LS30 12
1032

,'
LS33
LS37

'
4

LS38
LS40
LS42 2e..
1.047 4.
LS48 '4.;
LS55

120'"LS632716,
LS73LS74481618LS75611620
LS76
LS83 36...)
SL 85

'''`.4
1.586 '"

S.°L 90 24
LS92 32
LS93
LS95

"'",..:
S'`.L 96 7,,

LS107
.4'...

LS109
LS112

,t,'
``.

LS113
.,',"

LS114 "
LS122 36
15123

CMOS
4000 10
4001 10
4002 12

4006 50

4007 14
4008 32

4009 24
4010 24
4011 10
4)))2 16

4013 20

4014 46

4015 40

4016 20

4017 32

4018 45

4019 25

4020 42

4021 40

4022 40

4023 13
4024 v
4025 13

4026 93

4027 20
4028 39
4029 46
4030 15
4031 125
4032 eo
4033 125
4034 140
4035 46
4036 2754037 115
4038 110
4039 .,
4040

70
4041 40
4042 40
4043 40
4044 ao
4045 1,
4046 46
4047 40
4048 40

25
- -

POTENTIOMETERS: Rotary, Carbon,
Track. 0.25W Log Et 0.5W Lin.

.2" Yell or Grn
Square LEDs 14
9 R/G 851

3300, 4700pF each I

--'
-High5000. 160 8 260 I Linear only) Single

Gang 30p
569-2MOSingle Gang 30p
560-2M0 Single Gang 0/P Switch 790
560-2190 Double Gang 85p

-Colour
Bi-Colour G/Y 761
Tri-colour R/G/Y 85
OCP71 120

ORP12 78
255777 06

RESISTORS - Carbon Film
Stability. Low Noise. Miniature
Tolerance 5%.

RANGE VAL 199 100-

-1

SLIDER POTENTIOMETERS
0-25W log and linear values 60mm
560-50060 single gang 700'
10613500Kit dual gang 11001
Self Stick Graduated Bezel 40p

10271 46.
SFH205 91

11L32 52

T1L78 541
TIL38 66
TIL100 00

1W 202.4M7 E24 2p 1p
IW 202-4M7 012 2p 1p
1W 202-10M E12 5p 4p
2% Metal Film 100IM 6p 4p
1% Metal Film 5111-19 Oct Sc
100 -A- once applies to Resistors of each

MYLAR FILM CAPACITORS 7 Segment Displays value not mixed.
100V: 1nF, 2, 4, 4n7, 10 6p; 15nF, 22n,
30n, 40, 47 7p; 56. 100n, 200 9p;
470n/50V 129

1

TIL321 .5 CA 1151
111_322 .5 CC 115'
DL704 .3 CCth 99

CERAMIC CAPACITORS 50V. 0-5pF
to lOnF 4p: 22n to 47n 5p. 100n 7p.

fMINIATURE TYPE TRIMMERS,...
2-8 F, 2-10pF, 2-25 F, 5-56pF 30p

01707.3 CA 99)

.3 Green CA 120
DL747 CA 193,

GAS Et SMOKE DETECTORS
TGS812 or TGS813 775p

`
COMPRESSION TRIMMERS
340pF; 10-80pF 20p; 20 250pF 28p;
100-580pF 360; 400.12500F 41111.

.6
650357 120
FND500 90
MAN3640 175

ACCESS ORDERS
Just phone your order through

and we do the rest

ICs
211412 96
2708 725

225
4116 70

(BBC) 225
390

6502 325
6522 320
6800 125
709C 8 pin 35
733 90
741 B pin 14
747C 65
748C 36
753 185
810 159
B1L.S95 80
811596 80
811597 80
9400CJ 350
AY11320 225
AY1-5050 99

PRESET POTENTIOMETERS
Vertical Et Horizontal
0.1W 50 M 5 MOMindture 7p
0.25W 100 M-3.3 MI1 horn. 10P
0.25W 200 M-4.7 MO vert 10p

10 Sag Bargraph 225
LCD 3) Digits 525
Isolators
1174 46
11074

BBC MICRO
Upgrade kit now available
16-K RAM (8 x 4816 API

E18.00

VOLTAGE REGULATORS
x-1A T03 ve - ve

5V 7805 146p 7905 220p kJ.,
12V 7112 146p 7812 n°P **.i15V 7815 1459 -
18V 7818 1459 -
1A 10220 Plastic Casing
5V 7805 40p 7095 45p

12V 7812 40p 7912 46p
155 7815 400 7915 466

.'

185 7818 40p 7918 45p
24V 7824 40p 7924 46p

100mA 1092 Plastic Casing
5V 78L05 30p 791_05 60p .
6V 78L62 30p
8V 781_82 30p

SWITCHES
TOGGLE: 2A/250V SLIDE: 240V
SPST Standard 33 IA SPST 13

DPDT Standard 44 i44 06131 13

SUB -MIN TOGGLE IA DPDT 14

SPST On/off 54 1ADPCott 15

SPOT1c/over/ 93
DPDT 6 tags 75 PUSH BUTTON

,4
DPOT c/off 133 Push -Make -
DPOT Biased 145 Push -Break 18

ROCKER: SPST on/off 104/250V 213ROCKER: DPDT 10A/250V4049
ROCKER: DPST ILLUMINATED

862°

ROTARY: (Adjustable Stopl 1 pole/2 to 12 way,
2 pole/2 to 6 way; 3 pole/2 to 4 way: 4 pole/2 to
3 way 46

TRANSISTORS
AC125 35
AC126/7 361
AC128 30
AC141/2 30
AC176 137 30
AC188 30
ACY17A18 70
ACY20 /1 75
ACV22 80
80140 120
AD149 79
80161/2 42
AF115 60
A6139 40
AF178 75
AF180 /6 70
AF239 55
BC107/13 10
BC10819 12
8C108C 12
BC109 10
BC109E1 12
BC109C 12
BC117 /8 20
BC119 38
BC137 40
5C140 /3 30
0C147/8 9
BC149 9
BC153 /4 27
BC157 /8 10
00159 11

BC160 46
BC1674 10
BC168C 10
BC169C 10
BC170 15
BC171 /2 11

BC177 /8 16
BC179 20
13C182/21 10
BC813 /1 10
BC184 10
8C1841 10
80186 /7 26
0C212 10
BC212L 10
BC2 13 10
BC2131 10
0C214 10
8C2141 10

0C30713 14
BC328 96
BC338 15
BC441 34

BC461 34
5C477 40
BC516/7 40
00647/8 12
BC549 14
BC556 /7 16
BC558/9 15
BCY70 16
BCY71 18
BCY72 20
130131/2 48
60133 93
BD135 45
60136!7 40
60138/9 40
80140 40
BD695A 125
906968 1/5
130517 195
130460 160
130Y61 160
BF115 35
BF167 29
0F173 V
BF177 25
136178 30
13F179
06180

35
38

13F1945 12
8 F196 /7 12
6F198 18
136200 30
BF224A 25
66244 28
BF256 35
BF257 /8 32
136259 35
BF594/5 40
BFR39.40 23
BF R41, 79 23
86620 /81 25
0 FX29 12
BFX81 46
BFX84 28
BFX85/6 28
BF087/8 29
86550/1 23

252160 360
252219A 21
252220A 23
252222 25
2523694 18
2N2476 50
2612483 27
292497 63
262646 46
2N2894 30
252904 13
2529054 26
2N2906/7 26
252926G 10
253053 28
253054 58
253055 48
253121 30
253133 46
253135 33
253252 46
253442 140
2E13568 25
2143663 15
2N3702/3 10
253704/5 10
253706/7 10
253708/9 10
253710/11 10
253713 140
253771 179
2N3772 195
2N3773 210
2N3819 22
263820 33
253822/3 46
2143866 90
2N3903/4 15
253905/6 15
2N4037 48
2144058 10
254061/2 10
254069 46

2N4859 78
254871 55
255135/6 20
2N5138 le
2N5179 46
255180 45
2N5191 75
255305 24
255457/8 30
2N5459 30

2N5485 30
255777 46
2N6027 32
2SA636 250
2SA671 250
2SA715 60
2SC495 70
2SC496 70
2SC1051 250
2SC1096 85
2SC1173 125
2SC1306 WO
2SC1307 150
2SC1449 86
2SC1923 50
2SC1945 225
2501953 90
2SC1957 90
2SC1969 140
2SC2028 95
2SC2029 210
2502078 170
2502091 46
2502314 86
2SC2166 1E6
2501679 1W
35128 112
3N140 112
40311 60
40313 130
40316 95
40317 80
40324
40326

100
60

40327
40347

70
90

40348 120
40360 60
40361/2 70
40407 60
40408 70
40411 286
40412 90
40467 130
40468 85
40594 105
40595 110
40603 110
40673 75

BFY52 23
86539 40
BSX20 20
BSY65 36

BSY95A 25
BU105 170
BU205 190
1311208 200
E113 45
E176 50
E421 250
MJ2955 70
MJE340 54
MJE370 100
MJE371 100
MJE520.'1 95
MJE2955 70
MJE3055 70
MPF102 40
MPF103 30
MPF104 30
MPF105 30
MPF106 40
MPSA05/6 25
MPS412 30
MPSA55 30
MPSA56 30
MPSUO6 56
MRSU56 60
0C35 125
0C36 120
0C41 /2 75
0C44 75
0C45/70 40
0071/2 40
OC78 50
0081 /2 50
0083/4 00
0C170 /1 50
TIP29A 32
TIP29C 39
rim 48
TIP30A 36
TIP30C 37
TIP314 38
TIP31C 37
116324 38
TIP32C 42
TIP33A 65
TIP33C 78
TIP34A 74
71P34C 88
TIP35A 110

TIP35C 128 ,

7I6364 130
TIP36C 140
TIP41A 50
TIP41B 52
TIP42A 56
TIP42B 58
T1P120 70
T1P121 /2 73
TIP141 106
TIP142 1M
TIP147 120
TIP2955 60
1163055 60
TIS43 32
11544 46
715888 50
11690 3:1
TIS91 32
V61010 80
VN1OK 55
554686 78
VN664F 80
558886 94
ITX107/8 11

ZTX109 12
ZTX300 13
27X301/2 16
ZTX303 25
27X304 17
ZTX314 Z5
ITX326 30
ZTX341 30
ITX500 14
2TX501.2 15

ZTX503 18
710504 25
ZTX531 25
ZTX550 25
25525 58
26696 30
25697 23
25698 40
25699 48
25706 19
25918
25930

35
20

29961 55
291132/2 24
251304 %
251305 60
2141306/7 65

121416716 120

12V 78112 30p 79L12 50p
15V 78115 30p 79L15 60p

CA3085 %p LM317P 99p 78862513 75p
LM300H 170p LM323K 500p 7081412 150p
LM305H 1400 1-54337 1250 70H05 550,
L M3091( 135p LM723 35P 781412 593p
LM317K 360p 788650 50p 70HG5 550p

73031
16K RAM Pack, Fully built & tested.

Plugs straight on to your ZX81.
Onl £17.35y

We stock a wide selection of

DIL SOCKETS 791-10 71168 Computer ICs, Printers, Floppy Disc
Drives, BBC Micro upgrade Kits,

Low Wire
Prof. wrap

8 way 80 250
PROTO DEC
Euroboerd 520

Micro peripherals, Books
etc. at very competitive prices.

14 pin 9p 36p
16 pin 10p 42p
18 pin 16p 52p
20 pm 220 6130
22 gn 251 701
24 pm 27p 70p
28 pin 28p 60p
40 pm 33p 99p

S Dec 460
Bimboard I 500
Veroblock 375

Adventures with
Electronics
by Torn Duncan A

Complete Kit: 1151

DIODES I

135126 12
65127 12
089 00 ;
0447 12

0A70 12
0479 15

6

ZENERS -7
Range 2V7 to
39V 400mW

lip each
Range 3V3 to
33V. 1.3W

150 each

/
SCRs ,

THYRIS-
TORS
54.'400V 40
5A/600V 08
8A/3005 60
8A/600V 95

DENCO COILS RFC 5 chokes
'DP' VALVE TYPE 140p
Range 1 to 5 BL., RFC7119rnt1

0A90 181'
0A91 a

0A95
04200 Si

NOISE
Diode 1960

12A/100V 78
128/400V 95
12A/800V 189
BT106 150

RD, TI Wht. 1229 160p
6-7 6-5-19 110p 13; 14; 15; 16; 17
1.5 Green 1500 1200
'1' type 1 to 5, BI, 18/1.6 1350
Rd, Wht. VI 150p 18/465 1520
89A Valve Holder TOC 1 1240

42p MVV5FR 122p

149140A202 j i
5916 51N4001/2 Sr
#4003 51
N4004/5  l
N4006/7 7'
N4148

BRIDGE
I

RECTIFIERS
1A/50V

4
1A/1005
1A/400V .
1A/500V '''

01116 180
C106D 36
TTIC44 24

IC45
I."T C47

11
35

255062 32
255064 38
2144444 130

RDT2 145p MW/LW SFR 1540
:

N5401 ...
24/50V 35
2A/200V 40' TRIACS

VEROBOARD
0.1 Pitch clad plain
21 x 31" 80p -

2f x 5' 91p -
31 x 3r 910 -
31 x 5' 105p 870

31 17" 389p 232p

COPPER
CLAD BOARDS
Fibre glass
6 x 6' 9°P
6 x 12' 1506

S.R.B.P.

N5404 1_,
N5406 ;II
N5408 '.
S44 :
S921

6A/100V 40'
6A/400V 501
6A/800V 851

2A/400V =
2A/600V .,..,..

6A/100V ,t1
5A/000V .4
6A/6°" 125

1100AA//62000OVV nee_,215

25A/200V 240
258/600V 395

38 1000 48
3A 200V 54
34400V 56
8A 1005 80

8A 400V 69
8A 800V 115

12A 1005 71
128 4005 82

x

41 x 17" 470p -
Pkt of 100 pins 50p

9 x 8 %P We stock a
wide selection

,_,,
65164 f
VE418 .4.

124800V 135
164 100V 103
164500V 115

Spot face cutter 135p
Pin insertion tool 178p

Ferric Chloride
1lb Anhydr. 196p

of Electronic
Books and
Me900ines.

DIAL
ST2

25A 800V 220
25A 1000V 480
7280000 120 1
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MONITOR
Directory Update

The response to our Directory Of Elec-
tronic Component and Hardware Sup-
pliers has been tremendous, from both
readers and the suppliers themselves.
The reaction has been particularly strong
from those suppliers who, for one reason
or another, were either not included in
our listings - or those whose ad-
dress/telephone number got scrambled.

Naturally, they will all be listed (cor-
rectly) in our next Directory, here are
some more companies operating on the
supply side of our hobby . . .

A.P.T. Radar Systems Limited,
Cybervox Language Laboratory
Division,
Unit B, Sprint Industrial Estate, Chertsey
Road, Byfleet, Surrey KT14 7LA. Tel.
09323 41331.
Specialists in the manufacture of tape
recorders and related components
together with headsets and spares.
Candis Electronics Ltd.
Highdown Works, Highdown Avenue,
Worthing, West Sussex BN 1 3 1 PU. Tel.
0903 690750.
Specialists in temperature sensing com-
ponents of all kinds.
Electronic Hobbies Ltd.,
17 Roxwell Road, Chelmsford, Essex
CM1 2LY.
The correct telephone number is 0245
62149.
Garland Bros. Ltd.,
Chesham House, Deptford Broadway,
London SE8 4QN. Tel. 01 692 4412.
"We are an established retail firm (20
years) dealing in electronic components,
audio equipment, in -car entertainment,
and we also do a very large range of CB
equipment. A repair service for audio and
CB is also available".

Garland Bros. carry all the lines men-
tioned in the charts, but do not operate a
mail order service.
Roadrunner Electronic Products,
1 16 Blackdown Rural Industries, Haste
Hill, Haslemere, Surrey GU27 3AY. Tel.
0428 53850.
"Developed and manufactured in
Hazlemere, our most well-known pro-
duct is the Roadrunner prototype wiring
system. This British product is already
used extensively in industry and educa-
tional establishments, and is also ideal
for the 'home engineer'.

Our hardware products range from
packs of terminal pins to 19" subracks.
We also handle computer and word-
processing products, from typewriter
ribbons through to microcomputer
systems.

With a combination of the right pro-
duct, a competitive pricing structure and
excellent service, we make customer
satisfaction our priority".

Roadrunner are moving to new, larger
premises in Haslemere, with the inten-
tion of improving overall service to the
professional and hobby markets. Orders
using Access or Barclaycard are
welcomed, either by phone or letter.
There is no minimum order level,
although a 50p handling charge is made
on orders under £5. Carriage and pack-

ing charges are 5% of the total order
before VAT is added.
TK Electronics,
11 Boston Road, London W7 3SJ.
The middle two numbers of TK's "easy
to remember" telephone number were
inadvertently transposed, rendering it
'not so easy'. The number should be, of
course, 5-6-7-8-9-10.
The Vintage Wireless Company,
64 Broad Street, Staple Hill, Bristol
BS16 5NL. Tel. 0272 565472.
"We are major stockists of obsolete
electronic components, especially
valves, and operate on a mail order
business as well as personal calls to our
premises. We try and offer a personal
service, and also have a huge library of
service data".

The range of services offered include:
Sale of radio and television receivers,
1914 to 1954.
Sale of spare parts for the above.
Sale of radio, television and industrial
valves.
Sale of service data, technical informa-
tion, sales data, historical and other
items of interest in vintage radio and TV.
Restoration and overhaul (but not basic
repairs of vintage equipment) of valve
domestic and automobile radio of all
types.
Sale of new and used books on the sub-
ject, plus second hand magazines, often
dating back to the First World War!
Hire of radios and related props for
theatrical purposes.
Sale of restored radios, with guarantee.
Sale of restored vintage car radios.

The full range of stock and vintage
radio news can be found in The Antique
Wireless Newsheet, published by the
company from the above address - con-
tact them directly for subscription rates.

Credit card sales are offered via Ac-
cess and Barclaycard, and credit card
orders are accepted by 'phone.

Flash Point Alarm

As if by magic, we have had replies to our
request for suppliers of the difficult bits
for this project.

First, the ICL761 1 CMOS IC is readily
available from Rapid Electronics, Hill
Farm Industrial Estate, Boxted, Col-
chester, Essex C04 5RD. The telephone
number is 0206 36412.

The other tricky item was the ther-
mocouple, without which the project
had very little point; the exact ther-
mocouple required is stocked in vast
lengths by Candis Electronics Ltd..
Highdown Works, Highdown Avenue,
Worthing, West Sussex BN 1 3 1 PU. Tel.
0903 690750. Candis are specialists in
the design and manufacture of
temperature sensing equipment, and
they carry a large stock of all kinds of
thermal devices.

Add-Ons For The ZX
Computers

Thurnall Electronics have produced a
range of accessories for Sinclair's ZX 80
and 81 computers, with an adaptor
system to fit the ZX Spectrum.

The range is based on a 16 -line I/O
port, and the modular system allows dif-
ferent add-ons to be used simultane-
ously via an inexpensive motherboard.

Thurnall recommend their system as
. . . an ideal way of learning about in-

putting and outputting information . . . "
from the computers. An analogue -to -
digital converter and an RS232 interface
are also promised. For details contact
Thurnall Electronics, 95 Liverpool Rd.,
Cadishead, Manchester M30 5BG. A
catalogue is available - but send an SAE
with your enquiry.

aimf 1RlmlD
019 (02 tie 116 email tik
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MONITOR
We generally credit our designers -

where would we be without them - but
due to an oversight in this case, Dr.
Blomfield's name was omitted from the
article.

Full Protection, But No Racket

Radio buffs going mobile should take a
look at a low -noise 24 to 12 volt
switched -mode voltage converter gives
an output of 1 3.6V 0.2V) at 6A con-
tinuous current, has a low noise rating of
2 mV RMS below 1 MHz and 1 mV RMS
above 1 MHZ, and is fully protected and
operable up to 50°C.

The 6A version is priced at £39.95
and is supplied with M4 bolts for
bulkhead mounting if required. The unit
is also available in a 1 OA version. For fur-
ther information contact Davtrend Ltd.,
89 Kimbolton Rd., Portsmouth, Hants
P03 6DA.

And we'd better add that the unit is
sold in a proper case, and not open to the
air as our picture shows it!

A Little Luxury

More advance builders, especially of
radio equipment, may find Centemp In-
strument ' s hand-held digital
capacitance meter useful, provided they
can spare £69. The little MT -301 is
small and robust and designed to travel.
It comes complete with battery, alligator
test clips, spare fuse and instructions -
all ready to go. A bold 1/2 -inch, 31/2 digit li-
quid crystal reads out from Op1 to 200u
across eight separate ranges; the con-
trols are all push buttons for easy one -
hand operation.

This is a slightly unusual piece of
equipment, so anybody who feels the
need of a digital capacitance meter could
do worse than to start enquiring here. In-
cidentally, for the really rough rider,
there's an optional "deluxe protective
case" (fur -lined??) for an extra £6.00.
Details from Centemp Instrument Co.,
62 Curtis Rd., Hounslow, Middx. Tel.
(01) 894 2723.

Hiding His Lights

Our apologies to Dr. D.L.H. Blomfield,
who designed the Three -Aspect Signal
Lights Controller project which appeared
in our September '82 issue.

Dr. Blomfield has certainly earned our
collective congratulations for his excep-
tional design, which has attracted high
praise from several model rail en-
thusiasts.

Little Boxes

Things for putting other things in may
not provide the total answer to how to
run an orderly workshop, but they cer-
tainly do help, so SSI Fix Equipment have
come up with a new system of compo-
nent storage modules known as Portafix
6.

Each Portafix unit (sounds like
something out of Asterix the Gaul,
doesn't it?) has 12 bin -shaped drawers,
each 2 x 4 x 3" deep. The overall size is
14 x 14 x 4" , with a tray area on top, in-
tegral carrying handle and (an unusual
feature) optional hooks, for carrying
tools, at either end of the unit.

The whole thing seems to be design-
ed for absolute minimum spillability and,
for travelling, this principle can be taken
even further - any two units can be
hinged together face to face and secure-
ly locked shut - no more drawers sliding
out every time the car tilts! Each little bin
has a transparent dust -cover which
opens upwards and the modules
themselves can be stacked.

A very handy bit of storage equip-
ment for any kind of craft which uses
small components, from cake -
decorating to woodworking to . . . well,
electronics. At £7.40 for a single unit
and £14.80 for a double (hinged) unit,
this could knock a few of your Christmas
present problems on the head!

At the moment Portafix 6 is only
available from SSI Fix Equipment Ltd., K-
ingsclere Rd., Basingstoke, Hants RG21
2UJ, and prices don't include postage
and packing, so you will have to enquire
about that: telephone 0256 26511.
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=Electronics
MICRO

BEST
PRICES
ANYWHERE!

2114L-2 75
2716 205
2532 340
2732 340
4116 P20 70
6116-P3150nS 365
4164 440

Z804 CPU 290 81LS96 85
Z804 P10 260 81 LS97 85
Z804 CTC 260 1488 55
280A 010 900 1489 55
ZBOA BMA 1150 Epson Printers and D
Z804 DART 500 Connectors now avail
81 LS95 85 able at low tow lances.

SPECIAL OFFERS

7 IC206D 44 400V
That. 40
T L084 60
3mm red LED 6
7805 30
Offer ends 31112182.

CMOS

4000
4001
4002
4006
4007
4008
4009
4010
4011
4012
4013
4014
4015

4016
4017
4018
4019
4020
4021

50 4022
14 4023
36 4024
24 4025
24 4026
11 4027
15 4028
20 4029
45 4030
40 4031

10
10
12

20 4034
30 4036
45 4039
25 4040
42 4041
40 4042
45 4043
16 4044
33 4046
16 4047
75 4048
20 4049
40 4050
45 4051
14 4052

125 4053

140 4054 78 4081
249 4055 80 4082
280 4059 430 4085
40 4060 42 4086
40 4063 80 4089
38 4066 22 4093
40 4067 225 4094
40 4068 14 4095
50 4069 13 4097
45 4070 13 4098
38 4071 13 4099
21 4072 13 40106
21 4073 13 40109
42 4075 13 40163
48 4076 45 40173
48 4077 14 40175

12 40193 65
12 4502 60
48 4503 32
50 4507 35

125 4508 125
18 4510 45
68 4511 45
65 4512 50

290 4514 120
70 4515 120
70 4516 55
40 4518 40

110 4520 50
60 4521 130

100 4526 60
75 4527 50

4528
4529
4532
4534
4538
4543
4549
4553
4555
4556
4559
4560
4584
4585
4724

50
150
60

400
110

70
360
245
35
35

390
175
40
60

140

LS TTL

L000
LS01
LSO2
LSO3
LSO4
LSO5
LSO8
LSO9
LS10
LS11
LS12
LS13
LS14
LS15

11

11

11

12
12
12
12
12
12
12
12
19
30
12

L520
LS21
LS22
LS26
LS27
LS30
LS32
LS37
LS38
LS40
LS42
LS47
LS48
LS51
LS55
LS73
1.074

12
12
12
14
12
12
13
14
15
13
28
35
45
14
14
18
17

LS75
LS76
L578
LS83
LS85
LS86
LS90
LS92
LS93
LS95
LS96
LS107
LS109
LS112
LSI13
LS114
LS122

20 1.0123
17 10125
17 LSI 26
35 LS132
48 LS136
16 LS138
24 LS139
25 1.0145
24 L5147
38 LS148
95 LS151
40 LS153
21 LS154
21 LS155
21 LS156
22 LS157
35 LS158

34 LS160
24 LS161
25 LS162
35 LS163
26 10164
30 LS165
30 LS166
70 LS170

150 LS173
75 LS174
38 LS175
38 LS190
75 LS191
33 LS192
36 LS193
26 LS195
29 LS196

35 LS197 45
35 LS221 50
35 LS240 60
35 LS241 60
40 LS292 55
55 LS243 55
60 LS244 55
75 LS245 70
60 LS247 48
45 LS251 28
45 LS257 32
35 LS258 32
35 LS259 55
35 LS266 20
36 LS273 58
32 LS279 30
45 LS283 38

L5353 60
LS365 28
LS366 28
LS367 28
LS368 29
15373
LS374
LS375
LS377
LS3 78
LS390
LS393
LS399
LS541
10670

60
60
43
60
57
45
45

156
78

135

7413
7414
7416

7400 11 7417
7401 11 7420
7402 11 7421
7403 12 7422
7404 12 7427
7405 14 7428
7406 19 7430
7407 19 7432
7408 13 7433
7409 13 7437
7410 13 7438
7411 15 7440
7412 17 7442

LINEAR

555CMOS 80
556CMOS 150
709 25

14
748 35
9400CJ 350
Al -3-1270 720
AY -3-8910 370
AY -3-8912 625
CA3046 60
CA3080 65
CA3089 215
CA309040 375
CA3130E 85
CA31406 36
CA3161E 100
CA3189 290
CA32406 110

17
23
19
19
14
19
19
18
25
13
20
20
23
24
14
30

7444
7446
7447
7448
7450
7451
7453
7454
7460
7472
7473
7474
7475
7476
7480
7482

85 7483
58 7485
36 7486
43 7489
14 7490
14 7491
14 7492
14 7493
14 7494
22 7495
24 7496
19 7497
26 74100
25 74107
45 74109
65 74121

30
60
19

180
19
34
24
24
33
33
38
86
78
22
24
24

74122
74123
74125
74126
74132
74141
74145
74147
74148
74150
74153
74154
74155
74156
74157
74160

38
38
33
33
30
54
48
75
60
48
38
47
36
36
28
55

74161
74162
74163
74164
74165
74167
74170
74173
74174
74175
74176
74177
74179
74180
74181
74182

46 74190 40
46 74191 40
46 74192 40
46 74193 40
46 74194 40

150 74195 40
115 74196 40

58 74197 40
53 74198 80
45 74199 80
35
42
75
38

100
55

CL7106 700
CL7611 95
CL762I 180
CL7622 180
CL8038 295
CL8211A 200

M7224 785
CM7555 80
LF351 45
LF353 85
LF356 90
LM1O 360
LM3014 25
LM311
LM318 120
LM324
LM3342 10f)
LM335Z 125

LM339
LM348
LM358
LM377

leLM381
LM382
LM384
LM386
LM387
L M393
LM709
LA1711
LM725
LM733
LM741
LM747
LM1458
LM291 7
LM3900

LM3909

45
60
50

170
65

120
120
130
65

120
100

25
60

350
75
14
60
40

200
45
70

LM3911 120
LM3914 175
LM3915 195
LM13600 105
MC1496 68
MC3340 135

MF10C9 350
ML922 400
ML924 195
M1925 210
ML926 140
ML927 140
ML928 140
ML929 140
MM5387A 465
NE529 225
NE531 150
NE544 205
eNE555 16
A,16556 45
NE565 110

NE566
PNE567
PNE570
NE571
RC4136
RC4558
SL480
SL490
SL76018
106976477
SP8629
TBA1200
T84800
TBA810
T84820

140
100
370
370

55
60

170
250
150
380
250

70
75
98
70

TBA950 220
TDA1008 320
TDA1022 490
TDA1024 125
TL061 40
11062 60

T L064
TL071
T L072
T L074
PTL081
T L082
T L084
IL170
U42240
ULN2003
ULN2004
XR2206
ZN414
ZN423
ZN424
ZN425E
ZN426E
ZN427E
ZN428E
ZN459
2910346

96
30
50
95
25
45
95
50

120
85
90

290
100
135
135
350
330
650
480
285
200

TRANSISTORS

AC125 35
AC126 25
AC127 25
O AC128 20
AC176 25
AC187 22
AC188 22
AD142 120
AD149
AC/161
AD162
AF124
AF 126
AF139
AF 186
AF 239
8C107
BC1078
 8C108
BC1088
BC108C
 8C109
BC109C
8C114
BC115
8C117
BC119
BC137
BC139
BC140
BC141
80142
BCI43
BC147
BC148

BC517 40
8C547 7

BC548 10
BC149 9 BC549 10
BC157 8 BC558 10
BC158 10 BCY70 18
BC159 8 BCY71 18
BC160 45 BCY72 18
BC168C 10 80115 80
BC169C 10 BD131 35
80170 8 50132 35

80 BC171 10 130133 50
40 BC172 8 BD135 50
40 BC177 18 130136 30
60 BC178 18 80137 30
50 BC179 18 80138 30
40 BC182 10 PA8 0139 35
70 BC182L 8 P130140 35
75 BC183 10 60204 110
10 BC183L 10 80206 110
12 BC184 10 80222 85

9 BC184L 7 8F180 35
12 BC212 10 BF182 35
12 BC212L 10 60184 25

9 8C213 10 BF 185 25
12 BC213L 10 13F194 12
22 8C214 10 BF195 12
22 BC214L 8 BF196 12
22 8C237 8 BF 197 12
35 BC238 14 BF 198 10
40 BC308 15 BF 199 18
40 BC327 14 8F200 30
30 8C328 14 03024413 22
30 BC337 14 BF 245 30
25 BC338 14 BF 256B 45
25 BC477 30 BF 257 32

8 BC478 30 8F258 25
8 BC479 30 BF 259 35

BF337
BF R40
BF R80
08 FR81
BF X29
BF 084
BF X85
BF X86
BF 087
BF X88
8F Y50
BFY51
EWA/52
8F Y53
BF Y55
BF 156
BRY39
BSX20
857429
951958
8U205
131./206
BU208
MJ2955
MJE340
MJE520
MJE521
MUE3055
MPF102
MPF 104
MPS405
MPS406
MPSA12
MPSA 55
MPSA56
MPSUO5
MPSUO6
MPSU55

40
23
23
20
25
25
25
28
25
25
23
20
23
32
32
32
40
20
35
25

160
200
170

99
50
65
95
70
40
40
22
25
30
30
30
55
55
60

MPSU56 60
TIP29A 30
TIP298 55
TIP29C 37
TIP304 35
TI17308 50
TIP30C 37
TIP31A 35
TIP31C 37
TIP32A 35
TIP32C 37
TIP334 50
TI1733C 75
TIP34A 60
TIP34C 85
T1/7354 105
TIP35C 125
TIP36A 125
TIP36C 135
TIP41A 45
TIP42A 45
TIP120 90
TIP121 90
TIP122 90
TIP141 98
TIP142 98
119147 110
TIP2955 60
TIP3055 55
TIS43 40
TIS44 45
TIS90 30
TIS91 30
VN1OKM 45
VN46AF 75
VN66AF 85
V 9884F 95
ZT X107 8

ZTX108 8 293055 50
ZTX109 12 293442 120
ZTX300 14  293702 6

ZTX301 16 2N3703 9
ZTX302 15 2193704 6
ZTX304 17 293705 9

ZTX341 30 2N3706 9
ZTX500 15 293707 10
ZTX501 15 293708 10
ZTX502 15 293709 10
ZTX503 18 2N3772 190
ZTX504 25 P293773210
29697 20 la 293819 18
29698 40 293820 40
297064 20 293823 65
29708 20 293866 90
29918 35 293903 10
2141132 22 2N3904 10
291613 30 2N3905 6
2922184 45 293906 10
2922194 25 2N4037 45
292221A 25 294058 10
2N2222A 20 294060 10

292368 25 2N4061 10
292369 16 2N4062 10

292484 25 2N5457 36
292646 45 295458 36
292904 20 2N5459 30
292904A 20 295485 36
292905 22 295777 45
2929054 22 296077 30
292906 25 40360 40
2192906A 25 40361 50
292907 25 40362 50
2929074 25 40408 70
292926 9
293053 23
293054 55

The Rapid Guarantee
* Same day despatch * Competitive prices
* Top quality components * In-depth stocks

MAIL ORDERS:
Unit 2, Hill Farm Industrial Estate,
Boxtect, Colchester, Essex C04 5RD.
TELEPHONE ORDERS:
Colchester (0206) 36412.

CAPACITORS

Polyester, radial leads. 250v. C280
type: 0.01, 0.015, 0022, 0.033 -
6p. 0.047, 0.068, 0.1  7p, 0.15,
0.22 9p; 0.33, 0.47 - 13p:0.68

I u - 23p.
Electrolytic, radial or axial leads:
0.47/63 V, 1 /63V, 2.2/63V, 4.7/63V,
10/25V 7p; 22/25V, 47/25V- 8p;
100/25V- 9p; 220/25V 14P;
470/25V - 22p; 1000/25V - 30p;
2200/25V 50p.
Tag end power supply electrolytics:
2200/40V  110p; 4700/40V -160P
2200/63V  140p; 4700/63V  230p
Polyester, miniature Siemens PCB:
In, 2n2, 3n3, 4n 7, 6n8, 10n, 15n, 79;
22n, 33n, 47n, 68n, 8p; 100n, 9p;
150n, 11p, 220n, 13p,330n, 20p:
470n 26p;6800, 29p; 1u 33p: 2u2,
500.
Tantalum bead:
0.1, 0.22, 0.33. 0.47, 1.0 @ 35V
12p. 2.2, 4.7, 10 @ 25V - 20p;
15/16V - 30p; 22/16V  279; 33/
16V 45p; 47/6V 27p; 47/16V -
70p; 68/6V - 40p; 100/10V 909.
Cer. disc. 22p -0.01u 50V, 3p each.
Mullett( miniature ceramic plate:
I.8pF to 100pF 6p each.
Polystyrene, 5%101; 10p -1000p, 6p:
1500-4700, 8p:6800 0.012u, 10p.
Trimmers. Mallard 808 sewer 2-10
pF, 22p; 2'22pF, 30p; 5.5-65pF. 35p

RESISTORS

'4W 5% Carbon film E12 series 4.7
ohm - 1M. . . . Ip each.
IhW 5% Carbon film 612 series 4.7
ohm to 4M7 . . . 2p each.
'4W 1% metal flint E24 series 10
ohm  IM . . 6p each.

SOCKETS

8 pin
14 pin
16 pin
18 pine
20 pin.
22 pin
24 pin
28 pin 25p
40 pin 25p
Soldercon pins 60P/100

Low
prof Ile
6p
8P
9P
12p
13p
16p
189

Were.
wrap
250
35p
42p
52p
60p
70p
70p
80p
98p

SWITCHES
Subrnin toggle;
SPST 55p. SPDT 60p. DPDT 659.
Miniature toggle;
SPOT 80p. SPOT centre off 90P.
DPDT 909 DPDT centre off 10017.
Standard toggle.
SPOT 35p. DPDT48p
Miniature DPDT slide 122.
Push to make 12p.
Push to break 22p.
Rotary type adjustable stop.
1P12W, 2P6W, 3P4W all 55p each.
DIL switches:
4SPST 80p 6 SPOT 809. 8SPST
10017.

VERO

VEROBLUC
Size 0.1 Matrix.
2.5 x 1

2.5 x 3.75
2.5 5
3.75 x 5
VQ board
Veropins per 100
Single sided 50
Double sided 60
Spot face cutter 105
Pin insertion tool . 162
Wiring pen and spool . 310
Spare spool 75p Combs . 6

350

22
75
85
95

160

DIODES

131127 i2
0447 10
0490 8
0A9) 7

0A200 8
04202 8
1N914 4
01(44148 2

01N4001
194002
194006
194007
195401
195404
195406
400mWzen

35

7

7

15
16
17

6

CABLES

20 metre pack single core connect-
ing cable ten different colours.65p

Speaker cable . . . 10p/rn
Standard screened . . 16p/rn
Twin screened . 24p/m
2.5A 3 core mains . . 23p/m
10 way rainbow ribbon 65p/m
20 way rainbow ribbon 120p/m

POTENTIOMETERS

Rotary. Carbon track Log or Lin
1K - 2M2. Single 32p. Stereo 85p.
Single switched 80p. Slide 60mm
travel single Log or Lin 5K - 500K
63p each.
Preset submin. hor. 100 ohms -1 M
7p each.
Cermet precision multiturn, 0.7519
9" 100 ohms to 100K  88p each.

REGULATORS

78L05 30 79105
781.12 30 79112
78L15 30 79L15
7805 35 7905
7812 35 7912
7815 35 7915

65
65
65
40
40
40

LM309K 130 LM723 35
LM3I 7K 270 LM338K 475
LM317T 120 78H05 5A
LM323K 350 5V . 550

SOLDERING IRONS
Antes CS 17W Soldering iron 460
2.3 and 4.7mm bits to suit . 65
CS 17W element . . 450
Antes XS 25W . . . 480
3.3 and 4.7mm bits to suit . 65
Solder pump desoldering tool. 480
Spare nozzle for above . . 70
10 metres 22swg solder . 100

PCB MATERIALS
Altar transfer sheets - please state
type (e.g. DIL pads etc.) . 45
Delo etch resist pen . . . 100
Fibre glass board 3.75"x8" 80
Ferric chloride 250ml bottle. 100

1:7:233/54

ACCESS AND
BARCLAYCARD

WELCOME

TOOLS

Small trimming tool . . 22
Small pocket screwdriver . 16
Large pocket screwdriver . 13
6 piece precision screwdriver set
in plastic case . . 170
Low cost side cutters . 160
High quality side cutters . 650
Low cost pliers . . . . 160
High quality pliers . . 650
Wire strippers . . 120
Expo reliant drill . . 695
Expo Titan drill . . . . 1025
Drill stand . . . . 1200
Reduced shank drill bits for
above 0.8mm,

. 60

OPTO

3mrt-i red 7 5mm red 8
I.3mrn green 12 5mr-n green 12
P3mm yellovv12 P 5mm yellow/2
Clips to suit - 3p each.
Rectangular TIL32 40
P red 12 TIL78 40
green 17 TIL111 60
yellow 17 ORPI2 85
PTI L38 40 TIL100 90

' 2N5777 45 Dual colour 60
Seven segment displays:
Com cathode Com anode
DL704 0.3" 95 0(.7070.3" 95
OFND500 F ND507
0.5" 100 0.5" 100
TI L3130.3"115 TIL3120.3"115
111.3220.5"115 TIL3210.5"115
LCD: 31 digit 580p. 4 digit 6209.

TRIACS 400V 8A 65
400V 16A 95

400V 44 50 BR100 25

COMPONENT KITS

An ideal opportunity for the beginner or the experienced constructor
to obtain a wide range of components at greatly reduced prices. '4W 5%
Resistor kit. Contains 10 of each value from 4.7 ohms to IM (total
of 650 resistors) . . . . . . . . . . 480
Ceramic Cap. kit. 5 of each value - 22p to 0.01u (135 caps) . . 370
Polyester Cap. kit. 5 of each value from 0.01 to luF (65 caps) . 575
Preset kit. Contains 5 of each value from 100 ohms to 1M (total
65 presets 425
Nut and Bolt kit (total 300 items); 180p
25 6BA 'A" bolts 50 6BA washers 50 684 nuts
25 6BA It" bolts 25413A 'A" bolts 50 6BA washers
50 6BA nuts 25 6BA torts

TRANSFORMERS Please add carriage charges
to our normal post charges.

Miniature mains;
606V, 909V, 12012V all @ 100mA 100p each.
PCB mounting. Miniature:
3VA 0-6, 0-6 @ 0.254; 0-9 0-9 @ 0.154; 0-12,0-12 @ 0.12A 200p each
6VA 06, 0-6 @ 0.54; 0 9, 0.9 @ 0.3A; 0-12, 0.12 @ 0.25A 270p each.
High quality. Split bobbin construction
6VA 0-6, 0 6 @ 0,54; 0-9, 0-9 @ 0.44; 0-12, 0-12V @ 0.3A 2209 each.
12VA 0-6, 06 @ 14; 0-9, 0-9 @ 0.84, 0-12, 0-12 @ 0.54; 0.15,0.15
@ 0.4A 295p (plus 40p carriape).
25VA 06, 06 @ 1.5A; 0-9, 0-9 @ 1.24; 0.12, 0.12 @ IA: 0 15, 0-15 @
0.8A 330p each (plus 60p carriage)
50VA 0-12, 0-12 @ 2A, 0-15, 0 15 @ 1.5A. 440p each (plus 75p carriage)

HARDWARE

PP3 battery clips . . 6
Red or black crocodile clips . 6
Black pointer control knob 15
Pr Ultrasonic transducers 350
fiV Electronic buzzer 60
12V Electronic buzzer . 65
OP82720 Piezo transducer . 75
64mm 64 ohm speaker .

64r-rtm 8 ohm speaker .

20mm panel fuseholder

70
70
25

BOXES
Aluminium

Plastic with 302x1" 70
lid c screws 40301'4" 85
302x1" 55 403x2" 100
4%530112" 88 60402" 120
704x2 160 604x3" 150

SCR
01061) 30
400V 84 70
400V 12A 95

BRIDGE
RECTIFIERS

2A 200V 40
2A 400V 45
6A 100V 80
6A 400V 95

IA 50V 20 VM18 DIL 0.94
14 400V 35 200V . 50

CONNECTORS

DIN Plug Skt Jack Plug Skt
2 ptn 9p 9p 2.5mm 10p 10P
3 pin 129 10p 3.5rnm 9p 9P
5 pin 13p 11p Standardl6P 20p
Phono 10p 12P Stereo 24p 25p
lmm 12p 13p 4mrn 18p 17p
UHF (CB) Connectors:
PL259 Plug 40p. Reducer 140.
50239 square chassis skt 38p.
00239S round chassis skt 40p.
IEC 3 pin 250V/6A.
Plug chassis mounting . . 389
Socket free hanging 60p
Socket with 2m lead . . 120p

MULTIMETERS

HT -120 4,000 opv
A smart looking 11 range pocket
sized multimeter with an impressive
spec. Complete with battery, etc.
650p each.
HT -320 20,000 opv.
Highly sensitive 19 range multi -
meter including transistor tester.
Overload protection. DC volts -
1000. AC volts - 1000. DC current
0.25A. 4 resistance ranges.Complete
with batteries, leads, etc. 1395p

NEW CATALOGUE  NEW CATALOGUE11111111
Our latest catalogue has just been released containing
over 2000 stock lines all at extremely competitive
prices backed by Rapid's return of post service.
Stocks include Denco coils, tools, Verocases, data
sheets etc. etc. Send 45p for your copy now (sent
free of charge with all orders over £10).

:ORDERING INFO All components brand new and full specification.
All prices exclude VAT. Please add to total order. Please add 50p carriage to all orders
under £15 In value. Send cheque/P.O. or Access/Visa number with order. Our detailed
catalogue costs 45p (free with orders over EIC). Callers most welcome. Telephone orders
welcome with Access and Visa. Official orders accepted from Colleges Schools, etc.
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HE Microlog
The return of the Analog Computer.

K. Manison

WITHOUT DOUBT we are living in a
rapidly expanding digital world;
everything is going digital. Clocks and
watches, once precise mechanical
instruments with analogue dials, now
consist of tiny electronic circuits
displaying the time in digits accurate to
a tenth of a second. The acceptance of
digital technology can be seen in the
rapid increase in the availability of
women's digital watches; it is no
longer a symbol of male technology!

Digits are also appearing in other
areas, long the exclusive domain of
analogue indicators, but display
methods are not the only field to fall to
digital techniques. Our telephone
conversations are digitised and
transmitted as serial bit streams and
who, today, hasn't heard of digital hi-
fi? And with the recent release of video
disc systems, digital video has finally
arrived.

One of the reasons for the digital
revolution, of course, is cost. With the
rapid advances of digital integrated
circuits - and that superstar the
microprocessor - it has become much
cheaper to produce a silicon circuit
with an LED or LCD display, than to
make a complicated mechanical
indicator.

In many cases, the increased
accuracy and resolution is definitely
required and digital systems may be
used to excellent effect. In other cases,
however, the older analogue systems
have many advantages, and that is true
also of the analogue computer.

The Analogue Computer
Remarkable though it may seem, the
analogue computer, which need not
have a single TTL or CMOS logic chip in
the whole of its circuit, manges to
perform calculations that many digital
machines would find difficult.
Analogue computers have been around
for decades in one form or another. In
fact, many of us have used a slide rule
Without even being aware that it is an
analogue computer.

Whereas a digital computer
performs its calculations directly, using
numbers, an analogue computer will
use some physical parameter to
represent the values it is to manipulate.
The slide rule, for example, uses
length; the length is considered to
represent the log of a number so that
adding two lengths together is
analogous to adding logarithms which,
of course, is a method of performing
multiplication.

Until the cheap digital calculator
became available, the slide rule was
dexterously manipulated by

generations of engineers and scientists,
and it has in no way hindered the
advance of technology! In fact,
entering experimental results accurate
to two decimal places into a calculator
and getting out a result with eight
places of decimals can be meaningless.
If the data is limited to two place
accuracy so is the result, and we have
to round off the answer anyway. The
slide rule, being accurate to two places,
can in many cases produce answers
that are just as valid as a calculator,
and it is not much slower either!
To further illustrate the difference
between analogue and digital
computation, let us look at a common
problem. When changing a note for
coins, the bank teller can count the
money in one of two ways. The most
obvious way is to empty a heap of
1 Ops on to the table and count the
required number. For small sums this is
adequate, accurate and, for the
experienced teller, remarkably fast.
However, if a large sum has to be
changed, the digital computing method
becomes too slow and also increases
the chance of error. So, the teller will
weigh the coins and, the weight of a
single 10p piece being known, the
scale can be graduated in pounds and
pence. This is an analogue method in
which weight is the analogue of value.
In this case, the analogue method will
be faster than physically counting each
coin and, with an accurate scale, just
as precise.

It is obvious that different
applications are better suited to either
digital or to analogue computation. For
example, analogue computers have
long been used for solving differential
equations of the type frequently
encountered in control theory and

servo systems. While these equations
can be solved by digital means, it is a
time consuming process and often
expensive as well. However, an
electronic analogue of the system can
be constructed on an analogue
computer, the stimulus then fed in and
the output viewed in real time on an
oscilloscope or chart recorder.
Variables of the system can be
changed independantly and the process
run again and again.

It is the speed of computation, and
the graphical output, that give the
analogue computer the edge on this
type of problem. So now let's look into
an analogue computer and see what it
consists of and how it can be used. For
those that are interested in
experimenting with these machine, the
Microlog is a simple and cheap
analogue computer that can be used to
try out some of these concepts.

Analogue Computing
An analogue computer performs the
functions of summation (adding),
multiplication, integration and
differentiation. While a digital computer
can perform all these functions, it can
only do them one at a time. So, even
though it works very fast it has to
perform a series of calculations.
Particularly where integration is
concerned, many simple calculations
have to be made to solve one integral,
and, if the step size is kept small to
increase accuracy or resolution, then
more calculations are required and the
time taken is increased.

Say, for example, the solution to the
problem X = Y + (V + U)/2 is required. A
digital computer would tackle the
problem like this: first, V and U would
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be added together and stored as a
variable; second, that variable would
be divided by 2; last, it would be added
to Y to give the required answer. A
program, written in BASIC, to handle
the problem may look like this:

10 INPUT U
20 INPUT V
30 LET X = ( U + V I / 2
40 INPUT Y
50 LET X = X + Y
60 PRINT X
70 END

For a simple problem like this these
steps take very little time, but if a large
complicated formula were being
calculated you can see that this
sequential type of process may take a
very long time indeed.

The analogue computer, however,
uses separate modules to
simultaneously perform each function
required in the calculation, and the
manner in which the modules are
interconnected determines the formula
being calculated. If two additions have
to be performed then two summers will
be used, one for each.

For the problem X = Y + (V +11)/2, an
electronic analogue computer would
have modules connected together as
shown in Figure 1. The triangle
symbols are summers and produce the
algebraic sum of the input voltages.
The circle symbol is a coefficient
multiplier, used to divide the sum of
V + U by 2 (multiplication by 0.5). You
can see that as soon as the input
voltages corresponding to Y,V and U
are presented to the modules, X will be
instantly available. Notice that the
analogue computer is effectively
performing all of its calculations in
parallel, not one after the other. It is
also performing an 'on-line' calculation
in that the output X will continually
follow the inputs. A digital machine
would have to prompt for updated
values, or interrogate I/O ports for
them. This is what gives the analogue
computer a speed advantage, in many
cases. To find out how an analogue
computer works, let us examine each
of the building blocks; then we will
determine how to put them together!

Computing Units
An analogue computer uses voltage
and time to represent numeric values.
For example, a voltage rising from 0
volts to 3 volts over a period of a
minute could be used to represent the
filling of a 300 gallon tank in the same
time. In this case, 1 volt represents
100 gallons, and its variation with time
shows the changing level in the tank.
So, a plot of voltage against time will
show the physical movement of the
system we are simulating with the
analogue computer. The analogue
computer, therefor, needs devices that
will sum, integrate and multiply
electronic voltages. If we think of these
devices as circuit elements, then we
can connect them together as a circuit
to produce the function we require.

U

O
V
0
V

0

Figure 1. The analogue solution to the
equation.

1M 1M

Figure 2(a). An analogue summing cir-
cuit (above); 2(b) the graphic symbol
used for a summer (below).

Figure 3. The circuit of an op -amp in-
tegrator.

VIN

INITIAL
CONDITION

R1

I a I

R2

INITIAL
CONDITION

INPUT

Ibl c

Figure 4. Above (a), the integrator cir-
cuit modified for initial condition input;
(b) the usual graphic symbol; (c) the
representation used on Microlog's
panel.

Figure 5. An op -amp differentiator.

Summers
If our computer is to use voltages to
represent physical values then we need
an electronic device to add two
voltages together; it must produce a
voltage which is the algebraic sum of
two or more instantaneous voltages.

The simplest method is to use an op -
amp; if we add several inputs through
resistors, we get an output proportional
to the sum of the input voltages. A
typical circuit is shown in Figure 2a.
The summer circuit module is usually
shown by the symbol of Figure 2b. The
gains, normally 1 and 10, are shown
for each input.

Integrators
We stated at the beginning that
analogue computers are used to
produce solutions to differential
equations, and this means that
integration and differentiation are
involved. Integration is essentially the
sum of all the instantaneous values of a
function. Normally it is performed
between definite limits, say between
the times t = 0 and t = 100. Some initial
condition must also be specified if the
integration is to be valid. For example,
when integrating a voltage signal V,
the starting condition may be V = 2
when t = 0. Therefore, the integrator
must also have an "'initial condition"
input.

We can use an op -amp to integrate a
voltage; consider the circuit shown in
Figure 3. The output is given as:

Vo = -f Vi dt
RC

Of course, we can integrate multiple
inputs in exactly the same waythat we

summed several inputs, and it should
also be clear that by changing the input
resistors the integrator gains,
expressed as 1/CR, can be
independently set for each input.

Now to set the initial conditions: we
must be able to set the output (by
setting the charge on the capacitor) to
a desired value. In effect, the circuit
must behave as a summer up to time
t = 0, but operate as an integrator after
that time. We achieve this by means of
two switches, as shown in the circuit
Figure 4a.

If switch SW2 is closed, you can
see that you have a summer with only
one input, VI x R1 /R2. The capacitor
will also have this voltage across it and
will be charged to the desired initial
condition.

If switch SW2 is opened and SW1
closed, we have an integrator with
three inputs. When both switches are
open, the circuit acts as a 'hold' circuit
- the output will remain at whatever
the voltage was when SW2 was
opened. This is dependent, of course,
on the capacitor remaining charged,
but as the input impedance of the op -
amp is very high, it can hold the
voltage for an appreciable time.

In a large analogue computer, these
switches are replaced by relays, which
allows the machine to be switched
from Reset to Compute repeatedly, and
the response can be displayed on an
oscilloscope. This mode of operation is
called Rep -Op, short for Repetitive
Operation.

Differentiators
We learn at school that integration is
the opposite procedure to
differentiation, so that the opposite
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RV1-6

10k

T1

COEFFICIENT
MULTIPLIERS x6

R1 1M

R2 1M

R12

100k

R4 1M

R8 1M

R16

100k

R101M

RV7

20-0-20

4 7 u

C6

IC3

22u

C8

R45
47014

ZD1

1 0 V

47u

C7

IC4 1""

ZD2
1 0 V

R46
4708

+15V

10v

V

lOy

15V

Figure 6. The complete Microlog circuit: (above)
the power supply; (far left) the coefficient
multipliers; (near left) the meter circuitry; (below
left) the four summing circuits; (below right) the

R44 47k four integrators. Not all the components are
mounted on the PCB; connection points are mark -

50k ed to aid wiring, which needs careful attention -
see NOTE, below, and Figures 8 and 9.

M1

NOTES:
IC1,2 ARE 348
IC3 IS 7815
IC4 IS 7915
M1 = 100uA CENTRE ZERO

R3 1M

R6 1M

R11 1M

NOTE:
CIRCLED NUMBERS = PCB CONNECTOR POINTS
LOWER CASE LETTERS= PATCH PANEL CONNECTOR POINTS
NUMBER AND LETTERS = LEVER SWITCH TERMINALS
LEVER SWITCH SHOWN IN "RUN"

R36 10k R37 10k

R22 1M

R23 1M

R30

1005

R24 1M

R25 1M

R32

100k

100k

R39 10k

R43 10k

configuration, in the op -amp circuit,
will produce a differentiator. The circuit
in Figure 5 produces the differential of
the input voltage, and once again we
can have several inputs with
independent gains.

Coefficient Multipliers
So far we have shown our summers,
integrators and differentiators with
fixed gains of, eg., 1, 10, or 100. We
could, of course, set them to any value
required - 2.375 for example - but
we lose flexibility if the gains are set to
such 'strange' values, as they will only
be useful for a calculation that needs
that particular number! However, if we
have a device that will divide a voltage
by 1/.2375 (ie. multiply by the
coefficient, 0.2357) and then follow
that by a summer with a gain of 10, we
have achieved our required gain of
2.375. So we need a voltage, or
potential, divider - which is nothing
else but a potentiometer!

For analogue computers, the
potentiometers have to be precise and
stable. Also, there must be some
means of setting them to the required
value. The way this is achieved is to
connect them across an accurate,
known voltage and measure the output
while adjusting the pot until the desired
coefficient is reached. In large
machines, this may be done
automatically by small servo motors
connected to the wiper mechanism. For
small machines, such as the one
described in this article, the pot has to
be set manually. In the example above,
the potentiometer could be connected
across 10 volts and adjusted until the
output at the wiper measured exactly
2.375 volts.

The HE Microlog
Microlog stands for Micro -Analogue
Computer (we can't have digital
machines claiming sole rights to the
term 'Micro'!). It has been designed as
a conceptual trainer to give you a feel
for analogue computing and, therefore,
accuracy has been traded for low cost
and simplicity.

Microlog's patch panel shown in
Figure 7 and from it you can see that it
has four integrators, four summers and
six pots (coefficient multipliers). The
Initialise -Integrate -Hold selection is
performed by the keyswitch labelled
Reset -Run -Hold; no rep -op mode is
available as that would entail the use of
relays, increasing the cost. The
complete circuit is built on one PCB and
fits in a type 104 Verobox, with 2 mm
plugs used for the patch connectors.
The most expensive item in the
Microlog is the meter!

To keep everything simple, single
chip voltage regulators are used for the
15 V power supplies and the reference
supplies are simple zener diode
regulators. Two 348 quad op -amps are
used, one chip providing the four
integrators and the other the four
summers. One of the summers has a
capacitor on one input to provide a
differentiator function. The complete
circuitry is shown in Figure 6.
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0 0 1a 0 0 1d 12 0

a Fg41
I

LIM 0
0

d ®

U ®

0

I I I

I I II IIII

KEYSWITCH

oe

0

. R20 0

< +O LEM1 0

R28

MEI 0

h 0

-10

10

/ I V ®

'..-e-Hd}®C1\ I\\ I
z ®

hh

30

OV

k 322 0

< I 0 LEI 0
R30

101 ZD2
0

KIM 0

ILENI0

kk

cc ®

dd0

0

ON OFF

Imo
L 0

Figure 8. The front panel wiring diagram, showing the mounting positions of the components and the wiring points leg, point 'f'
goes to PCB point '1'; point "g" goes to the leverswitch terminal "la"). The switch terminal connections are shown in Figure 9.

The Patch Panel
Having designed the various computing
elements that go to make up an
analogue computer, we now require a
method to interconnect them in order
to solve problems. This is usually done
by means of a patch panel. The inputs
and outputs of each computing unit are
brought out to sockets and jumper
wires may then be used to connect the
desired units to simulate a system or
solve an equation.

Construction
The first thing is to drill the front panel
of the Verobox for the 2mm sockets,
pots, switches and the meter. Then,
using Letraset or similar rub -down
lettering, mark out the patch panel and
spray with a clear polyurethane lacquer
so that the markings will not rub off
after a little use. The full-sized patch
panel is reproduced on page xx for use
as a template in this operation.

Next, mount all the sockets and
pots. When tightening the nuts on the
2 mm sockets, take care not to overdo
it or you may strip the thread. Using
the wiring diagram, Figure 8, as a
guide, connect up the pots to their
respective sockets. Again, he very
careful when soldering to the 2 mm
sockets, as the plastic body melts very
easily!

The next step is to mount the input
resistors on the correct sockets for the
summers and integrators (mounting

HE

DEE

G

2

00ON

Micnolog HE

H

ELIE

METER RESET

RUN

E

HOLD

0 0 0
Figure 7. The front panel of Microlog. 2nun SOCKETS G GREEN = POTENTIOMETERS

B BLUE = -10V Y YELLOW = INITIAL CONDITION INPUTS
BI BLACK = OV W WHITE = OP AMP INPUTS AND OUTPUTS
R RED = 410V M = METER INPUT (BLUE)

them here, instead of on the PCB,
reduces the amount of wiring from the
patch panel to the PCB(. Use the circuit
diagram and the wiring diagram to
determine the correct place for each
resistor. Then mount the 10 volt Zener
diodes, ensuring that you have put
them in the right way round, and the
470R resistors.

The final front panel wiring is that
from the keyswitch to the sockets.
Take special care that this wiring is
correct, as it is easy to get confused
with the connections on the keyswitch.
Use the circuit diagram and Figure 9
and double check it when you've
finished. It is easier to change incorrect
wires then, than at a later stage in the
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Figure 10. The PCB component overlay diagram; note the connection points.

9 I k

f-11-1
h

HOLD .11-- RUN RESET

} T1 PRIMARY

BROWN
(ACTIVE)
BLUE
(NEUTRAL)

Figure 9. The leverswitch (Keyswitch)
wiring connections (left) and the on/off
switch connections (above). Note that
flipping from RUN to HOLD connects
'h' to 'g' etc, and in RESET, 'b' is swit-
ched to 'c' and 'e' to 'd'.

construction.
Before the panel can be put back on

the Verobox, you will have to remove
the central plastic strip that crosses the
panel aperture. Don't worry - it
doesn't weaken the box in any way.
Some time before the testing stage,
too, you will have to make up about 20
patch leads with 2 mm plugs on each
end; it is best to make assorted
lengths, say 3,6 and 9 inches long.

Now you can start to mount the
components on the PCB, using the
Parts List and component layout Figure
10 to locate each part. First check the

tracks, to ensure there are no breaks or
bridges, and then install the IC sockets
and solder them in. Do not plug in the
op -amps until the check-out procedure,
later. Next, install the resistors on the
board and once they are soldered,
mount the capacitors. Ensure that the
orientation of the electrolytic
capacitors is correct; the layout
diagram shows the way. Finally, install
the two voltage regulator ICs; these are
mounted with the metal face against
the PCB and held in position with a
small screw lockwasher and nut, and
be sure the regOlators are in the right

BRIDGE V+

OV

BRIDGE V-

places. One is a positive voltage
regulator and the other negative and if
you accidentally swap them around,
they won't last a second when you
switch on! Bend the leads down into
their respective holes and solder them
in. Go over the board, then, checking
for any solder bridges or dry joints,
touching up where necessary.
Once the board is complete you can
start wiring from the patch panel to
the PCB connection points, using the
wiring diagrams, Figures 8 and 9. This
is where great care must be taken, as
it is all too easy to get wires crossed.
Give yourself enough length on the
wires to be able to route them rieatly,
and to allow the panel or top. of the
box to be taken off without pulling the
wires!

The wiring from the PCB to the
keyswitch can be done next, again
taking care that the correct connec-
tions are made. The PCB is then
mounted to the panel, using the screw
terminals of the panel meter, which
also provides the electrical connec-
tions to the meter.

The last part of the construction is
the power supply unit (Pal). This is
extremely simple, consisting of the
small transformer, a bridge rectifier
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and two capacitors. They can all be
mounted on the transformer as shown
in the internal photograph. The final
stage is the wiring from the PSU to
the PCB, and to the ON/OFF switch.
After that, you are ready for testing.

Testing
First make sure you have NOT in-

serted the ICs and that the ON/OFF
switch is OFF. Plug Microlog into the
mains, switch on and inhale strongly.
No burning smell? So far so good!
With a multimeter, check that you get
plus and minus 15 volts at the correct
pins of the IC sockets, and plus and
minus 10 volts at the correct pins of
the IC sockets, and plus and minus 10
volts at the patch panel red and blue
sockets, respectively. None of these
voltages are critical, and the 10 volt
supplies may be a little out due to the'
tolerance of the Zener diodes. If any
of these supplies are not present
check the AC voltage out of the
transformer. If this is present and you
are getting good unregulated DC from
the diodes, then check the IC
regulators. Hope you didn't swap
them!

When all is well, patch from any
red socket into the meter socket and
adjust the trimpot on the PCB for a
positive full scale deflection. This sets
the meter to whatever voltage you get
from the Zeners, and so eliminates the
need for an absolute 10 volt
reference. For completeness, you can
then patch into a blue socket and see
that you get negative full scale deflec-
tion.

Switch off, then, and plug in the
op -amp (ICI) that is used for the sum-
mer circuits. Patch up the circuit
shown in Figure 1 1 , set RV1 fully an-
ticlockwise and switch on. You should
see an increasing negative meter
deflection as you rotate the pot
clockwise, showing that the op -amp is
inverting correctly. A mid -range set-
ting on the pot should give a -5
reading on the meter. Now patch into
the x10 input; the same thing should
happen, except that you can only
move the pot about a tenth of its
travel before you get a full-scale
reading. Test the other summers in the
same way.

Now for the integrators. Switch
off and plug in the second op -amp,
IC2. Patch up the circuit shown in
Figure 12, and make sure the
keyswitch is set to Reset.
Switch on and check that operating
RV1 gives you a varying output on the
meter; it should, in fact, behave just
like the summers. Re -turn the pot to
zero and switch to Run. If RV2 is also
at zero, nothing should happen but if
you turn RV2 up a little, the voltage
output will slowly move towards
negative full scale. Turn RV2 to zero
and the ramp will stop. Now patch the
input of RV2 into the negative
reference (blue socket) and repeat the
test; the voltage output should slowly
ramp the other way. Switching the
keyswitch to Hold should stop the
ramp and hold the present value, while
switching back to Run resumes the

Parts List
RESISTORS IC3 7815
(All Y4 watt 5% carbon) + 1 5V regulator
R1-11, 20-27 1M IC4 7915
R12-15, 28-39 100k - 1 5V regulator
R16-19, 40-43 10k BR1 .W01
R44 47k bridge rectifier
R45,46 470R

POTENTIOMETERS MISCELLANEOUS
RV1 -6 10k SW1 DPDT

linear carbon 240V min. toggle
RV7 50k SW2 lever switch

linear carbon trimpot (see Buylines)
T1 20 -0 - 20

CAPACITORS 240V/3VA transformer
Cl -4 680n M1 meter

C352* polyester 50 -0 - 50uA
C5,6 47u

25V axial electrolytic
C7,8 22u

25V axial electrolytic
*C352 series replaces C280

SEMICONDUCTORS
IC 1 ,2 348

quad op -amp BUYLINES page 34

Case (Vero type 104 or similar); 6 x
knobs; 2mm sockets (48 x white, 4
x red, 5 x blue, 4 x black, 12 x
green, 4 x yellow); 2 mm plugs (ap-
prox. 301; PCB, wire, solder etc.

ramp. This test should be repeated for
the other integrators and be performed
on each input. The speed of the ramp
will be faster when you patch into the
x10 inputs.

The last thing to check is the dif-
ferentiator input on summer 3. Set up
according to the patch diagram of
Figure 13. The output should be zero
until you move RV4. Any movement
in the pot, ie. change in the input
voltage, will cause a change in output,
but as soon as you stop moving the
pot, the output will return to zero. A
positive change in input will give a
negative swing and a negative change
will produce a positive swing.

If all of the above tests work out
as described, you now have a working
Microlog. If they don't work, check
your wiring very carefully, especially
the wiring to the keyswitch. If that is
OK, then check that the op -amps are
firmly inserted in their sockets. There
is not much else that can be wrong!

Using Microlog
All being well, you are now the

proud owner of an HE Microlog, the
smallest analogue computer in the
west! So what do you do with it?
Well, the best way to describe its
capabilities is to show some examples
of problem solving using it.

Earlier in this discussion we
mentioned using voltage as the
analogue of water level in a tank, so
lets use Microlog to solve that well
known school problem: "How long
will it take to fill a bath if water is
flowing in at X gallons per minute and
flowing out at Y gallons per minute."
Working this out at school, you
assumed a constant inflow,
(reasonable) and a constant outflow.
However, with the wisdom of
advancing years, you now know that
outflow will actually depend on the
head (or level) of the water, so the
problem is not quite as simple as it
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Figure 11. Patch diagram for testing the summing amps.

Figure 13. Testing the differentiator.

Figure 12. The patch for testing the integrators.

Figure 16. Patching the bathtub.

first seemed. First, then, we shall look
at the filling problem with no outflow
all all.

If we fill the bath from the tap the
inflow will be a constant, 'K',
determined by the setting of the tap
and the water pressure. The quantity
poured in, 'di', during time interval 'dt'
is:

di = K.dt
Now the rise in level 'dh' for quantity
'di' is:

dh = 1 /A.di
where 'A' is the area of the bath.
Rearranging to make 'di' the subject
we get:

di = A.dh
Substituting this for 'di' and
rearranging we get:

dh _ K
dt A

So now we have a differential equa-
tion expressing the rise in level with
time. The value 'K' represents the
amount by which the tap is turned on
and the main water supply pressure.

Now about the emptying part; the
amount of water that will flow out in
time interval 'dt' we shall call 'do'.
Therefore, 'do' will be equal to the
head 'h', multiplied by some constant
'C', where 'C' takes into account the
size of the plug hole! Mathematically
then:

do = C.h.dt
If the bath has a cross-sectional
area of 'A' then the fall in head will be
equal to:

dh = - 1 do
A.

The sign is minus because the level is
dropping. Rearranging we get:

do = - A.dh
Substituting we get:

K/A
-h A.dh

or:
= - C.h.dt

C/A .h

dh
dt

-C. h
A

Figure 14. Developing the bathtub cir-
cuit.

Figure 15. The bathtub completed.

This, too, is a differential equation
showing the change of head with
time, but this time it is due to the bath
emptying. Therefore, the change in
level at any instant in time will be the
sum of the filling and emptying. So,
finally, we can write:

dh K -C. h
dt A A

This is a differential equation of the
type that Microlog can solve with
ease; let's set up the circuit. First we
will need an integrator, so that if we

put 'dh/dt' in we will get ' - h' out
(which is what we want. So, we
have to put voltage signals correspon-
ding to the right hand side of our
equation into the integrator, and we
will then get out a voltage that will be
the analogue of the water level at any
instant in time. The circuit, then, will
look like Figure 14. Notice that each
input does in fact represent a term on
the right of our equation and that, as
the inputs are summed, the terms are
added, just as in the equation.

To complete the picture we have
to set the initial conditions of the
system; in this case the initial condi-
tion is the level of the bath water
before we start the filling and empty-
ing process. We can set it to zero (an
empty bath) or at any level up to full.
The complete circuit is shown in
Figure 15 and the Microlog patch
diagram is shown in Figure 16.

Now to run the program: first set
Microlog to Reset and adjust RV2 to
set the water level to full. That will be
minus full scale deflection of the
meter. Ensure that RV1 and 3 are
turned fully off, anticlockwise, and
switch to Run; the water level should
remain constant. Now pull out the
plug! You do that by turning up RV1;
the value determines the size of the
plug hole and thence the rate of
outflow. Notice that the water level is
dropping, as shown by the meter
movement, and that the rate slows
down as the bath empties. If we turn
on the tap, RV3, you can fill the bath.
Of course, the filling rate will have to

Hobby Electronics, December 1982 15



 Project
be greater than the emptying rate or
the level will slowly drop. It is in-
teresting to start with an empty bath
and start pouring water in. If the plug
is open, the level will start to rise until
the increased head causes the outflow
to equal the inflow. At this point the
level will remain constant. Turn down
the inflow rate a little and after a
while a new equilibrium level will be
found. The time taken is the 'response
time' of the system that we have just
modeled on our analogue computer!

So instead of doing lengthy
calculations, or getting wet running an
experiment, Microlog has allowed you
to set up an analogue of the system
under test. You can try various set-
tings for all the pots to see how the
result changes.

Let's look at another application.
You may remember that integrating
SINIX) gives -COS(X), and in-
tegrating COSIX) gives -SINIX).

Again, this is a differential equa-
tion of the type easily set up on
Microlog. Look at the circuit and patch
diagram in Figures 17 and 20. If you
patch this on Microlog, set the initial
condition of integrator 1 to 10 volts
and then switch to Run you will get
out a sinewave or a 90 degree phase
shifted sine wave (COS). Using pots
RV1 and 2, you can slow down the
frequency of oscillation (or by pat-
ching into the x10 inputs of the in-
tegrators you can speed it up). This
makes quite a neat and simple very
low frequency sinewave oscillator.
Due to the tiny leakage of the
capacitors and the small input currents
of the op -amps the amplitude will
decay eventually, but it will continue
to oscillate for many minutes.

Loops and Bumps
Two areas in which analogue

computers are often used are those of
modeling dynamic systems and servo
loops. These two problems require the
solution of second order differential
equations of the type:

A d2x + Bdx +Cx =0
c7t2- dt

Let's take the front suspension of
a car: what will happen if you hit a
large pothole in the road and your
shock absorbers are bad? Figure 19 is
a simple representation of the type of
system we are going to model, and
the equation that describes the
response of the system to a distur-
bance (a pothole) is:
MX + px + sx = 0
where X = d2x and X = dx

dt2 dt
MX is the inertial force due to the

mass of the car, DX is the viscous
damping force produced by the shock
absorber, and SX is the restoring force
of your front spring. X, of course, is
the displacement of the suspension
system, and we want to see how
quickly this will be restored to the
original value.

To patch this on Microlog we first
rearrange the equation so the X is the
subject:

X= - DX -S X
M M

Figure 17 (top left). The Sin X/Cos X
generator circuit.
Figure 18 (top right). A model suspen-
sion.
Figure 19 (middle left). Suspension cir-
cuitry.
Figure 22 (middle right). Model of a
closed -loop servo system.

Figure 23 (right). Response curves of a
closed -loop servo.

SHOCK ABSORBER

DESIRED POSITION

CAR

SPRING

UNDERDAMPED

eV- CRITICALLY DAMPED

POTHOLE

OVER DAMPED

Integrating X gives X, and in-
tegrating X gives X. These can then
be summed according to the formula
to give X. The circuit and patch are
shown in Figures 19 and 21. Pot RV1
is used to set'the D/X term and RV2
determines S/X: Set them both to
about mid range. But if we drive along
a perfectly flat road the suspension
will not move, so we have to simulate
the bump. This is done by setting an
initial condition into the integrators, to
show that the suspension has been
displaced.

Turn Microlog to Reset and set RV4

to about mid value and RV3 to give
- 50 on the meter - this is a medium
sized pothole! Now switch to Run and
watch the meter. It will return to zero
(the original position) and then over-
shoot, then reverse direction but over-
shoot zero again, though not by so
much this time. Eventually, it will set-
tle down to a smooth ride again. Try
playing around with RV1 and RV2;
reducing RV2 reduces the effec-
tiveness of the shock absorber and
you will find the front end of your car
bouncing up and down for the next
few miles. Increase it, and it takes a
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Figure 20. Sin X/Cos X patch.
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Figure 21. Pothole patch.

long time to return to the level condi-
tion again. If you increase RV1 you
stiffen the spring. A high RV1 and
RV2 setting simulates the rock hard
suspension of a sports car, while a
low setting for both (especially P1)
gives you the ride of a big American
Cadillac!

A closed loop servo system, of the
type shown in Figure 22, also has a
second order differential equation to
describe its performance. In this case,
instead of turning to the zero displace-
ment position, the system must move
to the position corresponding to the
input signal Y.

Microlog can model this system
too, and in fact it is very similar to the

car suspension problem. To change
the patch to model the system shown
in Figure 22, all you have to do is take
the output of RV3 from the initial con-
dition input of the integrator and plug
it into the free summing input; this pot
is now your position control. RV1 now
sets the gain of the feedback loop and
RV2 the inertia of the system. Switch
Microlog from Reset to Run and then
move RV3 to a new position; the
meter output will follow but over-
shoot, and then come back. You can
determine the best response by play-
ing with the gain and inertia of the
system, and if you have an
oscilloscope you can plot the response
and should be able to see the sort of

curves shown in Figure 23.
These are just a few of the possi-

ble systems and problems that can be
solved with an analogue computer.
Microlog is not designed to produce
accurate numerical results; however, it
can give a good idea of how a system
will function, and give you a feel for
analogue computing.

It can also be used to add signals,
or the integrators can be set up to
give you a very slow ramp. The dif-
ferentiator input can be used to
measure the slope of a ramp and it
can also be used to detect drift in a
circuit, so Microlog can be quite a
useful lab instrument as well!

Go on. Build one! HE

MODULES FOR SECURITY Et MEASUREMENT
INTRUDER ALARM CONTROL UNIT

CA 1250
This exciting new module offers all the possible
features likely to be required when building an
intruder alarm system. Whether used with only 1 or
2 magnetic switches or in conjunction with several
ultrasonic alarm modules or infra -red units. a really
effective system can be constructed at a fraction of
the cost of comparable ready-made units. Supplied
with a fully explanatory Data Sheet that makes
installation straight forward. the module is fully
tested and guaranteed.
'available in kit form E16.95 VAT '

 Built-in electronic siren drives 2 loud speakers  Stabilised ouput voltage for external units
 Provides exit and entrance delays together  2 operating modes - full alarm/anti-tamper and

with fixed alarm time panic facility
 Battery back-up with trickle charging facility  Screw connections for ease of installation
 Operates with magnetic switches. u/sonic or  Separate relay contacts for switching external

I.R. units loads

 Anti -tamper and panic facility  Test loop facility

DIGITAL VOLTMETER MODULE DVM 314
Fully built & tested

 Positive Et negative voltage with an FSD of
999mV which is easily extended

 Requires only single supply 7-12V
 High overall accuracy - 0.1 % + 1 digit
 Large bright 0.43- LED displays
 Supplied with full applications data

With this fully built and calibrated module a wide range of accurate equipment such as multimeters.
thermometers, battery indicators etc. can be constructed at a fraction of the cost of ready-made units. Full
details are supplied for extending the voltage range, measuring current, resistance and temperature.
Fully guaranteed, the unit has been supplied to electricity authorities, Government departments. etc.

Temperature Measurement Kit DT.10 £2.25 + VAT
Using the I.C. probe supplied, this kit provides a linear output oft0mV*C over the temperature range
from 10'C to + 100'C. The unit is ideal for use in conjunction with the DVM module providing an
accurate digital thermometer.

Power Supply PS.209 £4.95 + VAT
This fully built mains power supply provides two stabilised isolated outputs of 9V. 250mA each. The unit
is ideally suited for operating the DVM at Temperature Measurement module.

ULTRASONIC
ALARM
MODULE
US 4012
Fully built
8 tested

Adjustable range
from 5ft. to 25ft.

A really
effective fully built

module containing both
ultrasonic transmitter and

receiver and circuitry for providing
false alarm suppression. This module.

together with a suitable 1 2V power supply
and relay unit as shown, forms an effective

though inexpensive intruder alarm. Supplied with
comprehensive Data Sheet, it is easily mounted in a

wide range of enclosures. A ready -drilled case and necessary
hardware is available below.

Power Supply Et Relay
Units PS 4012 £4.25 + VAT

Provides a stabilised 12V output and relay with 3A
contacts. The unit is designed to operate one or two
of the above ultrasonic units. Fully built and tested.

Siren Module
SL 157 £2.95 +VAT

Produces a loud and penetrating sliding tone operat-
ing from 9-15V. Capable of driving 2 off 9 ohm
speakers to SPL of 1 10db at 2M.
Contains an inhibit facility for use with shop
lifting loops etc. or other break to activate
circuits

Add VAT & 50p post and packing
to all orders.
Shop hours 9.00 - 5.30 p.m.
(Wed. 9.00 - 1.00 p.m.)
Units on demonstration callers
welcome. S.A.E. with all
enquiries. =..

Hardware Kit
HW 4012 £4.25 + VAT
A suitable ready -drilled case with the various mount-
ing pillars, mains switch socket and nuts and bolts.
Designed to house the ultrasonic alarm module
together with its power supply.
Sue: 153mm x 120mm x 45mm.

* ACCESSORIES *
3 -position Key Switch for use with
CA 1250 supplied with 2 keys

Magnetic switch (with magnet)
5" Horn speaker for use with CA1250
and SL157

f 3 43

E 1 1 7

[4 95

RiSCOMP LiMiTED
Dept: ETI/12,
21 Duke Street,
Princes Risborough, Bucks.
Princes Risborough (084 44) 6326
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COMING SOON TO . .

0

THE HE DIGITESTER
A complete digital test system which will grow into a complete testing and breadboarding facility. The

series commences with the description of our Chip Probe, a simple logic tester that can also stand alone
as a handy test instrument.

SWITCHED MODE POWER SUPPLIES
A complete explaination with a useful easy -to -build project included! A must for CBer's and other users

of mobile equipment.

CUMULATIVE INDEX, 1979 1982
Not only the best, but the whole of Hobby Electronics indexed for you in one issue (we're hoping it will

cut down our mail!).

READER SURVEY, 1983
Yes, folks, once again it's the time of the year when WE ask YOU the questions. Come on, tell us what

you think!

JFETS EXPLAINED
Often used in our projects, these devices are easily understood (which is why we use them).

Please reserve

o 0 0

for
Name

copies of the December issue of

Address

L J

-u-
0 0 0 y

-ctro
January issue on sale at

your newsagent
from 10th December .

Place your order now!

Although these articles are being prepared for the next issue, circumstances may after the final content.
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Who but the people who made the micro possible
could help you understand it?

The Texas Instruments
Electronic Library.
An in-depth series in understanding today's world of electronics.

The Understanding Electronics Series was specially
developed and written to give you an in-depth knowledge of this
world.

Each book is comprehensive, yet easy to understand. As
informative for the electronics buff as for someone who's simply
interested in what's going on today.

Together the library will give you the most complete range
of titles available. Take advantage of our introductory offer
and choose the book, or books you want from the titles below
You'll find whole new worlds of advanced technology unfolding
before you.

Everything you've always wanted to know about:
L Understanding Electronic Control of Energy Systems.
1st edition. Ref LCB 6642. Covers motor, generator, power distribution,
heating, air conditioning, internal combustion engine, solar and nuclear
systems. Softbound 272 pages. £3.95.

2. Understanding Electronic Security Systems.
1st edition. Ref. LCB 7201. A complete guide covering the basics of hard
wired, photosensitive, infrared, ultrasonic and microwave systems and their
use in different applications. Softbound 128 pages. £3.95.

3. Understanding Solid State Electronics.
3rd edition. Ref. LCC 3361. The principles of solid state theory. It explains
electrical movement, with intermediate tuition on the applications of solid
state devices. Softbound 282 pages. £3.95.

4. Understanding Digital Electronics. 1st edition. Ref. LCB 3311
Describes digital electronics in easy -to -follow stages. It covers the
main families of digital integrated circuits and data processing systems.
Softbound 260 pages. £3.95.

5. Understanding Microprocessors. 1st edition. Ref. LCB 4023.
An in-depth look at the magic of the solid state chip. What they are, what
they db. Applications of 8 -bit and 16 -bit microprocessors; and design
from idea to hardware. Softbound 288 pages. £3.95.

6. Understanding Computer Science. 1st edition. Ref .LCB 5471.
This book tells you in everyday English how today's computer has
been developed, what goes on inside it, and how you tell it what to do.
Softbound 278 pages. £3.95.

7. Understanding Communications Systems.
1st edition. Ref. LCB 4521. An overview of all types of electronic communi-
cations systems. Softbound 282 pages. £3.95.

8. Understanding Calculator Maths. 1st edition. Ref. LCB 3321
Brings together the basic information - formulae, facts, and mathematical
tools -you need to "unlOck" the real power of the hand-held calculator.
Softbound 230 pages. £3.95.

9. Understanding Optronics. 1st edition. Ref. LCB 5472.
Optronics is the application of light and electronics to perform a wide
range of useful- tasks. From car headlights to missile guidance systems.
Softbound 270 pages. £3.95.

10. Understanding Automotive Electronics.
1st edition. Ref. LCB 5771. Learn how electronics is being applied to
automobiles. How the basic mechanical, electrical and electronic functions
and the new microprocessors and microcomputers are being applied in
innovative ways for vehicle drive train control, motion control and
instrumentation. Softbound 288 pages. £3.95.

How to order
Fill in the coupon below or if someone else has already used it, simply:
1. List reference numbers and quantities required.
2. Calculate total order value. Add £1.50 for postage and packing.
3. Send the list, plus your cheque payable to Texas Instruments Ltd,
PO Box 50, Market Harborough, Leicestershire.
Allow 30 days for delivery.

TExA
INSTRUMEsNTS

To: Texas Instruments Limited, PO Box 50, Market Harborough, Leics
Please send me the following publications:

REFERENCE NO. QTY REFERENCE NO. QTY

I. 7.

2. 8.

3. 9.

4. 10.

5.

6.

Free title choice: Understanding

I enclose a cheque for £

Name

Company (if any)

Address
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I Project

Stereo Noise
Gate

R.A. Penfold

Remove hiss and noise from your recordings!
Mono or stereo, our noise gate

deals with both.

Stereo Noise Gate
NOISE is present in every electronic
circuit, and in audio circuits it results in
the all too familiar background "hiss".
Although modern electronics
components have provided great
improvements in noise performance in
recent years, noise in audio circuits can
still be very troublesome at times, and
there can sometimes be a build-up of
noise which results in a poor signal-to-
noise ratio when using certain
combinations of equipment. Re-
recording material can also lead to a
build-up of noise.

Two useful ways of combatting
audio noise are to use either a noise
gate or an expander. These two devices
are very similar, but there is a very
important distinction between them. A
noise gate is rather like an automatic
switch which normally allows the input
signal to pass straight through, but cuts
off the output when noise only is
present at the input. Noise is most
obtrusive during pauses in the main
signal, and a noise gate can therefore
give a large subjective improvement in
performance.

An expander permits low level
signals to pass normally but at medium
and high signal levels, it gives a

progressive boost to the processed
signal. Thus the noise level remains the

same but the maximum volume level is
increased; or, the noise level can be
reduced with the maximum volume
level remaining the same; or, a

combination of the two, as desired. A
simple volume expander was described
in the January 1982 issue of Hobby
Electronics.

Whether a noise gate or an expander
is the best choice depends upon the
particular circumstances in which the
equipment will be used and, to some
extent, on personal preferences. A
disadvantage of an expander is that it
alters the dynamic levels of the
processed signal, whereas a noise gate
simply cuts off the noise during breaks
in the signal. A noise gate is therefore
normally preferable for use where
changes in dynamic level are
undesirable. However, a gate is likely to
be less satisfactory when the wanted
signal may, at times, be almost lost in
the noise, since it is then possible that
the gate might cut off the signal. A
noise gate is of most use when there is
a fairly strong noise level, but the
wanted signal is usually significantly
above this level.

The unit described here is a stereo
noise gate, although by using only one
channel it can obviously be used in
mono. Although expanders normally
process each stereo channel separately

it is preferable for a stereo gate circuit
to switch the two channels in unison,
as it can be rather disturbing if one
channel cuts out while the other is still
present! This circuit therefore switches
the two channels on and off
simultaneously - see How It Works for
an over -view of the system.

The Circuit
The full circuit diagram of the Stereo
Noise Gate is shown in Figure 1. It is
based on an LM1 3600N integrated
circuit, which is a dual operational
transconductance amplifier. An
operational transconductance amplifier
has features common with an ordinary
operational amplifier, but there are also
a number of important differences - a
transconductance amplifier provides an
output current (rather than an output
voltage), governed by the differential
input voltage, and it also has an
additional input which enables the gain
of the amplifier to be controlled over a
wide range, from zero up to about 20
dB. Note that a gain of less than one is
equivalent to attenuation!

In order to make a transconductance
amplifier operate as a voltage amplifier,
it is merely nec9f..:,, y to add a load
resistor at the output; R20 is the load
resistor for IC3a whit. R24 is the load
for IC3b. The current flow into the
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R6 R9
47k 4k7

5k6
R8

D2 10k

i13
00k

C2
100n

R2 I+C1
5k6 100u

R14
1k2

7 SK2
LEFT

OUTPUT
0

NOTES:
IC1 IS LF351
IC2 IS CA140E
IC3 IS LM13600
01 IS BC109C
01.04 ARE 1N4148

C9
10u

VV.
R25
15k

R21
3k9

Figure 1. Circuit diagram of the Stereo Noise Gate. Note that both channels are included.

R22
12k

C10
4u7

R26
390R

SK3
RIGHT

1.1 INPUT

R29
R23 R24 3k9
3906 10k

-0 +V
SW1 (9V)

ON/OFF

C12
100u

SK4
RIGHT

OUTPUT

-v
O(OV)

control input, rather than voltage,
determines the gain of the amplifier.
This is achieved by simply adding
resistors (R15 and R25) in series with
each control input so that the current
flow is proportional to the applied
voltage. Resistors R16 and R27 apply a
small bias current to the control inputs;
this gives the _uit about -20 dB of
gain (ie, 20 dB attenuation) in the high
attenuation mode, rather than
completely cutting off the output
signal, which usually gives more
satisfactory results. The circuit can be
made to operate as a true gate, if
preferred, by simply omitting R16 and
R27.

The LM13600N incorporates two
Darlington Pair output stages which are
used as emitter follower buffer stages,
to give the VCAs a low output

Figure 2. Pin
configuration for the
LM13600 dual
transconductance
op -amp.

DE LAY TIME
RV2

N 0

A B C

RV1 THRESHOLD

Figure 3. Overlay diagram for the Noise Gate.

SK1
LEFT
INPUT

AMP
BIAS DIODE

INPUT BIAS

16 15

INPUT INPUT
- OUTPUT

14 3 12

.v

11

BUFFER BUFFER
INPUT OUTPUT

10

AMP DIODE
BIAS BIAS

INPUT

F G

SK2
LEFT

OUTPUT

INPUT INPUT OUTPUT
/ -

H I

SK 3
RIGHT
INPUT

-V BUFFER BUFFER
INPUT OUTPUT

V (SVV11

-V
rERv-)

SK4
RIGHT
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 Project
impedance. R21 and R29 are the
iscrete load resistors for these stages.
The LM13600N has 'linearizing
diodes', which enable a higher input
signal level to be handled for a given
distortion level, and these diodes are
given the appropriate bias by R17 and
R28.

In order to operate as a voltage
controlled amplifier, a trans -
conductance amplifier must be used
open loop lie, without any negative
feedback). R1, R2, and C1 form a
centre tap on the supply rails and the
inputs of the two transconductance
amplifiers IC3a, b, biased to this
voltage by R18,19,23 and 26. R13
and R22 are used to reduce the voltage
gain through each section of the unit to
about unity (with a high control
voltage), and also to boost the input
impedance to a little over 12k.
The mixer stage is a conventional
operational amplifier, IC1, and gives a
voltage gain of about 47. Threshold
control RV1 is a volume control type
attenuator, and the output from this is
coupled to a high gain common emitter
amplifier based on Q1; the combined
gain of Q1 and ICI is needed in order to
boost weak input signals to a high
enough level to drive the subsequent
circuitry.

The output of Q1 is coupled by C6 to
a simple rectifier and smoothing circuit
(D1, D2, C5 and R8) and RV2 controls
the decay time of this circuit. Op -amp
IC2 is used as a simple inverting trigger
circuit, with positive feedback and
hysteresis provided by R12;

'hysteresis' simply means that the input
voltage at which the output triggers to
the high state is lower than that at
which it triggers back to the low state.
This prevents instability when the input
voltaga is close to the switching
threshold levels. D3 and R14 are used
at the output of the trigger to very
slightly slow the rise -time of the control

voltage, and to provide a slightly larger
slowing of the fall -time. This prevents
"clicks" from being introduced at the
output as the gate changes state.

Construction
An aluminium and steel instrument case
measuring about 152 x 114 x 44 mm is
used to house this project - it is about

0 N

BATTERY +V
(RED LEAD)

SW1

PCB PIN

SK4 SK3

JIGND) K(SIG) IIGND) H(SIG)

B C A

SK2 SK1

G(GND) F(SIG) D(GND) EISIG)

Figure 4. The internal wiring and connections inside the case of the Noise Gate.
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Project 
the smallest case that could be used to
accommodate all the parts. The three
controls are mounted on the front panel
and four sockets are fitted on the rear
panel of the case.

Apart from the battery, all the other
components are mounted on the printed
circuit board, and this is detailed in
Figure 3. As IC2 is a MOS device, it
should be fitted in an 8 pin DIL IC socket
and the normal MOS handling
precautions should be observed. Use
Veropins where connections to off -
board components will eventually be
made.

The completed board is mounted on
the base panel of the case using 6BA
fixings, including 6.3 mm spacers to
hold the connections on the underside
of the board clear of the metal case.
The unit is then completed by adding
the point-to-point wiring, illustrated in
Figure 4. Ordinary PVC covered
multistrand connecting wire is used
here; it is not necessary to use screened
leads.

In Use
The unit is intended for use with a high
level signal and can take inputs of 2
volts RMS or so without serious
distortion occuring. The threshold
voltage at which the gate switches to
the unity gain (zero attenuation) state
can be varied from about 1 mV RMS
(with RV1 set fully clockwise) to about
70 mV RMS. The best setting is likely
to be such that the noise signal alone is
not quite sufficient to trigger the circuit
to the zero attenuation state, but it is
worthwhile experimenting a little to find

the setting which gives the best
subjective results.

The circuit will respond very rapidly
to an input signal (fast attack), but the
decay - the delay between the
cessation of the main signal and the
gate switching to the high attenuation
state - can be varied from less than a

tenth of a second to more than two
seconds. A fast decay time will often
give best results, but it might
sometimes be found that the gate tends
to switch back and forth between the
two states fairly rapidly; a slightly
longer decay time should eliminate this
problem.

Parts List
RESISTORS
(All 14 watt 5% carbon)
R1,2 5k6
R3,4 100k
R5 4M7
R6 47k
R7,12 1M8
R8,20,24 10k
R9 4k7
R10 470k
R11 1M

12k
1k2

R15,17,25,28 15k
R16,27 220k
R18,19,23,26 390R
R21,29 3k9

R13,22
R14

POTENTIOMETERS
RV1 22k

log carbon
RV2 1M

linear carbon

CAPACITORS (All axial
electrolytics unless noted)
C1,12 100u 10V
C2,3 100n

C280 polyester

C4,5,8 2u2 63V
C6 1u 63V
C7,10 4u7 63V
C9,11 10u 25V

SEMICONDUCTORS
IC 1 LF351

JFET op -amp
IC2 3140E

MOSFET op -amp
IC3 LM13600N

dual transconductance amp
Q1 BC109C

silicon NPN transistor
D1-4 1N4148

silicon signal diode

MISCELLANEOUS
SK1-4 1/4" jack socket

standard metal chassis type
SW1 SPST

miniature toggle switch
Case (see Buylines); PCB; 6BA
nuts and bolts; Veropins; IC
sockets; knobs (2); PP3 battery,
clip, wire, solder etc.

BUYL INES page 34

THIS Noise Gate design is a stereo type
which uses a separate VCA (voltage
controlled amplifier) to process each
channel. With a low control voltage,
each VCA gives a substantial amount of
attenuation (about 20 dB - a 90%
reduction in the signal voltage, in other
words). A high control voltage gives
unity gain (zero attenuation) through
each VCA and the input signal is
effectively allcwed to pass straight
through.

Automatic switching - to zero
attenuation in the presence of a proper

LE FT 0INPUT

How It Works
input signal but high attenuation with
only noise applied to the input - is
achieved by first mixing the two input
signals and then amplifying them. The
amplified signal is then applied to a
rectifier and smoothing circuit to
produce a DC output level proportional
to the strength of the combined input
signals. this voltage is fed to a trigger
circuit which has a high output voltage
if the input voltage is above a certain
threshold level, and a low voltage if it is
not; this is the control voltage for the
VCAs.

RIGHT 0
INPUT

VCA

The circuit is adjusted so that with
only background noise present at the
input, the voltage fed to the trigger
circuit is below the threshold voltage
and the VCAs give a high attenuation
level. With a high input signal, in
addition to noise, the input voltage to
the trigger circuit goes above the
threshold level and the VCAs 'open'
producing zero attenuation. Thus the
required automatic attenuation of the
noise -only input signal is obtained.

0 LEFT OUTPUT

MIXER AMP

RECTIFIER
TRIGGER

VCA 0 RIGHT OUTPUT

HE
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Specially designed to let Grandad hear the telly clearly without
annoying the rest of the household, it will also double -up as a

general-purpose bench amplifier.

ALTHOUGH we loved the old man and
owed him a lot, Grandad was becoming
a pest with his complaints that he
couldn't hear the TV sound. For a while
we did our best, though the volume
was painful, but something obviously
had to be done about it - if not for
ourselves, then certainly for the sake of
the neighbours! Fortunately our TV set
is a modern one, with two headphone
sockets built in, so when we bought
him a pair of 'phones, we thought the
problem had been solved - but it
wasn't long before he refused to wear
them because he didn't like the voices
"inside his head" when they should
have been coming from the screen.
Anyway they became too

80-

60-

40-

0 -

NOTE: OdB = 2 10-5Pa

SENSITIVE
REGION

1."")

64 128 256 512 1024 2048 4096 8192

FREQUENCY (Hz)

Figure 1. The response curve for the
average person's sense of hearing (after
Fletcher and Muson).

uncomfortable for him, after an hour or
two. Another solution had to be found.

Grandad wasn't really deaf; he did
not need a hearing aid, as he could
carry on a normal conversation, but he
did find it difficult to follow
conversations on the telly. Strangely, it
seemed to us, he preferred the sound
from a small portable set to the one
with full range hi-fi reproduction.
Indeed, several factors seemed to be
involved, some of a general nature and
some peculiar to the elderly.

The diagram of Figure 1 shows the
average frequency vs intensity
response for an average person's
hearing. Clearly, the energy required for
a sound to be just audible varies greatly
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MIC IN

OV 0

C1
100n

14V2

R1

33

R2

01

R3

15V

C3
4u7

ova At

1C2
3k3 10u

R4
1k

R5
100k

2

PR1 c5
22k .100

ICI

7

14

7V4

C8
100u 0-

7V8 Ie7
100n

4u7

PINS 3,4,5, & 9,10,11,12,13 ARE ALL CONNECTED TO OV

15V2

NOTES.
IC1 IS LM380
Q1 IS 2N3819
LED1 IS TIL211
T1 IS 6V 10OrnA CT TRANSFORMER
BR1 IS 1A 50V BRIDGE RECTIFIER

SWI
SPEAKER C9 ON/OFF
OUT 1000u 0-0 L

LED1

0 E

Figure 2. The circuit; the input is high impedance adn wil accept any audio input of around
10 to 50 mV.

Parts List
RESISTORS
(All 1/4 watt 5% carbon)
R1 330k
R2,3 3k3
R4,6 1k
R5 100k

POTENTIOMETERS
PR1 22k

miniature cermet preset

CAPACITORS
(All radial electrolytic unless stated)
C1,5,7 100n

disc ceramic
C2,4 10u 16V
C3,6 4u7 35V
C8 100u 16V
C9 1000u 25V

axial electrolytic

SEMICONDUCTORS
IC 1 LM380

power amplifier
Q1 2N3819

FET transistor
BR1 50V1A

bridge rectifier
LED1 TIL211

0.2" green LED

MISCELLANEOUS
SW 1 SPST

mains toggle switch
Ti 6-0-6 1.2VA
Crystal microphone; centre -tapped
transformer; speaker (see
Buylinesl; Mains 'P' clip; mains lead
and plug (2A fuse); case (see
Buylines); 1/4 " jack socket (plastic);
LED bezel; PCB, wire, solder etc.

BUYLINES page 34

with frequency; very little sound
energy is needed if it is at the right
pitch, and the frequency range 2000
Hz to 4000 Hz is where the average
ear is most sensitive.

Anyone who has worked in long
range radio communication will know
that restricting the audio bandwidth to
between 500 Hz and 4000 Hz greatly
improves the clarity of the transmission
(especially in adverse atmospheric
conditions), and this seems to indicate
that, for speech, most of the essential
information is contained in that
frequency range.

Another factor, it seemed, was that
the elderly find it difficult to
concentrate on more than one sound at
a time. They are easily put off by
unwanted 'noise' - this is as much to
do with the way in which sound is
interpreted (psychoacoustics) as with

the sense of hearing. Hi-fi-quality
sound, with its extended frequency
range, produces too much 'noise' at
the upper and lower limits of hearing
which, for the elderly, masks the
information in the mid -range
frequencies. So, simply turning up the
TV sound was not the solution because
the unwanted frequencies are also
boosted (this, also is why deaf aids are
personally tailored to an individual's
frequency response curve).

Grandad's Specifications
So, with these points in mind, we were
able to write a specification for
Grandad's TV amplifier:

 The output frequency must be
tailored to peak at about 2000 Hz,
with little response below 500 Hz or
above 4000 Hz.

 The output should be directional,
so that it could be directed at Grandad,
not at us!

 The output level to be sufficient to
allow it to be placed near the TV
screen, to give it realistic 'TV sound'.

The first step was to select a small
loudspeaker, which automatically
restricted the frequency response to
the specified limits and -also produced a
degree of directivity. Unfortunately,
the power available from a headphone
socket is not sufficient to drive a
loudspeaker, so an amplifier had to be
designed and constructed. A single
integrated amplifier, the LM380,
proved adequate for the job, especially
as it needs very few external
components.

The price of batteries being what it
is (expensive!), a simple mains power
supply was built into the unit, together
with an on/off switch and a LED
power -on indicator. Since most TV sets
do not have a headphone output, the
circuit was adapted for general use by
incorporating a microphone input. A
crystal mic (use a short lead, because
of its high impedance) is quite
adequate, or a more expensive electret
type can be used with a longer lead, if
necessary. Dynamic microphones
contain a coil which will respond to the
varying magnetic field produced by the
video scan, so they cannot be used
here.
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SIG

GND-.

AC
MAINS

TO SPEAKER

Figure 3. The PCB layout, viewed from the component side. Large areas of copper have
been left to serve as a heatsink for the LM380 amplifier.

Grandad's Circuit
The microphone will give an output of a
few tens of millivolts when placed
fairly close to the loudspeaker with the
volume control set for normal listening,
and this is fed via coupling capacitor
C1 to a FET amplifier, Ql. This
provides the high impedance input
required for the microphone and a
voltage gain of between five and six.

A 4u7 capacitor, C3, couples the
output of the FET stage to the preset
volume control PR1, and C5 couples
the signal to the inputs of ICI , the
LM380 amplifier. This has an internally
fixed gain of 34 dB (50Vout/Vin), but it
is reduced to 20Vout/Vin by using a
'common mode' input, where part of
the input voltage is coupled to the
inverting input of the amplifier via the
100k resistor, R5.

Capacitor C6, connected to the
bypass pin (pin 1) of ICI de -couples
the internal bias of the amp, preventing
AC ripple on the output, while C7
performs the same function on the
supply line.

The output is fed to the speaker via
C8; together, C8 and the speaker voice
coil impedance form a high pass filter,
rolling off the response below 200 Hz
when an 8R speaker is used. The
speaker itself is the main factor in
shaping the frequency response; by
choosing a small 4" diameter unit and
monting it in an unsealed box, most of
the lower frequencies are attenuated,

while the mechanical properties of the
cone ensure that frequencies above
about 4 kHz are also 'lost'.

Finally, the amp is powered from a
simple DC supply derived from a
6V/100mA centre -tapped transformer
and a diode bridge; the ripple voltage is
filtered out by C9. LED 1 is included to
provide 'power -on' indication, with R6
to limit the current through the LED.

Construction
In order to improve the stability of the
amplifier (reducing the chance of it
becoming an oscillator), it is mounted
on a PCB which has a very large area of
copper. The unused pins of the IC are
soldered directly to these areas - do
not use an IC socket in this project!
This method also provides an effective
heat sink.

The layout shown in Figure 3 is
designed for a preset volume control to
be mounted on the PCB; should a full-
sized pot be required as a front panel
volume control, leads must be taken
from the PCB to the potentiometer
solder tags. The choice of preset or
variable volume control is left to the
constructor - perhaps the solution,
depends on how many "knob-
twiddlers" there are in the house!

Grandad's TV Amp can be built into
any enclosure large enough to hold the
components, including the speaker.
Our prototype was cased in a rather

classy custom-built box from Newrad
Instrument Cases Ltd (see Buylines for
the ordering details); this also has a
pre -drilled hole for a panel -mounted
volume control.

Operation
The problem with any microphone -
amplifying system is the risk of
acoustic feedback, which will occur
whenever the mic is picking up sound
from the loudspeaker. Steps must be
taken to prevent this from happening!

First, the best position for the TV
Amp is on the floor, or on a low table in
front of the TV set, so that the sound is
coming from the same direction.
Second, the mic should be placed as
close to the TV speaker as possible,
but without actually touching it. Then,
the preset or volume control must be
adjusted so that, at normal listening
levels, there is no trace of whistling or
"howl round" from the TV Amp.

In most cases, this arrangement will
be quite satisfactory though for very
deaf people, it may be necessary to
place the Amp closer to the listener and
to use a longer mic lead. If such is the
case, a crystal microphone should not
be used with a lead longer than about
three feet.

HE
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CASIO MAGIC from TEMPUS
WORLD'S FIRST THERMOMETER

WATCH

NEW

TS -1000

ONLY £24.95

 100m water resist
 Full display
 12/24 hour
 Thermometer
 Thermo alarm
 Daily alarm
 Time signal
 Pro. stopwatch
 World time

Resin case

WATER RESISTANT

Rugged, go anywhere sports watches. All have a full display
of time and auto calendar. Alarm and selectable half-hourly
time signal. Countdown alarm timer with repeat memory
function, ideal for dinghy racing. Professional 1 /100 second
stopwatch. Time is always on display, regardless of display
mode. Amazing 5/7 year lithium battery life. 12/24 hour
display.
Except for the W-35, the stainless steel case watches have a
protective black bezel. (2-450, W -450C1.

50 metre water resistant

W-24
£12.95

100m W/R

W-300
£17.95

100m W/R

W -450C
£19.95

Please also the J-30 under Jogging
watches.

We also stock Citizen watches and Casio,
Citizen and Seiko DiverS watches.

WORLD'S MOST
VERSATILE WATCHES

10 alternative displays -
over 60 useful functions

DAILY ALARM DUAL TIME rATZT,,DOWN STOPWATCH

" oe 50
8:35 :5:08

03
02 :4

-88
L -u

AX -250
(left)
£21.50

AX -5
Resin
£19.95

IF YOU SEE A BETTER OFFER
WE WILL BEAT IT

ANALOG/ DIGITAL
Analog time plus 12/24 hour digital dual
time, calendar, alarm, time signal, pro
stopwatch.
AA -86 LCD hands. Also has C/D alarm timer
£19.95
AQ-101 True analog hands, plus date
memory £39.95

GAME WATCHES
Calendar, alarm, time signal, pro. stopwatch

NEW

GOLF WATCH
CC -9 £17.95

When playing real
golf
Counts strokes at each
hole. Totals strokes
over 9 holes.
When playing Game
Par for each of 9 holes.
Distance from hole in-
dicator. Select golf
club. Select direction
of swing. Bunkers and

out of bounds. Stroke
counter. Memorises
lowest score.

RESIN

GM -30
£19.95

GM -40
£19.95

GM -30 Destroyer/submarine sea battle
game.
GM -40 Catch blocks from UFO and build
pyramid.

GAME/CALCULATOR WATCHES
Calendar, alarm, time signal, pro.

stopwatch.
Popular DIGITAL INVADER game

CA -86
'Resin
£19.95

CA -851
£29.95

ULTRA SLIM CALCULATOR WATCH
CS -821 Specifications as CA -851, below
centre, but without the game function. Only
6.6mm thick £24.95

MULTI -ALARM WATCHES
Daily alarm with pre -alarm; daily alarm with
post -alarm; weekly alarm (or extra daily
alarm); hourly time signal; Calendar; pro.
stopwatch.

CA -951
£29.95

GI O. MI

N;

M M-400
£29.95

CA -951 Calculator. 2 melody alarms.
CA -95 Resin version of CA -951 £19.95
MM -400 6 melodies. Monthly alarm or extra
daily alarm. Dual time. Time is always on
display.

JOGGING WATCHES
Calendar, alarm, time signal, pro. stopwatch.
Pacer signal for jogging and rhythmic sports.

J-30 J-100
£12.95 £15.95 £19.95

J-30 50 metre water resistant. Countdown
alarm timer. Input data: Pacer signals. Out-
put data: Elapsed time. 37.7 x 31.4 x 7.6mm
thick.
J-50 Countdown alarm timer. Input data:
Pacer signals, length of stride. Output data:
Elapsed time, distance covered.
J-100 as J-50 but with calculator function in-
stead of countdown alarm timer.

STANDARD WATCHES
Calendar, alarm, time signal, dual time, 1/10
second stopwatch.

F-85
Resin
£7.95

A-656
£9.95
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VALUE FOR MONEY GIFTS,
FREE ACCESSORIES WORTH 10%

of price on request with all
CASIOTONE KEYBOARDS

The world's fastest selling keyboards

GENERAL SPECIFICATIONS
All Casiotone keyboards (except VL-Tones) are polyphonic
- up to 8 notes can be played simultaneously. They all have
an integral amplifier and loudspeaker, plus output jacks for
headphones and external amplification.

DIGITAL SYNTHESISER

A RUNAWAY SUCCESS ALREADY
10 preset voices and 1,000 switchable sounds, with a pro-
tected memory for your 10 favourites. 5 -octave split
keyboard; programmable arpeggio/real time sequencer;
transposition. 41 x 36 x 141 inches. 22.5Ibs.

BAR-CODE PROGRAMMABLE
The 345 (max) note steps and 201 (max) chord steps can be
programmed by both Casio bar-coded music scores and/or
manual entry via the keyboard.
The Auto Play function, One -Key -Play function and Melody
Guide (lights above the keyboard show you the next note to
play), can teach you to play your programmed selection.
"One of the finest teaching aids so far developed." E&MM.

5 octave, split keyboard. 20 preset sounds with variable
vibrato and sustain. Fingered or auto chords with bass and
arpeggio. 16 rhythm accompaniments with fill-in. Two
sound effects. 5 x 371 x 131 inches. 27 .6Ibs.

MINI -PROGRAMMABLE

MT -70

A portable mini keyboard version of the CT -701. 4 octave
Inot split) keyboard. 10 rhythm accompaniments. Without
the two sound effects, it is otherwise very similar to the
CT -701. Battery or mains powered, with optional mains
adaptor. 2/ x 25 x 71 inches. 6lbs.

PORTABLE 4 OCTAVE EASY -PLAY

MT -60

XX XXX
XX XXX

XX XXX \XXX\

£149
25 voices with sustain and vibrato. 8 rhythm accom-
paniments with 'Intro/fill-in' function. Easy -play auto
chords, bass and arpeggio. 21 x 25 x 71 inches. 5.5Ibs. Bat-
tery or mains.

OTHER CASIOTONES
CT -403 £275. MT -40 £99. MT -31 £69. VL-5 £79.95. VL-1
£35.95. VL-10 £26.95.

FREE 1982/3 CATALOGUE
AVAILABLE ON REQUEST

Don't forget -
IF YOU SEE A BETTER OFFER WE

WILL BEAT IT!

ELECTRONIC GAMES

CG -100
Space Shuttle

[12.95

CG -20
Money & Bomb

£12.95

CG -10 and CG -20 are powered by solar cells and do not re-
quire batteries. Two very skilful games.

BG-20 Boxing Game
f16.95

A new version of the
very successful
BG-15. Now has a full
screen with the
calculator at the side.
Clock and alarm
functions.

***I BOXING GAME ITrol

CALCULATOR GAMES

8.0 f6 38

- --E.

MG -880 £10.95 MG -885
Digital Space Invaders

010010
MG -777
£14.95

MG -777 3 games - A speed game, a game of skill and a
guine of chance. Built-in clock function. £14.95
MG -888 (not shown) compendium of 3 games £10.95

ALARM CLOCK COMPENDIUMS
BG-15 Boxing Game. Clock, alarm, calculator £14.95
FT -7 Fortune Teller, Matchmaker, Calendar £14.95
BQ-1100 Biolator Alarm clock, calendar £16.95

MELODY ALARM CLOCK CALCULATORS

7T2ri -J C.)1

UC-365 £19.95 UC-360 £19.95
3 melodies, universal calendar, date memories, 2 date
alarms, daily alarm, countdown alarm/stopwatch, time
memory. UC-365 wallet size. UC-360 card size.

PORTABLE COMPUTERS
Details on request

BASIC FOR BEGINNERS
CASIO
PB-100
Learn As
You Go
f69.95

G.

4.°0too0 I

Now you can enter the exciting new world of computers
with this easy to understand system.
FX-801P Casio's latest masterpiece. A high speed computer
with integral micro -cassette data control and hard copy
printer monitoring £349
FX-700P NEW scientific OWERTY computer £79.95
FX-702P The established favourite £79.95
SHARP PC -1500 BUSINESS COMPUTER £169.95

SCIENTIFIC CALCULATORS

Dims: 19 x 76.5 x 149mm
FX-7 8d, 231, (1311 £9.95
FX-100 10d, 42f, SD, R/P, 11611

£14.95

Wallet size
FX-550 10d, 48f, SD, R/P, 1160

£15.96
FX-900 8d, 41f, SD, R/P, 111511, b
SOLAR £17.95
FX£950 10d, 49f, SD, R/P, 111511,
H, b SOLAR f19.96

FX-8100 8 + 2d, 46f, SD, R /P, 1(511, H, b 1 year. Clock,
calendar, 1/100 stopwatch, alarm, hourly chimes and 2
countdown alarms. Wallet size £19.95

PROGRAMMABLE SCIENTIFICS
Wallet size, with wallet. Non volatile memory

FX-3600P 10 + 2d, 50f, SD, R/P, 11181), Integrals, Regres-
sion. 2 program areas, 38 program steps, 7 memories £22.95
FX-602P Plus FREE Program Pack worth £9.95 £69.95
10 + 2d, 50f, SD, R/P, 113311. 10 program areas, up to 512
steps, up to 88 memories. Alpha/numeric.

SINCLAIR SPECTRUM SOFTWARE
Professional quality software from MiCROL

USE AND LEARN Vol. 1 25 BASIC PROGRAMS on
cassette tape plus SUPERB 100 PAGE BOOK £9.95
USE AND LEARN Vol. 2 30 MACHINE CODE ROUTINES.
On tape plus 50 PAGE BOOK £9.95
THE DATABASE The best? 48K only £9.95
THE SPREADSHEET The best? 48K only £9.95

BE AN AGENT
Sell our products to your friends

and family and earn yourself
10% commission

r- EN INN SIN NM - In MI =I - =I =I IMO

TEMPUS, 38 Burleigh Street, CAMBRIDGE CB1 1DG
Please supply/send details of

I
Price includes VAT, P&P. Delivery normally by return, sub- i
ject to availability. Send cheques, PO, or phone your AC-

CESS/VISA number to:

TEMPUS; Address

Total £

Name

enclosed, or debit my ACCESS/VISA card number

Dept HE, 38 Burleigh Street,
Cambridge CB1 1DG I

Telephone 0223 312866 I
HE

I
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YOUR GUIDE 70 THE WORLD
OF MICROPROCESSORS

MICRO PROFESSOR
A low cost tool for learning,
teaching & prototyping.

Micro -Professor is a low-cost
Z80 based microcomputer which
provides you with an interesting and
inexpensive way to understand the
world of microprocessors.

Micro -Professor is a complete
hardware and software system
whose extensive teaching manual
gives you detailed schematics and
examples of programme code. A
superb learning tool for students,
hobbyists and microprocessor
enthusiasts, as well as an excellent
teaching aid for instructors of
electrical engineering and computer
science courses.

The Micro -Professor is much
more than a teaching device. Use it
for bread boarding and prototyping,
designing your own custom
hardware and software applications
with Z80, 8080 and 8085 compatible
code.

The standard 2K bytes of RAM is
expandable to 4K, and the standard
2K bytes of ROM can be increased
to 8K.

All this plus built-in speaker, a
cassette interface, and sockets to
accept optional CTC/PIO. Bus is
extendable.

As well as being an exciting
learning tool, the Micro -Professor
is a great low-cost board for OEM's.

VII.
:NORM:

NOON
N OON OOOOOO

1611111:::

IF SFr
gm:

Flight Electronics Ltd.

Micro -Professor

7995
EPB-MPF EPROM
Programming Board
£84.95 + p&p
For all + 5V KP/21<8/4KB
PROMS Read/Copy/List/

Verify Capability.

SSB-MPF Speech
Synthesizer Board
£69.95 + p&p
A vocabulary of up to 400
words based on the TMS
5200 chip.

PRT-MPF Printer
Board £74.75 + p&p
Memory dump
BASIC program Long
Z80 disassembler

Micro -Professor is a trade mark of Multitech Industrial Corporation.
Z80 is a trade mark of Zilog

Complete the coupon today! Please allow 28 days for delivery.

Please send me Price Oty p&p
Micro -Professor E79.95 £2.95

SSB-MPF board £69.95 £2.95

EPB-MPF board £84.95 £2.95
PRT MPF board £74.75 £2.95

Total

I enclose cheque/P.O. for £

,5af_ Mail order only  Trade enquiries welcome  Bulk order discounts  Prices include VAT

HE

Name
Address

Flight Howe, Quayside Rd, Southampton, Hants S02 4AD
Tel: 10703) 34003/27721. Telex: 477793 ptx
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Feel like sounding off?
Then write to the Editor stating your Point Of View!

New Devices for Old Effects
Dear Sir,
With regard to your Fuzz -Box project in
the February '82 HE, please could you
inform me where I can obtain the
BC650 transistors, as I have been
unable to find them listed in any
catalogue.
Graham Walsh,
Pudsey.

When the Noiseless Fuzz -box was
designed, the BC650 transisitor had
only recently come on to the
constructors' market. Consequently it
was difficult to obtain (one source was,
and still is, Magenta) and we had to do
a lot of leg -work to seek out suitable
suppliers. Now, however, it has proved
to be quite popular and should be
available from the larger semiconductor
stockists. Incidentally, it does no harm
to ask about a component that doesn't
appear in a given advertiser's list. Once
the enquiries start flooding in, most
companies will obtain stocks from the
distributors.

Echoes On The Line
Dear Sir,
I tried to 'phone you for clarification of
the HE Echo-Reverb (May '82, pages
33-37) but apparently you are no
longer on the phone (why not pay the
bill?). Two points: the circuit and layout
differ for the diodes, and the circuit and
Parts List differ on the value of R15.
Are there any other discrepancies?

Do pay the phone bill - it's such a
long wait by Post Office Non
Communications system.
H. W. Fletcher,
Marlow Bottom,
Bucks.

The HE Gremlins chose our Echo-
Reverb unit for their piece de resistance
- and they really did a job on it. The
full list of errors are given in the reply to
the following letter. Our apologies to all
concerned; the Gremlins have been
dealt with!

Our phone bill has been paid, but it
won't help you - we cannot take
enquiries and produce a magazine
every month, and if we didn't produce
the magazine, you'd have nothing to
enquire about, would you?

Designer on the Dole
Dear Sir,
For an eight month old dole freak like
myself, the HE Echo-Reverb met a very
real need.

Some months ago I had scraped up
the pennies and lashed out on two

TDA 1022 ICs with a view to designing
my own phaser/flanger/chorus/echo/
reverb. Needless to say I found myself
hopelessly out of my depth (even with
the Mullard spec sheet to hand)! To cut
a long story short, my courage has
been rewarded by the appearance of
your design (heaven-sent!).

Thanks! I now hope to proceed with:
switchable clock timing capacitors for
phase/flange/chorus/echo and possibly
a sine -wave modulator for the VCO
input of the 4046 clock. (I fear a saw -
tooth oscillator would be prone to
spikes and hence 'clicks' in the output.

Please keep up the cost pruning!
Thanks again.
D.P. Allen,
Wembley,
Middlesex.

The Echo-Reverb (HE May '82) has
been one of our more popular projects.
For a modest outlay and with careful
setting -up, the unit will produce
varying degrees of reverberation and
echo. However, as with some other
projects of this standard, a few errors
crept into the printed article. So, to all
readers who've had a few problems,
here's the list - exhausative, we hope!
p. 34 Figure 1. RV2 wiper comes

from pin 9 of IC 1.
D2 is shown
inverted (ie. cathode
goes to OV).

p. 36 Figure 2. The end tags of
RV2 are connected
to +15 and OV
supply rails.
Transformer should
be 9-0-9 V.

p. 37 Parts List RV1 should be 47K
log.
RV4 should be 22K
log.
The transformer
should be 9-0-9 V.
R1 5 should be 27K.

A Better Building Block
Dear Sir,
I enjoyed the series of articles Into
Electronic Components. As a now
regular reader of your magazine,
however, I must say the most
interesting and informative articles to
date are the "Building Blocks" - I
would appreciate more of the same.
Detailed information on ICs, etc. is of
great value, too.
A. Easom (G40P1),
Scarborough,
N. Yorkshire.

We are pleased that you appreciate the
Building Blocks series. A great deal of
work goes into researching the

information and presenting it in a form
that is easy to understand. However,
details of applications for ICs and
general constructional info can also be
found in our How It Works sections,
and Breadboard pages. And in this
issue we start a special Building Blocks
series on ICs used in mirocomputers,
called Components for Computing.

A Better Class of Meter
Dear Sir,
Having read copies of various
electronic magazines, may I say that
yours is very enjoyable and you can be
sure that I will buy HE every month in
future.

Is it possible to construct a
voltmeter of range 0-16 V DC with a
digital LED seven segment display,
calibrated to read to a tenth of a volt?

If so I would be grateful if you could
supply me with any relevant
information including circuit diagrams,
etc.
Paul Humphries,
Newcastle upon Tyne,
Co. Durham.

Thanks for the compliment, although
we'll answer your questions (usually)
even if you're rude about us! It's not
only possible to build this voltmeter,
but we have just done one in the
August '82 issue, and with a better
specification, at that.

A Little Ingenuity
Dear Sir,
In the Three -Aspect Signal Lights
project (September '82) you suggest
fitting micros witches to the points to
obtain the required switching. Those
modellers who have PECO points can
use the PECO "accessory switch".
This clips to the point motor (if fitted). I
see no reason why this neat unit
cannot be fitted to other makes of
points, with a little ingenuity. I think
this project has been one of your best
yet. It would be ideal for large club
layouts where there is more than one
operator.
Yours in electronics.
M. Wilkins,
Ipswich,
Suffolk.

A double thanks to Mr. Wilkins; first for
the comments and second for the
information on accessory switches. We
are always happy to pass on tips from
readers who can provide extra info
about any of our projects! Thanks too,
to Dr. D.L.H. Bloomfield, who designed
that model project, but who was not
properly credited in the article. HE
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ELECTRONIC IGNITION
Makes a good car better

TOTAL ENERGY DISCHARGE electronic
ignition gives all the well known advantages of the best capacitive
discharge systems.

PEAK PERFORMANCE higher output voltage under all
conditions.

IMPROVED ECONOMY no loss of ignition performance
between services.

FIRES FOULED SPARK PLUGS no other system can better the
capacitive discharge system's ability to fire fouled plugs.

ACCURATE TIMING prevents contact wear and arcing
by reducing load to a few volts and a fraction of an amp.

SMOOTH PERFORMANCE - immune to contact bounce and
similar effects which can cause loss of power and roughness.

PLUS
SUPER POWER SPARK 3% times the energy of ordinary

capacitive systems - 3Y2 times the power of inductive systems.

OPTIMUM SPARK DURATION 3 times the duration of ordinary
capacitive systems - essential for use on modern cars with weak fuel
mixtures.

BETTER STARTING full spark power even with low
battery.

CORRECT SPARK POLARITY unlike most ordinary C.D. systems
the correct output polarity is maintained to avoid increased stress on the
H.T. system and operate all voltage triggered tachometers.

L.E.D. STATIC TIMING LIGHT for accurate setting of the engine's
most important adjustment.

LOW RADIO INTERFERENCE fully suppressed supply and absence
of inverter 'spikes' on the output reduces interference to a minimal level.

DESIGNED IN RELIABILITY an inherently more reliable circuit
combined with top quality components - plus the 'ultimate insurance'
of a changeover switch to revert instantly back to standard ignition.

IN KIT FORM it provides a top performance
electronic ignition system at less than half the price of competing ready -
built systems. The kit includes everything needed, even a length of solder
and a tiny tube of heatsink compound. Detailed easy -to -follow instructions,
complete with circuit diagram, are provided - all you need is a small
soldering iron and a few basic tools.

AS REVIEWED IN
ELECTRONICS TODAY INTERNATIONAL June '81 Issue
and EVERYDAY ELECTRONICS December '81 Issue

FITS ALL NEGATIVE EARTH VEHICLES,
6 or 12 volt , with or without ballast

OPERATES ALL VOLTAGE IMPULSE TACHOMETERS
Some older current impulse types (Smiths pre '74) require an adaptor -
PRICE £2.95

STANDARD CAR KIT £15.90
Assembled and Tested £26.70

TWIN OUTPUT KIT £24.55
For MOTOR CYCLES and CARS with twin ignition systems

Assembled and Tested .f36.45

ELECTRONIZE DESIGN
Dept. E, Magnus Road, Wilnecote

Tamworth, B77 5BY
Phone: (0827) 281000

PLUS
£1.00
U.K.
P. & P.
Prices
Include
VAT.

' VISA

DIMENSIONS: Length 12.5 cm
Width 8.9 cm
Height 4.3 cm
Lead length 100.0 cm

TECHNICAL DETAILS
The basic function of a spark ignition system is often lost among claims
for longer 'burn times' and other marketing fantasies. It is only necessary
to consider that, even in a small engine, the burning fuel releases over
5000 times the energy of the spark, to realise that the spark is only a
trigger for the combustion. Once the fuel is ignited the spark is insignificant
and has no effect on the rate of combustion. The essential function of the
spark is to start that combustion as quickly as possible and that requires
a high power spark.

The traditional capacitive discharge system has this high power spark
but, due to it's very short spark duration and consequential low spark
energy, is incompatible with the weak air/fuel mixtures used in modern
cars. Because of this most manufacturers have abandoned capacitive
discharge in favour of the cheaper inductive system with it's low power
but very long duration spark which guarantees that sooner or later the fuel
will ignite. However, a spark lasting 2000pS at 2000 rev/min. spans 24
degrees and 'later' could mean the actual fuel ignition point is retarded
by this amount.

The solution is a very high power, medium duration, spark generated by
the TOTAL ENERGY DISCHARGE system. This gives ignition of the
weakest mixtures with the minimum of timing delay and variation for a
smooth efficient engine.

SUPER POWER DISCHARGE CIRCUIT A brand new technique
prevents energy being reflected back to the storage capacitor, giving 3%
times the spark energy and 3 times the spark duration of ordinary C.D.
systems, generating a spark powerful enough to cause rapid ignition of
even the weakest fuel mixtures without the ignition delay associated with
lower power 'long burn' inductive systems.

HIGH EFFICIENCY INVERTER A high power, regulated inverter
provides a 370 volt energy source - powerful enough to store twice the
energy of other designs and regulated to provide sufficient output even
with a battery down to 4 volts.

PRECISION SPARK TIMING CIRCUIT This circuit removes all
unwanted signals caused by contact volt drop, contact shuffle, contact
bounce, and external transients which, in many designs, can cause timing
errors or damaging un-timed sparks. Only at the correct and precise
contact opening is a spark produced. Contact wear is almost eliminated
by reducing the contact breaker current to a low level - jat sufficient to
keep the contacts clean.

TYPICAL SPECIFICATION

SPARK POWER (PEAK)

SPARK ENERGY
(STORED ENERGY)

SPARK DURATION

OUTPUT VOLTAGE (LOAD 50pF
EQUIVALENT TO CLEAN PLUGS)

OUTPUT VOLTAGE (LOAD 50pF + 500 KO
EQUIVALENT TO DIRTY PLUGS)

VOLTAGE RISE TIME TO 20 KV
(Load 50pF)

TOTAL ORDINARY
ENERGY CAPACITIVE

DISCHARGE DISCHARGE

140 W 90 W

36 mJ 10 mJ
135 mJ 65 mJ

500 pS 160 pS

38 KV 26 KV

26 KV 17 KV

25 pS 30 NS

TOTAL ENERGY DISCHARGE should not be confused with low power
inductive systems or hybrid so called reactive systems.
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Famous Names 

Jean Baudot
Ian Sinclair

BAUDOT - the name might ring a few
bells if you are into computing: drop the
last two letters and you get baud, which
is a unit for the speed of transfer of infor-
mation. The old-fashioned teleprinter,
for example, operates at a rate of 110
baud, but a modern cathode-ray terminal
may work at 2400 baud or higher. Hav-
ing established the connection, let's look
at the story of J. M. E. Baudot.

Jean Baudot was born in 1845 at
Magneaux in France, and you will search
in vain for details of his early life, unless
you are prepared to look through a fairly
large library. You won't find his name
mentioned, often; it's the usual problem
- a brilliant engineer whose name has
entered our language hardly gets a men-
tion, even in his own country.

He seems to have had the conven-
tional schooling of the French middle
classes at the time, which was, inciden-
tally, one of considerable social unrest,
with minor revolutions breaking out all
over Europe. His firm interest, from the
time that he left school, was the growing
technology of the electric telegraph, and
it was to this that he turned his attention
when the time came to earn his own liv-
ing.

Dots and Dashes
In these early days, the universal code
for telegraph use was Morse code,
which relies on the use of two types of
electric impulse, a long (dash) and a
short (dot) - the form of the code is
shown in Figure 1. Now there is nothing
wrong with this as a code, and it is used,
to a limited extent, to this day, but it was
devised in 1832, long before electrical
communications began to evolve into
the systems that were beginning to be
commonly used in the 1870s. Baudot, in
particular, thought that the use of Morse
code was very restricting. In 1874, he
was working on the development of
what we now call time -multiplex
telegraphy, which allowed one telegraph
line to carry several sets of messages
between different sets of transmitters
and receivers, with no interference bet-
ween the signals. The system that he
was working with was a completely
mechanical one; each signal source was
connected to a separate contact of a
group arranged in a circle, over which a
revolving contact, like the brush of a
dynamo, revolved at high speed, con-
necting each contact in turn to the single
telegraph line. The current return was
through the earth, which is why we use
the term "earth" to mean current return
path to this day. At the receiving end, a
similar arrangement was used to con-
nect the signals from the telegraph line to
the different receivers but obviously, the
sytem could operate correctly only if the
motors driving the rotating contacts
were synchronised.

Another of the problems of using this

system with Morse code was that each
dash was liable to be broken up, by the
action of the rotating brush, into a series
of dots, on different channels; unless the
speed of the brush was varied, so that it
spent more time on a contact transmit-
ting a dash than on one transmitting a
dot, it inevitably scrambled the
message. Many other people, at the
time, were trying to synchronise the
movement of the rotating brushes to the
varying dots and dashes of Morse code,
but Baudot came up with a completely
different answer.

DOT

(KEY TAPPED)

DASH

(KEY HELD DOWN
FOR THREE TIMES

AS LONG AS THE DOT)

A=
B=  
c=
D=   

Figure 1. International Morse Code. The
length of the pulse determines the
meaning - dot or dash.

MORSE
KEY

47

TO OTHER MORSE KEYS

EARTH
RETURN

TRANSMIT
LINE

Figure 2. Early multiplex telegraphy.

THE PULSES ARE OF THE SAME
rLENGTH, BIPOLAR (+VE AND -VE)

1 0

MONOPOLAR PULSE

1 1i1 0
1 1

0
1

0 1
1

1* AND 0)

A  0 0 0
B  0 0 
C 0  0  ZERO OR -VE

 0 0 0 0 MARK OR *VE

z  0 0 0  ,
Figure 3. The modern 5 -bit code. The
bipolar version (top) is preferred because
the difference between signal levels is
easier to detect. This signal later
became standardised as RS232.

A name to ring
bells with.

Digital Codes
His approach was to use an entirely dif-
ferent code, one which used what we
would now call digital signals - on and
off - as distinct from the Morse code
signals of 'long' and 'short'. The impor
tant point about Baudot's signals was
that they were separated by equal time
intervals. For example, if we take the
two Morse signals, R (. - .) and S
( . ), the time between the first and
last dots of each letter is not the same,
because the middle dash of the R takes
about three times as long as the middle
dot of the S. Baudot devised a new
5 -digit code, using pulses and spaces of
equal length, so that the time needed to
transmit a five -character message was
always the same. This was the
breakthrough that multiplex systems
needed because the speed of the
rotating contact (commutator) could
now be synchronised to the pulse rate of
the code.

Baudot patented his five -unit code in
1874. Five digits gave a choice of 32
characters, so that the early Baudot
codes allowed the transmission of the
letters of the alphabet (upper case) plus a
few punctuation marks and operator
signals (eg, BELL), but no digits. A later
version of the code used seven digits and
it is this version which has evolved into
the ASCII seven -bit code that is used
almost universally in computers.

The Baudot code was a major step
forward in telegraphy because, as well
as permitting more efficient multiplex-
ing,it also permitted the faster develop-
ment of the logical accompaniment to
multiplexing - mechanical methods of
sending and receiving telegraph signals.

The transmitter was primitive - if the
operator released the key too soon, the
wrong character would be sent - but it
was a step forward from manual
transmission. It was soon superseded by
other methods.

Baudot's equally ingenious receiver
used a method that was to remain cur-
rent right up to the time when fully elec-
tronic printers were developed. It can
still be seen, with some modern im-
provements, in some Telex terminals. It
all looks like a mechanical nightmare -
and anyone who has tried to get an old-
style teleprinter going will agree that it is.
Baudot's work vastly improved the rate
at which data could be transmitted, and
the principles which he established are in
use to this day, although the methods
have changed - for the better! Baudot
code was not entirely logical and it was
improved by Don Murray in 1903, so
that the modern 5 -bit code and its 7 -bit
successor are often known as Murray -
codes rather than Baudot codes. The
principles, nevertheless, are those of
Baudot, and a good reason for immor-
talising his name in the term "baud
rate".
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mo-isinstror 14
ANNOUNCING THE NEW MAIL ORDER DIVISION OF THE
GRENSON GROUP. VAST STOCKS AND COMPUTER CONTROLLED
OPERATION HAVE ASSURED VERY COMPETITIVE PRICES.
SEE FOR YOURSELF!

BENCH POWER SUPPLIES
As featured in Feb 82 'Practical Electronics'.

KIT BUILT
Unit 113PU1 I £35 £59
P x P £3.35 £3.35
V.A.T. £5.75 £9.35

Triple output unit (1 ± 15V and +5V) available shortly.

The Grenson Group have over twenty years experience designing power supplies.
Contact us now and we will try to solve your problem.

LARGE ELECTROLYTICS.
Sprague/General Electric made - computer grade - ideal for power supplies - ONLY
£2.50 EACH!

185,000 @ 15V,300,000 @ 7V, 120,000 @ 15V,100,000 @ 30V,
71,000 @ 40V, 60,000 @ 40V, 9,000 @ 50V

SMALL ALUMINIUM ELECTROLYTICS.
Axial Leads. Radial Leads
uF V Price uF V Price uF V Price
1000 6.3 15p 470 16 15p 470 16 15p

22 10 05p 4.7 25 05p 1000 25 25p

100 10 05p 330 25 15p 220 40 25p
22 16 05p 680 25 25p 470 40 25p

OLD TIMERS SECTION.
0C44 70p 0C45 37p
0C35 90p 0C25 75p

2S024
0084
0083

200p
25p
40p

0C139
0C41
OAS

70p
60p
10p

0071 34p OC70
OC16 200p 0C170
(antique!)
0C140 75p 2S307
2S301 80p 0076
0A7 15p 0A10

uF V Price
47 50 10p

4.7 63 05p
100 63 15p
27.0 63 20p

36p 0C42 70p
44p 0C22 150p

85p 2STO1 80p
40p 0073 40p
15p 0A47 10p

MIXED BAGS.
CAPACITORS - 30 ASSORTED VALUES ONLY f1.00!

TRANSISTORS - 20 SMALL SIGNAL PLASTIC - n.p.n. - 1 p.n.p. ONLY f1.50.

LISTS AVAILABLE ON REQUEST.

RESISTORS.
We have, amongst others, the following resistors in stock: -
Over 11 million 1 watt carbon film.
Over-; million watt metal oxide.
Over million wirewound.
Further stock listed in our free catalogue.

Typical Prices.

watt carbon
1 watt metal oxide
6 watt wirewound

SERIES 74 I.C.'s
Comprehensive stocks, competitively priced.
Simple gates from only 10p.
See our free catalogue for details.

1-9
2p
6p
25p

I.C. SOCKETS
14 way - 10p.
46 way - could be broken to make smaller strips - 25p.
16 way - gold pins - 20p.

TRANSISTORS.
AC107 30p AC126
BC149 7p BC159
BC212L 9p BC213L
BC337 13p BC558
BF198 13p BF199
2N706 15p 2N1131
2N3702 10p 2N3705
2N5172 15p 2N5179

30p
12p
9p

14p
15p
20p
10p
30p

10-99 100 +-

11p 1p
4p 3p
15p 12p

AC188 27p ACY17 66p ACY19 65p
BC171 10p BC173 10p BC212
BC237 12p BC308 13p BC327 18p
BF115 29p BF194 13p BF197 13p
BFR40 20p BFX29 25p BFY90 60p
2N1132 20p 2N2222A 20p 2N2369A 15p
2N3711 10p 2N3904 15p 2N4061 10p

VOLTAGE REGULATORS AND P.S.U. COMPONENTS
+ 5V 1A TO220 50p 12V lA TO220
+ 5V 1 5A TO3 1.50p 12V 1 5A TO3
- 5V 1A TO220 .50p +15V 1A TO220
- 5V 1.5 TO3 2.00p + 15V 0.5A TO3
+ 6V 0.5A TO220 .50p -15V 1A TO220
+12V 0.5A TO220 .50p - 18V 1A TO220
+ 12V 0.5A TO3 .90p - 24V 1 A TO220
+ 12V 1.5A TO3 1.50p

2N3055 .35p, 2N4347 (120V) 1.50p, 2N6258 1250W) 1.80p, 400 mW Zeners .05p
723 .30p

* SPECIAL OFFER * SPECIAL OFFER * SPECIAL OFFER *
For every order received in December 1982 of a value greater than ft 0.00, a free bag of assorted
components worth at least f2.00 will be sent with the order. Please allow 21 days for delivery.

.50p
2.00p
.50p
.90p
.50p
.50p
.80p

Dept. Cl High March, Daventry, Northants NN114HQ.
Tel: 03272 5523 Telex: 311245 GRENEL G.

Please add 50p per order postage and packing plus 150/o VAT on total. No VAT on
overseas orders, postage at cost. Cheques and -

postal orders made payable to Emos
Limited. Send large SAE for comprehensive
catalogue.

111111111111

HE Microlog
Our prototype was built into a standard
Verocase, code 65-2523E, however
because of the amount of drilling and
marking involved, we had a chat with
Newrad Instrument Cases, who have de-
signed a suitable case for the Microlog.
It is available from them (their address
is printed elsewhere in this column)
for £7.90 including VAT, p&p, com-
plete with screen printed front panel
and all holes drilled and punched.
The lever switch is a Post Office type
1000.

Tape/Slide Synchronizer
There should be no problem obtaining
the parts for this project; just remember
that the relay is a 12V, 2 -pole submini-
ature (ie PCB mounting) type, and
choose the jack sockets to fit your
sound system.
Phase Four
If your local supplier does not stock the
TL064, it is always available fromTech-
nomatic, who also stock the 2N5457
FETs; a TL084 can be substituted for
the TL064, if you are willing to accept
increased battery usage. Once again, the
custom case for our prototype was
made by Newrad Instruments (see else-
where in this column for their address).
Intruder Alarm
All the components contained on the
PCB should be easy to obtain. The
remainder will vary in availability
according to the sort of system you
envisage. However as a guide, suitable
sirens can be bought from Greenweld.

A source for most of the other
switches, mats and foils etc is Maplin.
Stereo Noise Gate
Most of the components are readily
available and you should be able to get
the thing working within a few hours.

The low voltage electrolytic is sold
by Greenweld, who also stock a range
of suitable cases. Other sources for a
case are Lightning and West Hyde.

Big Ear

A complete list of parts for this project
is available from Bewbush Audio, 26
Hastings Road, Pound Hill, Crawley,
Sussex. The cost of the kit is £15.00,
including VAT, post and packaging.
TV Amp
Newrad Instrument Cases
have produced a case for our proto-
type, as shown in the photograph; this
is available for £5.00, plus posage. New-
rad Instrument Cases are at Tiptoe Rd.,
Wootton, New Milton, Hants BH25
5SJ.
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Components
Use this
from suppliers

Order
convenient form

advertising

Form
to order components
in Hobby Electronics!

PART CODE UNITS PRICE COST

Hobby Electronics Component Order Form POSTAGE AND PACKAGING
N.B. Hobby Electronics is not a suppler of electronic components

Name
LESS CREDIT VOUCHERS ETC.

Address
TOTAL

VAT (15% if applicable)

Signature Tel. TOTAL INC. VAT

*Delete as necessary

Debit my *Access/*Barclaycard

My Cheque*/Postal Order*/International Money Order* for £ is enclosed.
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illEMEI
7400 114
7401 lb
7402 114
7403 lb
7404 124
7406 tb
7406 104
7407 lap
74013 sip
7403 144
7410 .4
7411 lip
7412 144
7413 lip
7414 lb
7416 1Sp
7417 bp
7420 144
7421

by
7422 240
7423 lip
7425 lip
7426 01p
7427 lb
7428 lip
7430 144
7432 lb
7433 240
7437 724
7438 224
7440 1114

7441 564
74454 3%
7443 704
7446 5%
74A8A 5%
74474 lip
7448 454
7461 154
7463 lip
7404 1141

7400 164
7470 904
7472 21,
7473 Z54
7474 lip
7475 224
7476 254
7480 40p
7481 1204
7482 464
71193.4 30.
7484 bp
Jab bp
7486 194
7489 1704
74800 204
7491 364
74924 25p
74930 244
7494 36p
74964 354
7496 354
7497 504
74100 404
74107 224
74109 254
74112 1704
74116 504
74118 554
74119 034
74120 034
74121 254
74122 304
74123 lip
74125 304
74129 30p
74128 344
74132 30p
74136 2114

74141 554
74142 1714
74143 bop
74144 2004
74145 404
14147 744
74148 bp
74150 504
741514 304
74153 314
74154 504
741165 384
74156 404
74157 304
74159 754
14160 by
74161 40p
74162 404
74163 404
74164 464
74165 4%
74168 4
74167 1504
74170 1204

alp

74173 504
74174 554
74175 504
74176 404
unn 454

74178 70p
74180 0%
74181 1154
74182 404
741844 904
74185 90p
74186 470p
74188 2504
74190 464
74191 454
74192 464
74193 464
74194 404
74195 404
74196 404
74197 404
74196 0110
74199 10p
74221 654
74251 464
74273 1204
74278 1404
74279 404
74283 504
74224 sib
74290 lip
74293 404
742% 55%b
74351 5

74365 5%
74366 354
74367 364
74369 30p
74376 1004
74390 754

74490 964

745154 10p
74/5156 304
745156 344
7411167 So
7415158
7413160 31p
745141 lb
74/5182 Nap
7411163 30p
745164 409
741186 60p
745188 by
741-5170 7017
7415173 564
745174 404
74/5175 bp
745181 110p
74/5190 311p
745191 340
715192 36p
7415193 UP
74L7194 /Sp
715196 No
745196 454
7415197 no
745221 604
745240 5114
745241 16p
711242 by
7415243 VP
74,5244 554
715246 704
7411251 304
715263 30p
7415257 604
74152E8 364
7415259 654
7415203 724
7415261 504
745203 2046
745273 554
7415279 304
745283 404
74152913 1104
7411323 1034
7411324 110p
745348 1104
745352 No
7411353 00
7415363 140p
7411364 1404
7411365 304
7411367 30p
715368 304
711373 554
745374 654
7415375 454
7415377 704
7415375 70p
7411390 bop
745393 Op
745399 11104

74114 6 7 904
74 5540 900
745541 804
7 4 156 10 4119

74 156 70 120p

stru 44
4044 404
4076 bp
4077 lb
0071 104
4061 144
4062 154
4096 40p
44:69 1264
4053 MP4094 10p
4095 754
4086 704
4097 2104
40SS 90p
4098 5009
4500 5759
4502 110p

4503 4114

nos 40)p
4507 319
46013 130p
4510 46p
4511 464
4512 410
4514 1104
4515 110p
4516 664
4518 404
4520 504
4521 10p
4526 411p
4527
4528 604
4532 204
4534 4034
4636 2204
4538 104
4539 70p
4543 764
4553 240p
4555 994
4566 30p
IWO 130p
4558 2109
4689 170p
4572 by
4593 10p
4594 910
4545 764
40385 1104

40097 504
40102 1404
40103 17011
40106 112
40109 I"'''40163 804
40174 60p
40175 lop
40193 634
14495 la*

LM10C 2269,.._
LM3014 P94
51307 V9
1.1,13041 ,VP.,_
114310 '...-IP
141318 1504
L 61319 2,
144324 30p
1143342 10p

1413352 1404LM339 504
LM348 fff,p

LM3513P 34
13427/ 1764
1.61360 /lb
11,13131,45 110p
111382 1744
08384 1460
141386 VP
LM387 1209
LM356 144.4
1.391

15.°P
1.54363 1009
LM394 MOP
1M709 VP
1.18710
LM7Il 9016
1741723 304
LM733 804
LM741 VPLM7417 )94
134748 264
1411010 10op
L.M1801 340p
LM2917 2009

11072/82 46P
71074 1004
110134 sip
'Ron 2004
71.170 904

11430C 7041...
1-A22. TTTU44170 1704

102003 1004
j11.442034 164
ULN2003 210p
U162902 lab
UPC57 5 2759
040592 64 2754
UPC 1 156H 3004
UPC1 185 5
542206 3004
092207 3754
X82211 5754
062216 6754
20414 104
264190 11104

26423F 19016
2114246 1304
271426E 3004
2144275 14140
Z144255 400P
I 27410341 2004
ZN 1040E 6704
204130 023
251,42 34 8504

MP"), 304
44PF103/4 no
7.14F105 VP
4145412
MF-5413

VP
504

moso.20 v,
41454 20
MPSAl3 504,. 20P
..P1.,.,,,P6P6 5161,

".'''''''', =MPS
IT

Mpc'S1 aa4M7 WP
."4g-t-jii 074

740
1129* 36p
n4,20, 404
TIP3114 °V
114-33c

1151A
11P3 IC

a:
T-'"TIP324 VP11320 46p

11P334 MP
T1P33C 11T
11P34A M0
11P34C ¶27.5,350
TIPVC 1504

TIP354 1404

1,1,.426° lib
400-HZ EProgramming

T1P424
°IP
604

T6P42C SOp
11454
11P120 V°P504
114121 704
114122 1048Y127
114142 110p
114147 1204
1142956 504
2131108 10P
279300 VP
1:1Y.462

11.-
,

2731500 134
ZTX502 140
23X504304
ZTX552 554

710652 1104

733752 704
V5 11)KM 554
VN66 bp
214697 20,,
2116913 4%
297064 lip
2N708 144
28,910 35p
25930 lop
201132 244
251613 304
261711 2154

252102 VP
262160 neo
282218o no
2022224 251P

2 7423694 17p
292484 25v
202646 404
2029054 254
2629074 234
253053 250

2N3054 56P
263055 35p
263442 1404
263553 240p
2N3702/3 10p
263 704 /5 124
203706/7 104
203 7 73 2004
203819 204
20382 3 304

800
203904 15p
2113906 15p
2 6,14 037 65p
2144124 27p
2144126 274
204401/3 254
2114427 90p
204871 504
265062 354
20508 7 27p
265089 274
2051 7 2 274
205192 754
295245 40p
205401 50
26545 7 /8 30'
265459 304
205460 604
255485 354
205875 2504

206027 30P
211605 2 300p
20605 9 3254
20610] 654
20624 7 1909
21162 5 4 1304
2196290 65P
2SC 1306 1004
2SC1307 504

1 -
2SC 1957 960
2SC 1969 150P
2502026 03p
2 SC2029 2004
25 C207 8 160p
2 SC2 3 3 5 203p
2SC2612 200p37412851337T19014
35140 120p
374141 1104
36201 "ft'38,200 120/
40290 ao,
46381/7 754
43406 10p
non 1000
404 10 1094
40594 120p
40595 1209
40673 7517
4087 1,2 100p

tt;jtL 5 p
eleth mm4141838/ 5I
%.,, 9 5.... , , (8,, ,ft,
5144 Seen. CIPOT lip
Sputa PCB S..ech Op

VOtT AGE NEGIAATORS
FIXED PLAIEFIC

IA .14
5V IA 7605 404 7935 440
12514 7812 404 7912 MO
15014 7815 604 7915 464

VERO BOARDS 1EN 14 7818 404 7906 404
24014 7824 404 7924 804

. .
2.5 ' 5 5552.5" . 3.7 5" 95p
2.5'917' 330411551008*
3 -75- '335' 94'5010 Block 410p
3.75. ,., 5 - 50,
3.75' a 17- 410p
4 .75- ,., 7 .5- 533p
2 5' e 1 1 110p
Spat Face Cutter

1309

gliggiMI
255 7 7 7 404

55 100n4 78105 304 79105 604
12V 10084 78112 304 79112 504

78015 30p 79115 504

0164191 REGLAATORS

L164309K 14066 78HGKC Mb
1613176 Mit. 79/405/(C 5504
L.31771444 1404 78MGT2C 1404

2214 75GUIC 2004
LM3231 3A 5V 5004 79HGU1C 235p
LM723 150.4 Ad, 374 79HGKC 7034
11.454 3004 11497 100p
713540 225p 11,4306.01 2504

OC P7 1 1809
CIRRI 2 120p
061,60 120p
091961 120p
111.78

. 554101=1
1L El 74 1304
MC 126 1004
MCS24 0 0 1904
MOC302 0 1504

074 240P11111
704T1

7/L12 MP
711..13 704
TIL 116 704

LEDs

- BOOKS (No VAT p&p £1)
CMOS Cook Book £7.75
CRT Controller H/Book £5.95

the Z80 £11.50
Z80 Microcomp. handbook f 6.95
Programming the 6502 £10.25
6502 Assy. Lang. £12.10
6502 Applications £10.20
6502 Software Design £9.05
6502 Games f 10.52

LM3302 709
1613900 504

TRANSISTORS
DIODES

1413909 OSP
1413911 125p
1413914 23%
1.3915 2004
LM3916 226p
154131300 11%
44515131. 300p
44515101 5004
6.163712 ;no
M53730 4004
41013104 1904
96C1446 2029
MC1468 VP
MC14961. 9304
MC1496 70p
MC3 3 40P 1209
MC3403 854
MF 1 0 2600
MK503 9 8 6354
1.41920 MP
14951160 6204
41652710 400173531 140

VP
25E556 46P
8,E564 42%
14E565 UV
NE566 15%
140567 Mb
74570 4104
NE571 104
NE55344 126p
151024 5404
6C0136 604
R C4151 2004
55668 2554
SA010244 E9

5FE9634 5004
51490 3604
SN76477 *ft
57476488 4604
55760.95 000
SP6615 .,,
147120 ' TT"1504
147201 1W
TA7205 2504
747222 150P
1473 10 150P
18464 14X I 1-3

T846411351 (4
184800 804
784810 1004

TBA1320 by
184950 2254
11A220 315Cp

104940 1754
104101344 3004
10A1008 3204
TDA1010 2004
104 1022 5004
MA1024 1204
TDA 1170 3603p

10420071I 2204
TD42036 3604
TGA2024 up,
TLC6ICP 40p
11062 lb
11064 164
11071/81 341

40161,r2 404
BC ,07 MP
81.90 MO
601/7 259
BC 439c 104
017172 129
80177,6 1/11
8079 VP
80182/3 1%
80186 1544
80187 no
13C212/3 VP
00214 1011
BC237 159
60327 1%
5C-337 109
13C3213 16P
13C461 754
°C5160 be
9C5478 124
EIC548C 09
pcmsc 124
905676 119P
EIC559C 144
51970 201
BCY71 70P
130135. VP
EIDIM
50189

VP

80232
40P

90233 MP7542004
60235 75P
90241 ,
802424 704
612568 464
LIF257,8 1%
55029 D90
.,.55n5V..,I I 2°0
55.'' ' T TTZ
1311033,

--T.
"' ' - 134
61030 344
BF X%/1 254
81058 754
131589 1504

565° 217
5'6'2 MP
5'65 104

75v75v2N3866
66 ,
EISX19/20 70p
130104 2254
80105 1.4
BU13 7509
8U103 22611.,.._

80126 '"T7'
81.11504 1204
80205 1754
80208 .04
131406 1464
BUX80 4004
131/7691 2044
2310 509
6136024 .,...."
M32501 TI"''61J2955 904wxo

04,Th

51.14502 4
6131340 60p
74.151955 SO p

4.1.10 3305 VP

lb
Et Y 536300 204
044/ 59
0490,11 59
0495 OP

OP04700
04202 10p
10914 44

174916
104113

7P

_iik194001/2
1744003/4

Le

104006 P
104006/7 29155001/3 .417
1745400.7 lee
/5920 OP

7,,M1,61E 5

74500 11

74501 114
741102 114
74503 124
74504

1%74105 124
741106 124
701507 124
74/503 12p
74509 179
74510 134
741.511 134
74512 134
741513 154
741514 254
71115 lb
71520 134
74/521 134
741522 19P
74526 14p
74527
741128 "P144
74530 , V

134
7413325 144
741139 VP
741340 124
741542 VP
71547 No
74551 144
71555 IV
741573 VP
71574 04
74575 184
741576 lb
74/933 359
741586 MP
74596 10I
741590 VP
741592 VP
71193 229
74/595 40P
74556 11%
7415107 704
745109 274
745112 209
74/3113 VA
745114 VI
745122 254
745123 344
74/5124 goo
7415125 244
745126 254
7415137 MO
745133 250
745136 254
745138 27p
7415139 274
74L5145 nl,
7415147 120p
745148 769
74/1151 0%
715153 404

vim
11132 564
111209 Red so
111211 Gr lb
11121270 144
T11216160 lip

Large selection of databooks, inter -facing
books, books on BBC, etc in stock. As for

Our list.-- - -
02-
111200 Red 104
111272 Gr 12pis02. 0 ,ap

1.%.7.G7rr, 304
5585031 570,
T1L311 11034

TIL63;.2 lgrp
T1L330 1404
7753/60 2004

All mating Connectors with
Cables in stock. Full range

of Acornsoft,
PROGRAM POWER &

BUGBYTE SOFTWARE

BRIDGE

RECTIFIERS

14 505 194
IA 1005 20p
144005 254
IA 6005 304

505 xis
24100V 354
244005 464
3A250/0 .4,, 7.
V W°5 asP

tr 505 1804W

6A 1 00V 1004
64 400V 130p

IDA 400V 2004
250 4 0 0 V 380 P

LINEAR ICs
46103 300p
AY1.0212 100p
451.1313 010p
*91.1320 2160
A Y1 5060 99p
453-1350 350p
473.8910 5504
A Y3 8900 3904.
AY3 691 2 625p
*55 40070 Et
co3021385 lib
CA3319 VP
CA3046 700
CA31648 220P
C43059 nee
CA3C805 NOP
CA3110,6 712P
CA3006 41P
CP3009 XIV
17530040 6704
09,30E 1044

CA314% 41P

51531VT WO
CA3103E 1004
17A31616 110p
17A31524 4604
17431996 %Op
17A32406 1104
C432935 300p
07002 4016p
DAC140158 21934
1141366 11164
0A1368 mei
icons 7004
IC11721569 110
1CM7217 7504
IC187555 90p
I.C7120 1004
1C7130 32154

1E347
1E351 44,
1.563 sae
1.5356P 1164
16357 1,

DISPLAYS AVAILABLE phone or
31019

1404
01707 Ree 140p
F90357 1204
F740503 104

55°5°1 904

MMP"416P36 2VP'ThP
0

send for our BBC leaflet
mains switches and
safety interlocks

4000 SERIES

4000 ,
4001 lo...p

4002 124
4006 504
4007 VIP4 91p
4009 244
4010 6/0
4011 1111
4012 liP
4013 404
4014 411p
4015 OP
o016
4017 304
40 18 454
4019

25P4010 4%
4021 ek,
4022 464
4023 134
4024 324
4025 134
4026 434
4027 20pnn 4%
429 454
4034 154
4031 1254
4033 13p
4,2,4 1404
4035 bp4.6 2754
4037 1104
403g 2904
4040 404
4041 404

404

DRIVERS
9.6 2150,
9270 3004
01356118 3204
01356154 3204

UV ERASERS
U V 18 up to 6 Eproms £47.50

PCB

MOUNTING
RELAYS

,-...,,,,,, UV IT with timer £60.00
..,...., I, XV r

140 to 14 Eproms £61.50
8 pre b UV up
mon 104
V pre 114 UV141 with timer £78.00

pn 1114

200e lip (Carr £2/eraser)22 pin VP
24 pm 244

Sip All erasers are fitted with .

400e 304

6 or 125 DC
CorISPOT 24
240 CC 153418
6,..9Inpr,12°°C.,

11.5' 'I" T ' I -I
111/1)

2405
60,125 0, 5P5P

CorISPOT 104
2.,/ DC
:AM AC 2264

- -
wee A RAC

.., . t., 3,0, I i

,49r:
21p
313p

6MP 464
8 pm 504

711 PIP 10p
22 pin 1SP
4 Pie 704

26 P1n 00974172

40 ten 1004

FOR FAST DELIVERY
JUST PHONE
01-452-1500/

450 6597
Minimum order £5

SWITCHES
TOGGLE SWITCHES
Surneesture
SPS1 lip %Map.
ppo,
40,4,
,4,20,246w,144,

4615.519

RUGBY ATOMIC CLOCK
This Z80 micro controlled clock/calender
receives coded time data from NPL Rugby. The
clock never needs to be reset. The facilities
include 8 independent alarms and for each
alarm there is a choice of melody or alternatively
these can be used for electrical switching. A
separate timer allows recording of up to 240 lap
times without interrupting the count. Expansion
facilities provided.
Complete Kit E120 + £2.00 cart.
Ready Built Unit £145 + E5.00 Carr.
Reprint of ETI articles at E1.00 + s.a.e.

MICRO COMPUTER
OFFICIAL DEALER

PLEASE PHONE FOR AVAILABILITY
BBC Model B £399 (incl. VAT) + £8 carr.

Model A to Model B Upgrade Kit £50
Fitting Charge £15

BBC FLOPPY DISC DRIVES
Single Drive 5,1" SSD £235

Double Drive 51" 800K £799 + £8 carr.
Phone or send for our BBC leaflet.

ik..

'..../.-A-r.1.1.--D R AG 0 N
32K/I/

 32K Ram  Hi -Lo Res Graphics
 REAL TIME CLOCK  COLOUR
 SOUND  PRINTER PORT

£173 + £4 p El- p
Wide Range of Software in stock.

AS DESCRIBED IN
JUNE/JULY/AUGUST

ISSUE

MICROTRAINER
Complete Kit f64.00 + £1.00 p&p
8V 1.8A PSU £7.00 + 70p p&p
1802 Ref. £7.00
IDEAL for HOBBYISTS - learn and
explore the workings of microprocessors
and unravel the mystical field of computers.
INVALUABLE for training centres, schools
and industries - gives effective insight into
micros to engineers, electricians etc not
directly involved in the computer field.
INEXPENSIVE - a truly low cost teaching
aid - in fact a short step towards
developing new ideas and systems.

MICRO TIMER
The programmable clock/timer is a 6502 based
dedicated micro computer with memory and 4 digit
7 segment displays to form an extremely versatile
timing device with following features:
 24 hour 7 day timer
 4 completely independent switch outputs
 6 digit 7 segment display output to indicate

real time turn-off times and reset times
 Individual outputs to day of week, switch and

status LEDs
 Data entry through a simple matrix pad

Further details on request
Complete Kit £56.00 + f1.00 p Et p
PSU £7.00 1 70p p Et p

Construction details supplied

SIMPLY PHONE FOR A FAST
AND EFFICIENT SERVICE.

OUR NEW COMPREHENSIVE
CATALOGUE IS NOW AVAILABLE.

TECHNONIATIC LTD
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NWIO IED

SHOPS AT: 17 BURNLEY ROAD, LONDON NWIO
(Tel: 01-452 1500, 01-450 6597. Telex: 922800)

305 EDGWARE ROAD, LONDON W2

PLEASE ADD 40p p&p & 15% VAT
(Export: no VAT, p&p at Cost)

Orders from Government Depts. & Colleges etc. welcome.
111:1Z1121:11

VISA Detailed Price List on request.
Stock items are normally by return of post.
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Phase Four
Paul Coster

A Four -stage audio
phaser unit, based
on last month's
Breadboards design.

AN AUDIO PHASER is simply a circuit
designed to produce a 'comb filter'
(Figure 11. When the notches of the
'comb' are swept up and down the
audio spectrum, the musical effect
known as 'phasing' occurrs. One of the
first times this trick was used on a
recording was in 1968; the song was
"Pictures of Matchstick Men" by a
group called Status Quo. Another was
"Itchycoo Park", by the Small Faces.

As a slightly more interesting (and
relevant) diversion, it is worth
mentioning that 'phasing' is not the
same as a similar musical effect called
'flanging'. Flanging depends on a
reasonably long time delay - as much
as, oh, a millisecond or so; mixing the_
delayed signal with an undelayed signal
also results in a comb filter, but now the
notch frequencies are spaced at musical
intervals - thirds, fifths, flattened
ninths and so on - and the effect so
produced has a more "musical" quality,
so it is said. Flanging was discovered by
the American record producer, Phil
Spector...but that's another story!

Shifting Circuits
The HE Phase Four, however, is a
phaser. It is based on the circuit of
Figure 2, a single stage phase shifter
producing 90° of phase shift from input
to output.

At zero frequency (DC), the input to
the non -inverting pin of the op -amp is
blocked by the capacitor, Cl, so the
circuit acts as an inverter with a gain of
one; this, of course, is equivalent to a
phase shift of 180°. At very high
frequencies, though, the capacitor
becomes a short circuit and so the op -
amp becomes a non -inverting amplifier,
still with a gain of one; the phase shift
now is 0°.

But at some intermediate frequency,
set by the time constant (RC) of the

high-pass filter network on the non -
inverting input, the phase shift will be
exactly 90°; the gain is still one!
Essentially, the op -amp is buffering the
phase -shift produced by the high-pass
network of C1 and R3, maintaining a
constant gain of one.

If two of these units are cascaded -
the input signal passing through one,
then the other - the total phase shift
will be 1 80° at the frequency set by the
RC time constant, and if the phase -
shifted signal is then added to an un-

FREQUENCY

Figure 1. A comb filter forms a series of
notches in the frequency response curve.

OUT

ov

.R1 = R2

Figure 2. The basic phase shifting circuit. Figure 3. The frequency -phase response
of the circuit in Figure 2. The crossover
point is set by the values of R3 and C1.
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CALCULATOR
ti3L grne

SW1a
ON/OFF

+9V (3---c

SIINPGNAL

OV 0

3

R1
47k

TRIANGLE 0
INPUT

SW1b
ON/OFF

OV 0

9V 0

2

8

IC a

4

C1 C4

R2
47k

C2

T"n

47u

R3
82k

C3
680n

R5
10k

IC2a

shifted signal, the result will be a notch
in the response, at the specified
frequency.

In fact, there are easier ways to
produce a notch filter. The reason why
this circuit is used so often for phasing
units is because it is quite easy to
change the position of the notch. At its
simplest, this is done by varying R3,
thus changing the time constant which
determines the corner frequency (the
two are really equivalent). In a manually
operated phaser, this would be achieved
by using a potentiometer in place of R3
and varying it, by means of a foot pedal
or something similar, to produce a
manual sweep lie, movement of the
notch, up and down the response band).

It is just as easy to produce an
automatic sweep; Figure 4 also shows a
FET transistor connected across R3; by
varying the voltage to the gate of the

R1

IN
R2

la;

Figure 4. By putting an FET in parallel
with R3, the effective resistance can be
varied over a wide range.

FET, its resistance can be changed from
a few hundred ohms to around a few
hundred megohms. All we need now is
a way of producing a varying voltage to
control the resistance of the FET, and a
summing amplifier to combine the
phase -shifted and unshifted outputs.

Phase Four
All these elements are brought together
in the HE Phase Four circuit, shown in
Figure 5. It uses four stages to produce
a total phase difference of 360°
between input and output, producing
two notchs in the response.

The input to the unit is buffered by a
unity gain stage, ICI a; the IC used in
this position was chosen for its low
noise specification. The phase shifters
use all sections of a quad op -amp
package, IC2 (elected for low power
consumption).

The values of C3,6,7,8 are chosen
somewhat arbitrarily, but they will
affect the total quality of the output.
Capacitors C1,2,4 and 5 are to
decouple the supply rails, eliminating
high frequency spikes from the output.

The phase shifted signal is fed to a
standard virtual earth mixer. The
amount of shifted signal added to the
output is set by the depth control, RV1,
which determines depth of the notches.
A switch is also included which allows
the effect to be bypassed; PR1 is used
to adjust the output so that the gain is

11

Q1

NOTES:
IC1 IS TL072
IC2 IS TL064
Q1-4 ARE 2N5457

54 R7 RIO
82k 82k 82k

R6
82k

6

IC2b

R9
82k

0

C6 C7
330n

138
10k

t C5470-r

Q2

R18
12k

R19
47k

R23
68k

3

2

8

IC3a

4

R24
120k

R20
47k

RV2
220k

RATE

'VVV"
R21
Bk2

R22
1k

C9 CIO
220u 220u
+

NOTE:
IC3 IS LF353

150n

R11
10k

0 OV

IC2c

TRIANGLE
OUTPUT

03

PR1
470k

R12
82k

C8
56n

0 R14
10k

13

12

R17
100k

R13
82k

IC2d
14

04

SW2
BYPASS

N SIGNALOUTP1-,

0 OV

RV1
100k

DEPTH

/7777

Figure 5. The Phase Four circuit
consists of an input buffer (IC1a), four
stages of phase shift (IC2), and an output
buffer (IC1b). The triangle wave
generator (left) drives the FET gates and
consists of a square wave generator
(IC3a) and an integrator (lC3b).

38 Hobby Electronics, December 1982



Project 

Parts List
RESISTORS
(All 1/4 watt, 5% carbon)
R1,2,19,20 47k
R3,4,6,7,9,10,11,12 82k
R5,8,11,14 10k
R15 33k
R16 22k
R17 100k
R18 12k
R21 8k2
R22 1k
R23 68k
R24 120k

POTENTIOMETERS
PR1 470k

horiz. carbon preset
RV1 100k

log carbon
RV2 220k

log carbon

CAPACITORS
(All metallised polycarbonate, unless
noted)
C1,2 10n

ceramic disc
C3 680n
C4,5 47u

1 6V radio electro
C6 330n
C7 150n
C8 56n
C9,10 220u

16V radio electro

SEMICONDUCTORS
IC1 TL072

dual BIFET op -amp
IC2 TL064

quad BIFET op -amp
IC3 LF353

dual J-FET op -amp
Q1-4 2N5457

N -Channel FET

MISCELLANEOUS
SW1 DPDT

min toggle
SW2 SPST

footswitch
2 x 1/4" jack sockets; 2 x PP3
battery clips; 2 x 8 pin, 1 x 14 pin
DIL sockets; 2 x knobs; case (see
Buylines); PCB; solder, wire etc.

BUYLINES page 34

the same in either case.
The voltage sweep for the FETs is

produced by ICs 3a,b, and LF353. The
two op -amps are configured as a
triangle -wave generator; in fact the
sweep could be controlled by any slowly
varying cyclic waveform, such as a sine
wave or sawtooth, but the triangle
shape works best in this application.

The circuit works in two stages: IC3a
produces a square wave output and this
is integrated by 3b to give the triangle
shape. RV2 controls the frequency, ie
the sweep rate, between the limits of
about 0.1 and 10 Hz, with the values

OUTPUT

CHASSIS
EARTH

RV1
DEPTH

4

4-9V

SW

9V

SW2

INPUT

EARTH
ON CASE

R16

Figure 6. The PCB component overlay.

d

02

2N5457
AS VIEWED
FROM BELOW

POWER

117 OUT

chosen. The values of C9 and C10 are
not critical, but they must be connected
as shown, to form a simulated bi-polar
capacitor.

Construction
Assembly of this project is not particularly
difficult; simply follow the component
overlay (Figure 6), taking care that the ICs
and electrolytic capacitors are correctly
positioned. One point to note is that RV2,
a potentiometer with a logarithmic
characteristic, must be connected the
right way round; otherwise, the variation

in sweep speed will all come at one end of
the rotation.

The ideal case for the Phase Four is
the custom built job supplied by Newrad
Instruments (see Buylines for details),
though any case large enough to contain
the PCB and batteries would do; it
depends on how heavy-footed you are!

The only adjustment required is to set
PR1 so that the gain through the phaser
is the same as in the 'bypassed'
condition. Simply set the depth control
for minimum and adjust PR1, switching
between effect and bypass, until the
levels sound equal. HE
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HIGH QUALITY MODULES FOR STEREO

MONO AND OTHER AUDIO EQUIPMENT

AUDIO AMPLIFIERS
5.10 watts 111141

111.20 5 watt Audio Amp Module 22-30e supply £157

ALMA 7.10 watt Audio Amp. Module 22-32v

1444Ph

POWER-
' SUPPLIES

P812 24 Supply Slat: 2 a ALIO 2 x 01.20 2 x AL30

PROTIUM ELK SPM60 3.3. Stabilised supply Sat 1 y
ALIM PAM to 15 watts f4.64. SP44120145 45v

Slablisal supply Suit 2 x ALDO PA1011 to 25

watts 61.31 SPM12055 55v Stabilised apply Slit 2 x ALM PA200 5311.

SP141213165 86v Stabilised supply Suit: 2 a AL120 PA220 1 a AL250 1138.

SG30 150-15 Stabikied power supply for 2 x 6E100 MKII fiat

AUDIO AMPLIFIERS
152535 watts (WS)

01.60 1525 watt Audio Amp Module 3150v

supply f5.15.

480 35 wan Audio Amp Module £8.07

MINIATURE FM
TRANSMITTER MODULE
Freq: 95-106 MHz Range la mile Size. 45mm
x 20mm Add 9v. batt. Not licensed in UK
Ideal for 007-M19-FBI-CIA-KGB-etc.Price.£5.50

MAGNETIC CARTRIDGE
PRE -AMPLIFIER
Enjoy the quality of a magnetic cartridge with your

ceramic equipment using the WAN which is a amity

pre -amp. enabling magnetic cartridges to be used where

facilities exist la ceramic cartridges ably With a
DIN input socket to ha, easy to follow vaructions.

NPA30 Stereo Mag Cartridge, Pre -amp.

- input 15mv Output 100mv 13.27.

Transformers are not included with

power supplies. SPA1120 Range

also reapere reeve. and output capacitors

TRANSFORMERS
2034 1.7 amp 35z sat SP144130 £4.90. 2035 2 amp

kw fiat 2036 7513nA 17v Sint PS12 MM. 2040 1.5
amp 045z 55v Sat SPM120145 SPM12055v 1145.

21341 2 amp 0-55,65z Suit SPM120155

SPA4121365v PIM. 2839 1 amp OA Suit Stereo

30 £150 2043 150mA 150-15v Suit 80313 £1.60

ACCESSORIES
139 Teak Cabinet Suit Stereo 30 320 a 235 x

81mm E7.00. 140 Teak Cabinet Sum STA15 425 a 2913 x

95mm £9.58 FP1M Front Panel for PA100

PA2130 £1.88. B4T1CC Beck Panel for PAM 6

PA200 GE10IMP Front Panel for one

GE1MMKII f1.75.TC60 'GI of Parts including Teak

Cabinet chassis, sockets to Mobs etc ho house STA15

Amplifier) f17.50. P5250 Consists - 1 capacitor ft 4

diodes for construcong unstobilised power supply for

AL250 to 125 watts ELK

SPMI20 a a fixed voltage

sublimer with an output voltage of

ether 4.5v, 55z or 65v Designed for use e

audio application, the stabiliser which provides anew

currents up to 2.54 operates tired from a mains

transformer motoring only the addition of two Electrolytic

capacitors to complete the power supply.

MONO PRE -AMPLIFIERS
MM100 suitable for disco mixer. MM1OOG suitable for

guts preamp mixer.
The MM100 and 1.8.4100G mono pre -amplifiers are

compatble with the ALM, ALSO A1120 aid AL250 power

amplifiers and their associated power supplies.

MM100 Supply voltage 4065v inputs. Tape Mag P.U.

Microphone Max output 560my £12.41 MM100G Supply

voltage 40-65z inputs: 2 Guitars, Microphones Max output

500rov

THE
PROFESSIONAL

APPROACH
OZ-PAK Audio Modules we famous for the variety, quality of design and ruggedness. For over 10 years 13I-PAK have

been suppliers to rrenufectrers of hob paddy audio equipment thicughout the world to date, well over 1E0,000

modules hue been sold -- this o why !harming amateur entlusiasts and professionals dikensat en using 13I-PAK

modules or their equipment.

They know that every item is designed and tested to do the job for which it is intended before it leaves the factory.

Whatever you ere building there is a let or module n the 81-PAK range to suit your every need.

AUDIO AMPLIFIER
Audio Amplifier. 5011 R.M.S., with integral heat sink and

short circuit protection.

Introduced to tidbit the demand for a fully protected

power amp., capable fo driving high quality speaker

systems at up to SC% with distortion levels below 05%

Ideal for domesoc use. Discos, PA. systems, electronic

organs. etc. The generously rated components ensue

continuous operation at high

output levels. A1.120 50 watt

Audio Amp Module

50.70v supply

£1314.

STEREO
PRE -AMPLIFIERS

PA12 Supply voltage 2232v Piga sensitivity 301.1rm Suit.

01101AL201A130 (155. PALM Supply voltage 3355v

inputs Tape Tuner Meg P.U. Suit. 0160)0180 f17.65.

PA2M Supply voltage 3573v inputs. Tape Tune. Mag

P.U. Suit. ALIMIAL129011.250 £1121

10 Channel,

Monographic

Equaliser.

Only 155mm a 65mm a 50mm including the 10x 101(45mm

Sider potentiometers and knobs which are mounted

on a hoard above the circuitry. In the range of 31Hz to

1610Iz you can cut and boost t12dB with the 10 sliders.

each with frequency marked on the Drawl board. The

GE100 uses include mixers, PA systems and discos. It

will moo irtiprove the sound reproduction of your earShng

audio equipment. Power supply for GEHM oil 5GM.
Together with Transformer no 2041

6E103 MKII 10 Charnel mono -graphic gwy, g.
LF_qualiser with sides 6 Knobs LLILUU. A

BI-PAK's COMPLETELY NEW CATALOGUE
Completely re designed full al tee typecicomponert, rep require plus some

very interesting ones you will soon be using and of course the largest range of

semiconductors for the Arrtaleat and Professional you could hope to find

There are no wasted page. of useless intimation so often included in

Catalogues published nowadays lust solid facts , e price description arid
individual features of what we have available But remember Rr Pak s policY

has always been to sell quality components at competitive prices and THAT

WE STILL DO.

131-PAK S COMPLI If Ly NEW CATALOGUE is now available to you You will be

amazed how (rah you can save when you shop for Electronic Components with

a BI -Pak Catalogue Have one by you all the time -it pays to buy Al PAK

To receive your COpy send 75p plus 25p P&P

BI -KITS
STA5 5 watts per Manna Stereo Amphfier Kit consisting

of 2 x 0120 amplifiers 1 a NW preamplifier I x PS12

power supply 1 x 2036 transformer and necessary wiring

diagram £18.52. STAID 10 watts per channel Stereo

Amplifier Kit consong of 2 x A130 amplifiers 1 x PA12

preenpifier 1 a PS12 power supply 1 r 2036

transtomer and nes:assay wing dements Mil

STA15 15 watts per channel Stereo Amplifier Kit

consisting of 2 x ALDO amplifiers 1 a P11100 press-10Pa

1 x SPM90 power apply I a 2034 barnstormer 2 x

coupling capacitors for 8 ohms 470 mfd 513v and

necessary wiring &morns f36.76. STA25 25 watts per

channel Stereo Amplifier Kt consisting of 2 a ALDO

amplifiers 1 x PA103 pre -amplifier 1 r SP14120145 power

KSend your orders to Dept HE12131-PAKPO BOX 6 WARE HERTS

SHOP AT 3 BALDOCK ST WARE HEATS

TERMS, CASH WITH ORDER, SAME DAY DESPATCH, ACCESS

BARCLAYCARD ALSO ACCEPTED. TEL 1092013182 GIRO 388 7006

ADO 15% VAT AND 50% PER ORDER POSTAGE AND PACKING

AUDIO AMPLIFIER
125 watts 110.151,

A power ampifiet providing an output of up to 125w

RMS. into a 4 ohm load. Four 115w transistors in the

output stage makes it extremely rugged while damage

horn incorrect or short circuit loads is prevented by a

four transistor protection Mad For use in many

applicabons such as disco wits, sound re -Placement

systems, background music players etc

AL250 125 watt Audio Amp f19.60.
Module 50.80v

supply

The PA21113 is basically our popular PA100. modifications

being made to make it corripatble with the higher

output amplifiers i.e. NATO Er ALISO. The unit boasts sca

push button selectors giving a choice of 3 inputs 2

filters, for both high and low frequencies and a stereo a

mono button, as combining to dive a top quality stereo

preampifier and tone control

PUSH
BUTTON
STEREO FM
TUNER
Cited with Phase locked loop decoder

S453 Provides aslant programme selection at the touch

of a button ensuring accurate tuning of 4 preselected

stations, any of which may be altered as often as you

choose. simply by changing the settings of the preset

controls. Features include FEL input
stage. Varicap diode

tuning,

E19.00.

REGULATED
VARIABLE

STABILISED POWER SUPPLY
Variable horn 230 volts and 02 Amps Kit includes. -
1 - VPS30 Module, 1 -- 25 volt 2 amp transformer.

05Orr 7' Panel Meter. 1 - 02 amp 2" Panel Meter,
1 -- 470 ohm vemewound potentiometer, 1 - 4K7 ohm

WirevroUnd potentiometer Wring Diagram

included VPS30 KIT up.
SIREN ALARM MODULE
American Police type screamer powered horn any 12

volt supply into 4 or 8 ohm speaker Ideal for car burglar

alarm, freezer breakdown and ohm security

purposes. BP124 5 watt 12v max -
Siren Alarm Module figs.

supply t 1-21)1(1 transformer 2 a coupling

capacitors tor B ohms 470 mfd 45. 1 a reservoir

capacoot 2200 mid 10Dv and necessary owing diagram
f45.79. STA35 35 watts per channel Stereo Amplifier Kt consisting of 2 x
ALM amplifiers 1 x SP1412055 power supply 1 x PA200 preampilier

1 x

2835 transformer 2 x coupling capacitors 470 rld at 50z far 8 ohms t a

reservoir capacitor 2200 mfd 100v and necessary wiring diagram £45.76.

Use your credit card. Ring us On Ware 3182 NOW and

Bet your order even faster. Goods normally sent 2nd

Class Marl

Remember you must add UT at 15% to your Adel

Total Postage add 50p per Total cede
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BI-PAK BARGAINS
5121 SCREWDRIVER SET
6 precision screwdrivers in hinged plastic
case. Sizes: - 0.8, 1.4. 2. 2.4.

2.9 and 3 8mm EL 75

5131 NUT DRIVER SET
5 precision nut drivers in hinged plastic case
With turning rod 21.75
Sizes. - 3. 3 5 4. 4 5 and 5mm

5141 TOOL SET
5 precision instruments in hinged plastic case
Crosspoint (Phillips) screwdrivers. -
H 0 and H 1 Hex key wrenches -
15 2 and 2 5mm £1.75

5151 WRENCH SET
5 precision wrenches in hinged plastic case
Sizes: - 4. 4.5. 5. 5 5 and 6mm. 21.75

BUY ALL FOUR SETS 5T21 -5T51 and get

HEX KEY SET FREE
HEX KEY SET ON RING.

Sizes 1.5. 2. 2.5. 3.
4. 5, 5 5 and 6mm
Made of hardened steel

HX/t. £1.25

MINI VICE
This small cast iron quality made vice will
clamp on to any bench or table having a max ..

thickness of I " The 212" laws open to max 01
ot 1,78" Approx size 80 x 120 x 66mm
Bi-Pa k's Mini Vice at

a Mini Price only

£2.50
ORDER NO SX82

BI-PAK SOLDER -
DESOLDER KIT
Kit comprises ORDER NO SX80

1 High Quality 40 watt General Purpose
Lightweight Soldering Iron 240v mains incl
3/16" (4 Imm) bit
1 Quality Desoldering pump High Suction with
automatic election Knurled. anti -corrosive
casing and teflon nozzle
1.5 metres of De -soldering braid on plastic

dispenser
-2 yds (1 83m) Resin Cored Solder on Card
1 Heat Shunt tool tweezer Type.
Total Retail Value over £12.00
OUR SPECIAL KIT PRICE £8.90

r "IRRESISTABLE
RESISTOR BARGAINS"

PA No. Qty.' Descnptimi Price

5110 400 Mixed -MI Type Resistors El
5111 400 Preformed 4,4 watt Carbon

Resistors El
S112 200 Tit watt Carbon Resistors LI
5113 200 Try watt Carbon Resistors LI
5114 ISO To watt Resistors 22 ohm

2m2 Mixed El
5115 100 I and 2 watt Resistors 22

ohro2m2 Mixed LI
Paks SX l2 15 contain a range of Carbon Film Resistors
of assorted values from 22 ohms to 2 2 meg Save
pounds on these resistor paks and have a full range to
cover your protects
'Quantities approximate, count by weight

1705 pieces of Audio Plugs, Sockets and Corl
nectors to include DIN 1W-240' Inline

36 Pin, Speakers, Phono, Jack Stereo
and Mono etc Valued at well over E3normalOrder
No. SX25.

Our Price11.50per pak.
Guaranteed to save you money.

SX26 3 Prs of 6 pin 240' DIN Plugs and
Chassis Sockets 50p

SX27A 60 Assorted Polystyrene Bead
Capacitors Type 9500 Series PPD £ 1 20

SX28A 50 Assorted Silver Mica Caps.
5.6pF-150pF £1 .00

SX29A 50 Assorted Silver Mica Caps.
1130pF-4700pF £1.00

SX30A 50 High Voltage Disc Ceramics 750v
min up to 8KV Assorted useful values E1.00

SX31A 50 Wirewound 9 watt (avg) Resistors
Assorted values lohm-12K E1.09A

TheThird and
% Fourth Hand...

.. you always need
but have never got 'until now

This helpful unit with Rod mounted
horizontally on Heavy Base. Crocodile clips
attached to rod ends Six ball 8. socket Joints
give infinite variation and positions through
360° also available attached to Rod a 21/2 diam
magnifier giving 2.5 x magnification Helping
hand unit available with or without magnifier
Our Price with magnifier as illustrated ORDER
NO. T402 £5.50
Without magnifier ORDER NO T400 £4.75

"CAPABLE
CAPACITOR PAKS"

PM No. Qty' Descriptiew

5116 250 Capacitors Mixed Types £1

200 Ceramic Capacitors Miniature
Mixed LI
Mixed Ceramics 1pf 56of LI
Mixed Ceiamics6EMI 0.5rnt LI
Assorted Polyester/Polystyrene
Capacitors Li

S121 Mixed C280 type capacitors
metal foil

5122 Electrolytics, all sorts
5123 Quality Electrolytics

50,1000mi
5024 20 tantalum Beads, mixed

L.:Quantities appioximate count by weight.

5117

SX18

5119
S120

100
100

100

60

100

50

Price

El

Ll

r
BARGAINS

SX9I 20 . Large .2" RED LED LI
SX42 20 small 125 Red LED's El
SX43 10 Rectangular Green LED's 2 LI
5146 JO Assorted Zenei Diodes

250mw-2 watt mixed voltages,
all coded New LI

5147 4 Black Instrument
Knobs -winged with pointer Tv'
Standard screw Fit size 29
20mm

5149 20 Assorted Slider Knobs
Black/Chrome etc LI

911110 12 Neons and Filament Lamps, tow
voltage and mains - various types
and colours - some panel mounting El.did

SOP

SX52

6 Black Heatsink will fit TO 3 and

10.220 Ready drilled. Hall price

value. El

SX53 I Power finned Heatsink This heatsink

gives the greatest possible

in the smallest space owing to its unique

staggered in design. pre drilled

10.3 Size 45mm squareiamea high 40p

SX54 10.66 size 35mm x 30mm x I 2mm 35p

5155 I Heat Efficiency Power Finned Heatsink

90mm a 80mm x 35mm High. Drilled to

take up to 4 x

TO 3 devices

E1.50 each

BI-PAK PCB ETCHANT
AND DRILL KIT
Complete PCB Kit comprises
1 Expo Mini Drill 10.000RPM 12v DC Ind 3

'collets 8 1 x lmm Twist bit
1 Sheet PCB Transfers 210mm x 150mm
1 Etch Resist Pen

1 1/2Ib pack FERRIC CHLORIDE crystals

3 sheets copper clad board
2 sheets Fibreglass copper clad board.
Full instructions for making your own PCB,
boards
Retail Value over £15.00
OUR BI -PAK SPECIAL KIT PRICE 29.75

L9.FIDER NO SX81

air

PROGRAMMABLE UNIJUNCTION TRANSISTOR
"PUT" case 10106 plastic MEU22 Similar to
2N6027 /6028 PNPN Silicon
Price: 1-9 10-49 50-99 100* Normal Retail
Each: 20p 18p 15p 13p Price E0.35 each

SX33A 6 small (min (SDST/SPOT Toggle
Switches 240v 5a m p E1.00

SX35A 6 small (min) Rocker Switches
240v 5amp £1.00

SX32A 12 Assorted Jack 8 Phono plugs.
sockets and adaptors, 2.5m.
3.5mm and standard sizes E1.00

SX71 50 BC108 "Fallouts" Manufac-
turers out of spec on volts or
gain You test. £1.00

SX72 A mixed bundle of Copper clad
Board Fibre glass and paper.
Single and double sided. A
fantastic bargain £I 00__A

TECASBOTY
The Electronic Components and Semiconductor Bargain of the Year A host of Electronic

components including potentiometers - rotary and slider, presets - horizontal and vertical.

Resistors of mixed values 22ohms to 2M2 -1,810 2 Wan. A comprehensive range of

Capacitors including electrolytic and polyester types plus disc ceramics etcetera.

Audio plugs and sockets of various types plus switches, fuses. healsines, wire nutsibolts,

gromets. cable clips and tyes, knobs and P.C.Board. Then add to that 100 Semiconductors

to include transistors. diodes. SCR's oplo's. allot which are current everyday usable devices

In ail a Fantastic Parcel. No rubbish all identifiable and valued in current catalogues at well

'vet E25.00. Our Fight Against Inflation Price -

- Down withwea DtheeprBeussdigeont JUST £6.50.

BI -PA
KSend your orders to Dept HE12BEPAK P013006 WARE HERTS

SHOP AT 3 BALDOCK ST WARE HERTS

TERMS CASH WITH ORDER. SAME DAY DESPATCH. ACCESS

BARCLAYCARD ALSO ACCEPTED. TEL 1092013182 GIRD 3887006

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

SX38 100 Silicon NPN Transistors -all
perfect Coded mixed types with
data and eqvt sheet. No rejects.
Real value. £3.00

SX39 100 Silicon PNP Transistors -
all perfect. Coded mixed types
with data and eqvt. sheet. No
rejects. Fantastic value. E3.00

2113055 The best known Power Transistors in the
World - 2N3055 NPN 115w
Our BI-PAK Special Offer Price
10 off 50 of 100 of
L3.50 £16.00 E30.00

80312 COMPLIMENTARY PNP POWER
TRANSISTORS TO 2N3055

Equivalent M12955 - 00312 - T03
SPECIAL PRICE £0.70 each

10 off ES.50

Consumption
Size
RANGES

DC Voltage 0-200mV
0.2-20-200-1000V Acc 0 8%
AC Voltage 0-200-1000V
Acc 1 2% DC Current 0.200uA
0-2.20-200mA 0-10 A Acc 1 2%

Resistance 0-2.20-200K ohms
0.2 Megohms Acc 1%
BI -PAN VERY LOWEST POSS PRICE

£35.00 each

BRAND NEW LCD
DISPLAY MULTITESTER.
RE 188m

LCD 10 MEGOHM INPUT IMPEDANCE
 3 1/2 digit  16 ranges plus hFE test facility for
PNP and NPN transistors 'Auto zero. auto
polarity  Single-handed pushbutton
operation Over range indication  12 5mm
( Yr -inch) large LCD readout  Diode check
 F ust 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 adtust Automatic

Sampling time 250 milliseconds
Temperature range - 5°C to 50°C
Power Supply 1 x PP3 or equivalent 911

battery
20mW
155 x 88 x 31mm 1

r SINGLE SIDED FIBREGLASS I
BOARD

Order No. Pieces Size Sq. Pali
FBI 4 9 x 21ti" 100 £1.50

F82 3 11 x 3" 100 £1.50

E113 4 13 x 3" 156 £2.00

DOUBLE SIDED FIBREGLASS
BOARD

F84 2 14 x 4" 110 £2.00

SILICON POWER TRANSISTORS
- 1123

NPN like 2N3055 - but not full spec
100 watts 50V min,
10 for E1.50 - Very Good Value

Order No. SX90
100s of uses- no duds

5 watt (RANNAudlo Amp I
Nigh Quality audio amplifier Module Ideal for use in
record players, tape recorders, stereo amps and
cassette players, etc Full data and backup diagrams
with each module

Specification
 Max Power Supply 301/  Power Output 5 watts
RMS  Load Impedance B-16 ohms  Frequency
response 50Hz to 25KHz-3db Sensitivity 70 my
for full output* Input Impedance 50k ohms. Size
B.5 x 64 x 30mm Iota) Harmonic

distortion less than .5%
BI-PAK'S give away price

£2.25
Yee could net Meld 111111

ler this price

MORE BARGAINS!

SX5I 60 metres PVC covered Hook-up
wire single and stranded. Mixed
colours. £1

SX58 25 Assorted TEL Gates 7400
Series 7401.7460 El

SX59 10 Assorted flip Flops and MSI
TIT El

5X60 20 Assorted Slider
Potentiometers £1

SX62 40 Assorted Pre -Sets HoriVert
etc LI

5179 10 Reed Switches - glass type
3 Micro Switches - with lever LI

Ose row credit card Ring us on Plan. 3182 NOW ant

gel vow cede, even taste, Goods notmallv sent 2nd

Class Mail

Flemembir, you mull ado vAl al IS to you, °id,
Intel Postage add 75p xi Total Dor
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HE PROJECT KITS I.C.s TOOLS CASES

TRANSISTORS RESISTORS KITS

CAPACITORS HARDWARE MAGENTA
Make us your No. 1 SUPPLIER OF KITS and COMPONENTS for H.E. Projects. We
supply carefully selected sets of parts to enable you to contruct H.E. projects. Kits
include ALL the electronics and hardware needed. Printed circuit boards (fully etched,
drilled and roller tinned) or Veroboard are, of course, included as specified in the original
article, we even include nuts, screws and I.C. sockets. PRICES INCLUDE CASES unless
otherwise stated. BATTERIES ARE NOT INCLUDED. COMPONENT SHEET
INCLUDED. If you do not have the issue of H.E. which includes the project - you will
need to order the instruction reprint at an extra 45p each.

Reprints available separately 45p each + p. & p. 40p.

ODOMETER Nov. 82 E14.98
DIANA V.C.O. Nov 82 £4.89
FLASH POINT ALARM Oct 82 £19.98
CB SQUELCH UNIT Oct 82 £9.19
'JUNIOR' SLOT CAR CONTROLLER
Sept 82 £5.60 less case.
ZX INTERFACE BOARD Sept 82 inc
edge con £11.33.
AUDIO ANALYSER Aug 82 less case
£63.97.
SWR METER Aug 82 E8.95.
T.V.I. FILTER July 82 E5.33
AUTO WAH June 82 £18.98 inc case or
E12.28 less case.
AUTO GREENHOUSE SPRINKLER
June 82 £15.38 less pump and power
supply 112V 2A1.
TELEPHONE TIMER June 82 £33.42 less
power supply (suitable type below).
POWER SUPPLY DESIGN 12V 500mA
June 82 £9.98
ECHO REVERB UNIT May 82. Less case
£33.98. Economy case WB3 £3.76 extra
DIGITAL THERMOMETER May 82 ex-
cluding case -r bezel £16.90
AUDIO SIGNAL GENERATOR May 82
f20.98.
CABLE TRACKER May 82 £9.98
DIGITAL CAPACITANCE METER Apr
82 £21.37
SIGNAL TRACER Apr 82 E3.86
BIKE ALARM Apr 82 £11.74
DIGITAL DICE Mar 82 £7.29
BICYCLE SIREN Mar 82 f10.89
NOISELESS FUZZBOX Feb 82 £10.45
MASTHEAD AMPLIFIER Feb 82 E14.74
DRUM SYNTHESIZER Dec 81. Full kit
£21.37
GUITAR HEADPHONE AMPLIFIER
Dec 81 £3.72
IN CAR CASSETTE POWER SUPPLY
Dec 81 £4.77
SCRATCH FILTER Nov 81 Mono £5.82
Stereo E8.98
LED VU METER Nov 81 less case E4.87
SIMPLE STYLUS ORGAN Nov 81 less
case £4.98
METRONOME Nov 81 £12.71
TELEPHONE BELL REPEATER Oct 81
£13.67
Med linking wire extra 14p metre
COMBINATION LOCK Oct 81 less
solenoid E18.65
BABY ALARM Oct 81 £8.70, Fig 8 linking
wire 7p metre

'DIANA' METAL LOCATOR Sept 81
£34.50
POWERPACK Snot 81 £10.25
REACTION TESTER GAME Sept 81
£12.81
VARIABLE BENCH POWER SUPPLY
Aug 81 £26.98
ULTRASOUND BURGLAR ALARM
July 81 £1598
ELECTRONIC DOOR BUZZER July 81
6.98
ELECTRONIC METRONOME July 81
£4.99
CONTINUITY CHECKER June 81 £5.71
ENVELOPE GENERATOR June 81
£17.98
AUDIO MIXER June 81 £5.33
PUBLIC ADDRESS AMPLIFIER March
81 £19.48. Extras horn speakers £6.83
each, PA MIC £4.40
FUZZBOX March 81 £10.98
WINDSCREEN WIPER CONTROLLER
March 81 £8.20
STEAM LOCO WHISTLE March 81

£12.98
PHOTOGRAPHIC TIMER March 81
E3.50
HEARTBEAT MONITOR Feb 81 £24.98
TWO-TONE TRAIN HORN Feb 81 E5.60
less case
medium wave radio Feb 81 £8.20
BENCH AMP Jan 81 £10.80
NICAD CHARGER Jan 81 £8.20
CHUFFER Jan 81, less case £7.53
BATTERY CHARGE MONITOR Dec 82
£5.77
MEMORY BANK - MINI SYNTH-
ESISER Nov Er Dedc 80 £29.98
TRANSISTOR TESTER Nov 81 £6.54 inc
test leads
GUITAR PRE -AMP Nov 80 E6.65
case (diecast) extra £2.29
INTRUDER ALARM Oct 80 £20.98
TOUCH SWITCH Sept BO £2.75 less case
& contacts
guitar phase, Sept 80 £16.28
SOUND OPERATED FLASH TRIGGER
July 80 no skt £5.33
FOG HORN June 80 £6.64
SPEED CONTROLLER FOR RIC April 80
£17.55 (less case)
DIGITAL FREQUENCY METER April 80
E39.98
0101DICE Jan 80 E11.73
GUITAR TUNER Nov 79 E12.82
CAR ALARM Feb 79 £12.91

MORE PROJECT KITS - SIMILAR STYLE TO H.E.
INSTRUCTIONS INCLUDED (SEPARATELY 45p EACH)

PLEASE QUOTE REF. NO. WHEN ORDERING

1

B1 PEST CONTROL 'Ultrasonic cat
scarer' £7.65
B2 COMPONENT TESTER £8.88
B4 GUITAR NOTE EXPANDER f17.98
B5 CAMERA OR FLASH GUN
TRIGGER Infra red system £12.51
B6 SIMPLE INFRA RED REMOTE
CONTROL £1720
B7 0-12V POWER SUPPLY E17.98
B9 SOUND TO LIGHT - single channel
£8.42
810 THREE CHANNEL SOUND TO
LIGHT £21.44

MORE KITS AND
COMPONENTS
IN OUR LISTS

FREE PRICE LIST
Price list included with

orders or send sae 19 x 41
CONTAINS LOTS MORE

KITS, PCBs &
COMPONENTS

B11 IN SITU TRANSISTOR TESTER
E6.98

B12 WEIRD SOUND EFFECTS
GENERATOR £5.98
11113 AUDIBLE VISUAL METRONOME
£5.98

B14 ELECTRONIC DICE E5.71

816 MINI EGG TIMER £4.34
818 LED JEWELLERY - Cross brooch
£2.77 Star brooch £9.91 Spiral brooch
£7.98

1982 ELECTRONICS
CATALOGUE

Illustrations, product descriptions, circuits all in-
cluded. Up-to-date price list enclosed. All products
are stock lines for fast delivery.
Sends 80p in stamps or add 80p to order.

MORE H.E. PLUS E.E. and E.T.I. PROJECT.
KITS IN THE PRICE LIST

MAGENTA gives you FAST DELIVERY OF QUALITY COMPONENTS & KITS.
All products are stock lines -and are new 6 full specification. We give personal service 6
quality products to all our customers -HAVE YOU TRIED US?

MAGENTA ELECTRONICS LTD
HS31, 135 HUNTER ST., BURTON -ON -TRENT, STAFFS.

bE14 2ST. 0283 65435. MON-FRI 9-5. MAIL ORDER ONLY
ADD 45p P&P TO ALL ORDERS PRICES INC VAT

ACCESS and BARCLAYCARD (VISA)
ORDERS ACCEPTED BY PHONE OR
POST.
SAE ALL ENQUIRIES.

Prices inc. VAT
OFFICIAL ORDERS WELCOME
OVERSEAS. Payment must be in sterling.
IRISH REPUBLIC and BFPO. UK PRICES.
EUROPE: UK PRICES plus 10%.
ELSEWHERE- write for quote.

SOLDERING I TOOLS
ANTEX X5 SOLDERING IRON 25W

£5.48
SOLDERING IRON STAND . £1.98
SPARE BITS. Small standard, large,
65p each. For X5+ X25
SOLDER. Handy size 99p

£1.84
69p
29p

£6.48
12p

£1.69

SOLDER CARTON
DESOLDER BRAID
HEAT SINK TWEEZERS
DESOLDER PUMP
HOW TO SOLDER LEAFLET
LOW COST CUTTERS
LOW COST LONG NOSE PLIERS

£1.68
WIRE STRIPPERS Et CUTTERS £2.69

HELPING HANDS JIG £6.30
Heavy base. Six ball and socket
joints allow infinite variation of clips
through 360°. Has 20" diameter
125 x I magnifier attached, used and
recommended by our staff.
VERO SPOT FACE CUTTER ..E1.49
PIN INSERTION TOOL £1.98
VEROPINS (pk of 1001 0.1" 52p
MULTIMETER TYPE 1 11.000 oov)

6.48
MULTIMETER TYPE 2120,000 opvl
with transistor tester. Very good

£14.75
CROCODILE CLIP TEST LEAD SET.
10 leads with 20 clips 99p

RESISTOR COLOUR CODE
CALCULATOR 21p
CONNECTING WIRE PACK TYPE
ED. 11 colours 49p
ILLUMINATED MAGNIFIERS

Small 2" dia. 15 x mag.) .... £1.14
Large 3" dia. 14 x magi £2.40

CAST IRON VICE £2.98
SCREWDRIVER SET £1.98
POCKET TOOL SET £3.98
DENTISTS INSPECTION MIRROR

£2.85
JEWELLERS EYEGLASS £1.50
PLASTIC TWEEZERS 69p
PAIR OF PROBES WITH LEADS(cc)...77p

MULTIMETER TYPE 2 - 2A06 0 0+0
oDpcv. volts.1c1

Includes transistor
current.

tester.yr,

YN360 TR, £14.75 useful resistance ranges.
We've used it and we like it.

ISPCAKERS. Miniature. 8 ohm 87p MI N. BUZZERS. 6V 50p. 9V. £1 10.
64-75 ohm 89p 12V. 657.
CRYSTAL EARPIECE 65p MAGENTIC EARPIECE 15p
MONO HEADPHONES £2 96 STEREO H Et,OPHONES £4 35
TELEPHONE PICK-UP COIL .72p F.M. AERIAL 49p

VEROBOARD 0.1" COPPER STRIPS
10 strips 24 holes £1.20 per 5
24 strips 37 holes
24 strips W holes
36 strips 37 holes
36 strips W holes
Terminal pins 0.1"

78p
89p
89p
99p

52p/100 ,

PP3 CLIPS 10p
PP9 CLIPS 11p

EUROBREADBOARD E6.20
E3.98

BIMBOARD 1 BREADBOARD £838
VEROBLOC BREADBOARD £4.20

S DEC BREADBOARD

PANEL METERS
50uA; 100uA; 1rnA,
1A. 25V 100uA-0-
IOWA; 5A. AU
£4.98 each. State
value

BOOKS
SEMICONDUCTOR DATA BOOK Newnes

E5.90
ELECTRONIC PROJECTS FOR HOME
SECURITY E3.35
ELECT. PROJECTS IN PHOTOGRAPHY

E3.35
110 ELECT. ALARM PROJECTS £5.35
MODEL RAILWAY PROJECTS E1.95
BASIC ELECTRONICS. Theory & practice

£7.98
BEGINNERS GUIDE TO BUILDING ELECT.
PROJECTS £1.50

ADVENTURES WITH
MICROELECTRONICS

Similar to 'Electronics' below.)
Uses I.C.s. Includes dice, elec-
tronic organ, doorbell, reaction
timer, radio, etc. Based on Bim-
board 1 bread board.
Adventures with
Microelectronics £2.55

Component pack £29.64 less
ibattery.

ADVENTURES WITH ELECTRONICS

An easy to follow book suitable for all ages. Ideal for beginners.
No soldering, uses an S -Dec breadboard. Gives clear instructions
with lots of pictures. 16 projects -including three radios, siren,
metronome, organ, intercom, timer, etc. Helps you learn about
electronic components and how circuits work. Component pack
includes an S -Dec breadboard and all the components for the
projects.
Adventures with Electronics £2.40. Component pack £18.98
less battery.

ADVENTURES WITH DIGITAL ELECTRONICS

New book by Tom Duncan in the popular 'Adventures' series. This book of
entertaining and instructive projects is designed for hobbyists, and students. It

provides a stepping stone to the microprocessor.
The first part deals with the properties of some basic ICs used in digital

electronics.
The second part gives details of how to build eight devices - shooting gallery, 2
way traffic lights, electronic adder, computer space invaders game etc.
For each project there is an explanation of 'how it works' and also suggestions for
'things to try'.
No soldering - all circuits built on 2 Bimboard 1 breadboards.
Adventures with Digital Electronics book £3.25. Component pack £42.50 ref
EHDC. All the components needed including 2 breadboards and hexadecimal
keyboard. Available less breadboards E29.98 ref EHDF. Both less battery.
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Into Radio 

RADIO RULES
Ian Sinclair

Single side band transmitters and receivers.

Single Sideband
IF you think back to amplitude modulation
again, you may remember that business of
sidebands. When a carrier is amplitude
modulated, the output signal contains the
carrier frequency and both sets of
sidebands (sum and difference), all requiring
power at the PA stage to transmit. All the in-
formation of the audio signal is carried in one
sideband, however (either one), and none
by the carrier, so that this well-worn double-
sideband scheme is very wasteful of
transmitter power. The solution is to use on-
ly one sideband, eliminating the other side -
band and most of the carrier. This system is
called single-sideband-suppressed-carrier,
usually abbreviated to SSB, though this
could also refer to systems that eliminate
one sideband but retain most of the carrier.

Starting with transmitters this time,
how do we achieve these two aims of
removing one sideband and most of the car-
rier? Once again, there are several methods,
but the most popular one consists of using a
balanced modulator to remove the carrier,
and filtering to remove the unwanted side -
band. A balanced modulator is a circuit to
which both carrier and audio signal can be
applied. If there is no audio signal, then there
is no output from the circuit, but adding an
audio signal spoils the balance of the circuit
and the sidebands of the modulated carrier
form the output. There is very little trace of
the carrier frequency in the output.

A simple type of balanced modulator is
illustrated in Figure 1. This is a bridge or
ring modulator and its action depends on the
use of the audio signal to bias a set of diodes
into conduction. Imagine that there is no
audio signal, so that the audio input to the
diode bridge at A is at earth voltage as far as
signals are concerned. The carrier signal is
injected at a point where the voltage lies ex-
actly between the bridge outputs, so that
the carrier signals to the transformer
primary ends are in phase. In this condition,
there is no output.

Now imagine that an audio signal is ap-
plied and that the audio voltage has reached
its positive peak. Diodes D1, D2 will con-
duct when the carrier voltage is zero, put-
ting a bias voltage onto the output line, at X.
Now the carrier signal is no longer balanced
because, when the carrier has its negative
peak at X and its positive peak at Y, the
diodes D1, D4 will conduct carrier signal,
and D2, D3 will not conduct. This will cause
some out -of -phase carrier signal to reach
the transformer. The situation reverses
when the audio signal at A goes to its
negative peak. Now diodes D4,D3 conduct
when the carrier voltage is zero, but when
the carrier wave is positive at Y, negative at
X, then D1, D4 don't conduct but D1 , D2,
D3 do, producing a signal to the transformer
again. These signals to the transformer are
of sidebands only because no carrier can
pass, by itself.

The circuit works well, but needs
careful! setting up. An alternative is to use a
balanced -modulator IC - the Motorola
MC1496G is an old favourite for this task.
Even so, these methods can never totally
remove all traces of carrier, but suppression
of 30 to 50 db can be easily achieved.

The next part of single sideband
modulation is the filtering system which
removes one sideband. Unless you can test
and adjust crystal filters, the filter units just
have to be bought - these can be quartz
crystal types or surface wave types. The
filter characteristic can be arranged so that it
contributes to the suppression of the carrier,
as well as removing the unwanted side -
band.

I
AUDIO
INPUT

FROM OSCILLATOR
)2-5V SIGNAL)

Figure 1. A bridge or Ring Modulator,
which eliminates the carrier frequency
from the output, is the first and most
important stage in SSB transmission.

The combination of balanced modulator
and filter is the complete single-sideband
generator. The whole system can be
designed around a low carrier frequency -
455 kHz is a favourite - or at high frequen-
cies such as 9 MHz - the choice is fixed by
the availability of commercially -built filters.
You don't, of course, transmit at either of
these frequencies. To reach the actual
transmitting frequency, you would normally
think of using multiplier stages, but this step
is taboo with SSB transmitter circuits
because multiplying up the carrier frequen-
cy means multiplying up the bandwidth of
the sidebands. The alternative is 'frequency
mixing', using another mixer stage to obtain
a signal which is the sum of the modulated
frequency and another crystal -controlled
frequency.

Once the correct frequency has been
reached (and several mixings may be need-
ed, particularly if the original modulation
was at 455 kHz and the final frequency is
VHF), power amplification must use Class
A or Class B circuits rather than Class C, to
avoid distortion. This will make the efficien-
cy of the output stage lower, but the effec-
tive power of the modulated signal, as com-

pared to a double-sideband signal with full
carrier is so much greater that the loss is ac-
ceptable. As a guide, if we assume that the
output stage is 66.7% efficient (meaning
that 2/3 of the DC power fed to the output
stage causes useful output), then the max-
imum allowed DC power of 150 W will
cause an RF power of 100 W. This is all
useful power however, so that the way in
which we measure SSB power is in terms of
what is called "peak envelope power",
which is four times the actual output power
(100 W in this example). This is an approxi-
mation, but it implies that the SSB signal is
equivalent in transmitted power to a con-
ventional AM signal of four times its output
power.

Problems, problems
Problems start when we want to receive a
SSB signal. To start with, the demodulator
must be a balanced type, operating like the
modulator in reverse, and it has to be fed
with a carrier signal of the correct frequency
and phase. This is most easily arranged if
transmitter and receiver share the same
oscillator in the form of a transceiver, as the
oscillator section of the transmitter can then
provide a signal of exactly the correct fre-
quency and phase to the demodulator.
However, all of this makes a single-
sideband rig a very complicated piece of
goods, particularly if it is to be used at
several frequencies, because there is a con-
vention that the lower sideband is used at
frequencies below 10 MHz while the upper
sideband is used at frequencies above 10
MHz. Not many readers are likely to get in-
volved in SSB as a do-it-yourself project! It's
advantages, however, make impressive
reading, and even more impressive listen-
ing. To start with, the bandwidth of the SSB
signal is the same as that of the audio signal,
no more. This means that a lot more SSB
rigs can use a band than conventional AM
rigs. There is also a gain in range, because all
of the output power of the SSB transmitter
is concentrated on the one sideband which
the receiver uses. In addition, SSB is much
less liable to atmospheric disturbance ef-
fects, such as fading and blasting, than con-
ventional AM or even FM. The advantages
of SSB can be increased by using speech -
processing units which ensure that the
modulation is always near the upper limit
while you are speaking. SSB rigs of good
quality are never cheap, but they represent
just about the optimum in modern radio
communications and a dream for every
amateui licence holder to aspire to.

Due to space limitations in the November
issue, this portion of Radio Rules was held
over till December.

Next month we will back -track to ex-
amine AM Receivers.
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BRANDLEADING ELECTRONICS

NOW AVAILABLE IN KIT FORM

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

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

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

 Over 250 components to assemble

SX1000
Electronic Ignition

 Inductive Discharge
 Extended coil energy

storage circuit
 Contact breaker driven
 Three position changeover switch
 Over 65 components to assemble
 Patented clip -to -coil fitting
 Fits all 1 2v neg earth vehicles

SX2000
Electronic Ignition

 The brandleading system
on the market today

 Unique Reactive Discharge
 Combined Inductive and

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

SPECIAL OFFER
"FREE" MAGIDICE KIT WITH
ALL ORDERS OVER £45.00

NIB
SPARKRITE

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

TX1002
Electronic Ignition
 Contactless or contact triggered
 Extended coil energy storage circuit
 Inductive Discharge  Three position
changeover switch  Distributor
triggerhead adaptors included  Die cast
weatherproof case  Clip -to -coil or remote
mounting facility  Fits majority of 4 Et 6 cyl.
12V neg. earth vehicles  Over 145
components to assemble.

All

NM MI
82 Bath Street. Walsall. West Midlands. WS1 30E England

'TX2002
Electronic Ignition

 The ultimate system  Switchable
contactless  Three position switch with

Auxiliary back-up inductive circuit
 Reactive Discharge. Combined capacitive

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

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

majority of 4 and 6 cylinder 12v neg earth vehicles
 Over 150 components to assemble

SPARKPITE products and designs are fully covered by one or more World Patents

SELF
ASSEMBLY KIT

SX 1000 £12.95
SX 2000 £19.95
TX 1002 £22.95
TX 2002 £32.95
AT 80 £32.95
VOYAGER £64.95
MAGIDICE £9.95

PRICES INC VAT. POSTAGE & PACKING

1.1 MIN

NAME
ADDRESS

MAGIDICE
Elctronic Dic

 Not an auto item but great fun
for the family

 Total random selection
 Triggered by waving of hand

over dice
 Sleeps and flashes during a 4 second

tumble sequence
 Throw displayed for 10 seconds
 Auto display of last throw t second in 5
 Muting and Off switch on base
 Hours of continuous use from PP7 battery
 Over 100 components to assemble

JIII I= ION MI OM
Tel 109221614791 Allow 28 days for delivery

I ENCLOSE CHEQUE(S)/POSTAL ORDERS FOR

KIT REF

CHEQUE NO.

PHONE YOUR ORDER WITH ACCESS/ BARCLAYCARD
SEND ONLY SAE IF BROCHURE IS REQUIRED

=I =I MI OM MI 1111111

HE12

CUT OUT THE COUPON NOW!
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Amateur ratlici
will become
much clearer
after 3rd Dec.

The radio market has
become more complex. Things
have become more confused.

Wires get crossed as new
equipment floods onto the
market.

At the end of the day,
even the most avid enthusiast
spends more time trying to find
out about new equipment than
on the airwaves using it.

As for the novice?
They stand little chance of

picking anything up at all.
So we've decided to clear

things up.
On December 3rd our new

magazine Ham Radio Today
begins.

Not a magazine you need
a degree in electronics to
decipher.

Or one that still calls your
gear a wireless.

Rather a magazine that
simply clarifies the vast range of
electronic gadgetry available.

Lists new equipment,
analyses its performance.

Thorough reviews, special
features, news items and
constructional projects.

In a clear and concise way
that will give everyone a perfect
5 + 9.

Ham Radio Today.
Tomorrow . . . tune in and

find out, 73.

Published by
Argus Specialist Publications Ltd.



 Popular Computing

COMPONENTS
FOR COMPUTING
This is the first of a series of articles in which the components

of microcomputer systems will be discussed. We will
investigate the many aspects of each type of component,

including general functions and areas of application, internal
circuit operation, external circuits and the range of products

on the market.
WE WILL START by describing In-
put/Output (I/O) port components. This
may not seem entirely logical, but it
follows from our Micro -Trainer series of
earlier this year. Consequently, in this
issue alone, there will be specific
references to the Micro -Trainer when
the programming of I/O ports is con-
sidered.

What Is An I/O Port?
A port, whether input or output, is a

device that interfaces between the 'raw'
hardware of a computer's central pro-
cessing unit (CPU) and the external
machinery of a control system. In its
simplest form , a port consists of a data
latch or register connected to the three
busses (address, data and control) of the
CPU. The diagram of Figure 1 shows an
eight bit output port and an eight bit in-
put port connected to a simple
microprocessor system. The ports have
an eight bit capacity simply because the
microprocessor has an eight bit data bus,
and can therefore transfer data eight bits
at a time!

The output port has eight inputs con-
nected to the data bus and eight
separate outputs for connection to ex-
ternal circuits, and a strobe. The outputs
follow the logic states of the inputs for as
long as the strobe input is high; however
when the strobe is taken low, the data at
the outputs is frozen or 'latched' in-
definitely. An IC of this sort is called an
'Octal Transparent Latch", and a
74LS373 is a typical example using TTL
Technology in the microprocessor
system of Figure 1, the strobe is derived
from theWfisignal of the control bus and
the decoded address bus. Data will be
latched into the port only when the MPU
attempts to write to a specific address,
as determined by the address -decode
logic. This configuration is called
"Memory -Mapped I/O" because the
port appears to the MPU as a single byte
of memory, in this case a write -only
memory location. Using simple 'store'
instructions, the MPU is able to control
the state of eight logical outputs, each of
which can be interfaced to anything
from a LED to a large industrial machine,

MPU

DATA BUS

ADDRESS BUS

ROM

OE CE

RD

RAM

RD CE WE

WR

ADDRESS
DECODING

9 a

/7777

8 -BIT
OUTPUT

PORT

E 9

8 -BIT
INPUT
PORT

STROBE

Figure 1. A simple microprocessor system with one output and one input port.

46

using no more than a few transistors and
relays.

The input port, as shown in Figure 1,
is also an octal latch but this time the out-
puts are wired to the data bus and the in-
puts are taken from the external circuit.
For an input port, the latch must have
(like the 74LS373) a control which can
'tri-state' the outputs to the data bus;
this means that the outputs can go to a
high impedance state, and thus have no
effect upon the data bus when it is being
used by other devices, such as RAM or
ROM. The output control signal is de-
coded from the address bus and the R-13
signal so as to 'map' the port to the de-
sired memory location. The strobe to an
input latch is not synchronised with the
MPU as with the output port; it has to be
provided by the external circuit to syn-
chronise with incoming data. In certain
applications (A/D conversion being the
best example) the data presented to the
MPU's input port may not be valid (true)
at all times, which explains the reason
for an external synchronising pulse.

However, the MPU is often required

0

1,0

YbO

la,

1,2

Yb2

1,3

Yb3

GND

VCC

0

Ya0

1b0

Vat

Ya2

11)2

Y,3

1b3

Figure 2. The logic diagram and pin outs
of the 74LS244. The OE inputs latch
the outputs to the high impedence (off)
state.
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EMI

VCC = PIN 20

GND = PIN 10

OE (I) -

DO (31

00 12)

D1 (41 02 (7)

D D

03 (8) 04 1131

D E

-Y-Y-Y4F14
01 (5) Q2 (61 03 (91 Q4 (12) 05 (151 Q6 (16)

D7

v
Q7 (191

18)

3

111111111

4 7 8 13

DO DI D2 D3 D4

11

OEC

00 Cil 02 Q3 Q4

VCC = PIN 20

GND = PIN 10 2 5 6 9 12

14 17 18

I I I
D5 D6 07

05 Q6 07

15 16

Figure 3. The logic diagram (above) and pin -outs (right) of the 74LS373. Data is latched by taking the E input low; a high on
the OE input forces the outputs to the high impedance state.

only to sample the inputs periodically (if,
for example, they connect to a set of
logically independent switches) and in
this case, latching of data is un-
necessary; an "Octal Tri-State Buffer"
(such as a 74LS244) will then be suffi-
cient as an input port.

Memory mapped I/O is a system
which can be readily applied to any
microprocessor, yet there is a common
alternative which is worth mentioning.
"I/O Mapping" is a system which is uni-
que for each type of microprocessor
(some simply do not have the facility, eg.
the 6800 and the 6502) because it re-
quires specific sets of hardware and in-
structions. The 1802 has a three -bit ad-
dress bus, separate from the normal ad-
dress bus, which can be decoded to pro-
vide 'enables' for up to seven I/O
devices; these addresses are generated
only in response to special instructions
(INP1 - INP7, OUT1 - OUT71.

Other processors leg. the Z80 and
many other Intel products) place I/O ad-
dresses (0-255) on the usual address
bus and have a separate control line to in-
dicate whether the instruction is to be
executed on memory or on I/O.

I/O ports can easily be constructed
from a few TTL chips, however the
manufacturers of all microprocessor
types offer more 'clever' devices design-
ed for flexibility in applications, in a

single low cost package, with each
device type intended for a particular
microprocessor. Most of these contain
several ports within a chip, and can be
programmed to behave either as input or
output devices; many have other in-
teresting facilities, as we shall see.

The 8255
It is impossible, in these few pages, to
describe every I/O device on the market
so we shall concentrate on just one -
the 8255. This device is intended to in-
terface with the Intel 8080 and 8085
family of microprocessors; however, it
can be used readily with the Z80 and, of
course, the 1802, as in the Micro -
Trainer. It is one of the most versatile
PPIs (Programmable Peripheral Inter-
face) available and has recently become
very inexpensive.

Referring to the block diagram of
Figure 4 and the pin diagram of Figure 5,
you will see that the 8255 has three
eight -bit ports within a 40 pin package.
Port A (PAO-PA7) and Port B (PBO-PB7)
can be separately programmed as either
input or output, while Port C is logically
divided into individually programmed up-
per (PC4-PC7) and lower (PCO-PC3)
portions.

The 8255 possesses all the
necessary signal inputs to interface
directly to the CPU. Signals DO -D7 con -

8080 CPU
MODULE

INTERFACE

BI-DIRECTIONAL
DATA BUS

D7 -DO

RD

WR

Al
AO

RESET

DATA BUS
BUFFER

CS

READ/WRITE
CONTROL

LOGIC

INTERNAL LOGIC

GROUP A
CONTROL

8 BIT INTERNAL
DATA BUS

GROUP B
CONTROL

PERIPHERAL
INTERFACE

GROUP A
PORT A 181

GROUP A
PORT C

UPPER (41

GROUP B
PORT C

LOWER (41

GROUP B
PORT B (R)

Figure 4. The logic diagram of the 8255 PPI; the ports are split
into two groups for control purposes.

I/O PA7-FAO

I/O PC7-PC4

I/O PC3 PCO

I/O PB7-PB0

nect directly onto the data bus, for bi-
directional transfer of data between CPU
and the ports and, likewise, the signals
TO and Tv7 connect directly to the cor-
responding signal lines of the CPU. The
control signal cs (Chip Select) is used to
allow the CPU to use the 8255. For ex-
ample, if cs is provided with a logic low,
decoded from the address bus (the
Micro -Trainer uses an address in the
range 2000H to 2003H) the device will
be 'enabled'.

The signals AO and A 1 , the two least
significant bits (LSBs) of the address
bus, will select one of the four internal
registers, according to the address;
three of these registers are, obviously,
the ports A, B and C, while the fourth is a
control register used for programming
the device. These addresses (summaris-

PA3

PA2

PA1

PAO

RD

CS

GND

Al
AO

PC7

PC6

PC5

PC4

PC0

PC1

PC2

PC3

PBO

PB1

PB2

PIN NAMES

PA4

PA5

PA6

PA7

WR

RESET

DO

D1

D2

D3

D4

D5

D6

D7

VCC

PB7

PB6

PB5

PB4

PB3

07 -DO DATA BUS (BI-DIRECTIONAL)

RESET RESET INPUT

CS CHIP SELECT

RD READ INPUT

WR WRITE INPUT

AO,A1 PORT ADDRESS

PA7-PAO PORT A (BIT)

PB7-PBO PORT B (BIT)

PC7-PCO PORT C (BIT)

VCC +5 VOLTS

GND 0 VOLTS

Figure 5. The pin -outs of the 8255 (top)
and their meaning (bottom).
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A B GROUP A GROUP B

D4 D3 01 DO PORT A PORT C
(UPPER)

PORT B PORT C
(LOWER)

0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT

0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT

0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT

0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT

0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT

0 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT

0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT

0 1 1 1 OUTPUT INPUT 7 INPUT INPUT

1 0 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT

1 0 0 1 INPUT OUTPUT 9 OUTPUT INPUT

1 0 1 0 INPUT OUTPUT 10 INPUT OUTPUT

1 0 1 1 INPUT OUTPUT 11 INPUT INPUT

1 1 0 0 INPUT INPUT 12 OUTPUT OUTPUT

1 1 0 1 INPUT INPUT 13 OUTPUT INPUT

1 1 1 0 INPUT INPUT 14 INPUT OUTPUT

1 1 1 1 INPUT INPUT 15 INPUT INPUT

Al AO RD WR CS INPUT OPERATION (READ)

0 0 0 1 0 PORT A= DATA BUS

0 1 0 1 0 PORT B= DATA BUS

1 0 0 1 0 PORT C= DATA BUS

OUTPUT OPERATION
(WRITE)

0 0 1 0 0 DATA BUS = PORT A

0 1 1 0 0 DATA BUS = PORT B

1 0 1 ' 0 0 DATA BUS = PORT C

1 1 1 0 0 DATA BUS = CONTROL

DISABLE FUNCTION

X X X X 1 DATA BUS = 3 -STATE

1 1 0 1 0 ILLEGAL CONDITION

X X 1 1 0 DATA BUS = 3 -STATE

X = DON'T CARE

Table 1 (right). The ports can be set up in any of 16 different
ways.
Table 2 (above). Ports are addressed, as appropriate under pro-
gram control. A WRite instruction to a port set up for Input will
be ignored.

ed in Table 3) are used in the Micro -
Trainer to access the 8255.

In order to write data to a port, it is
simply a matter of executing an 'STR' in-
struction to the appropriate address, eg:

LDI $20
LDI $01

LDI SOF

PHI R3
PLO R3; R3 is pointer to
Port B
STR (R3); data $ OF ap-
pears on PBO-PB7

Data which has previously been writ-
ten to an output port can also be read
back from the same address - a feature
which is not possible with the system of
Figure 1.

We have not, so far, discussed how
the ports are programmed - but there
are no prizes for guessing that the con-
trol register is used for this. All the pro-
gramming information is illustrated in
Figures 7 and 8, but some explanation is
also required.

Al AO MICROTRAINER
ADDRESS

REGISTER
ENABLE

0 0 2000H PORT A

0 1 2001H PORT B

1 0 2002H PORT C

1 1 200311 CONTROL

Table 3. The Micro -Trainer I/O addresses.

Al
AO

- cs

WR

RD

D6

D

D4

D2

+5V

6

7

28

29

30

31

32

33

2

IC4

14

15

16

17

13

12

11

10

4

3

2

40

39

38

37

18

19

20

22

23

24

25

2

3

4

5

6

7

16

15

14

IC7 13
12

11

10

-o PCO
-o PC1
-o PC2
-o PC3
-O PC4
--o PC5
-o PC6

o PAO

o PA1

o PA2

o PA3

o PA4

o PA5

o PA6

o PA7

PBO

oPB1

oPB2

o PB3

o PB4

PB5

PB6

PB7

R5 R8
5k6 4k7

+5V

01

OV

R6 CASS

v,68OR.C3 I____01N/Our

R7
470R

Figure 6. The I/O Port circuits of the
Micro -Trainer; IC4 is an 8255.

CONTROL WORD

107106 D5112/411:1311:12101 DO

GROUP

PORT C (LOWER - PC3 -PCO)
1 = INPUT
0 = OUTPUT

PORT B
1 - INPUT
0 = OUTPUT

MODE SELECTION
0- MODE 0
1 = MODE 1

GROUP A

PORT C (UPPER -PC7-PC4)
- INPUT

0 = OUTPUT

PORT A
1 - INPUT
0 = OUTPUT

MODE SELECTION
00= MODE 0
01 = MODE 1

= MODE 2

OP CODE

1 = MODE SET

Figure 7. The mode control word can be
constructed from this diagram.

CONTROL WORD

ID71D61D5104[D311)21D11001

NOT USED
SET TO 000

SET/RESET FLAG

0 = RESET BIT
1 = SET BIT

BIT SELECT

D3 D2 D1 PORT BIT C

0 0 0 BIT 0
0 0 1 BIT 1
0 1 0 BIT 2
0 1 1 BIT 3
1 0 0 BIT 4
1 0 1 BIT 5
1 1 0 BIT 6
1 1 1 BIT 7

OP CODE

0 = BIT SET/RESET

Figure 8. Deriving the control word to
set or reset bits of Port C.

The first step is to decide how the
ports are to be configured (output or in-
put) then, using the two diagrams, work
aout a control word on a bit by bit basis.
You may be confused by the references
to Modes 0, 1 and 2; just assume these
bits are set to zeroes. Our description of
the 8255's operation are all in Mode 0;
the other modes configure certain bits of
Port C as 'handshake' lines and as this
facility is little used we will not discuss it
here!

As an example, suppose we require
PAO-PA7 as outputs, PCO-PC3 as out-
puts and PBO-7, PC4-PC7 all as inputs.
Figure 7 tells us that the required data is
10001010 = 8AH so, simply by storing
8AH in the control register, our ports are
set up as required. The contents of the
control register may not be read back by
the CPU. It is also well worth noting that
each time a port is configured as an out-
put, the contents are reset to zero.

During power -up, or reset of the
MPU, it is normal to reset the 8255 also,
using the hardware line RESET (pin 35).
When this happens, all ports are con-
figured as inputs in Mode 0, so that the
machine's software must initialise the
control register, as required, after reset.
Figure 8, shows how Port C an be con-
veniently operated on bit by bit, when
programmed as an output. Here, by stor-
ing the appopriate data in the control
register, a single line of Port C may be set
or reset. As an example, again, PC7 has
been interfaced to a transistor (Figure 6).

This forms the cassette interface for
the Micro -Trainer. It is controlled by a
routine in ROM which recognises a
LOAD or SAVE instruction, configures
Port C (upper) as required, and then tog-
gles bit 7 to transfer the data.

The other seven bits of Port C are all
configured as outputs, buffered by a
ULN2003 (IC7 in Figure 6), which pro-
vides open collector outputs suitable for
driving LEDs, relays etc. Each output can
sink up to 500mA.

Next month's installment will investigate
the hidden depths of memory - RAMs,
ROMs, and the multivariate degrees of
PROMs.

HE
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INTRODUCING TWO NEW HANDHELD DIGITAL MULTIMETERS

200,u,A 10 AMP AC -DC
' c ou1046.

,
6%

MODEL 703
DC accuracy

0.7%

e351 495
P. US VA-rx,

wrs Wl WOW, IL.

Please

SPECIFICATION 6010 Et 7030
BATTERY: Single av dry cell
BATTERY LIFE: 200 hours
DIMENSIONS: 170 x 89 x 38mm
WEIGHT: 400g inc battery
MODE SELECT: Push button
AC DC CURRENT: 200µA to 10A- 6 Ranges
AC VOLTAGE: 200mV to 750V - 5 Ranges
DC VOLTAGE: 200mV to 1000V - 5 Ranges
RESISTANCE: 20051 to 20M5l - 6 Ranges
INPUT IMPEDANCE: 10M52
DISPLAY: 31 Digit 13mm LCD
0/LOAD PROTECTION: All ranges
OTHER FEATURES:

Auto polarity. Auto zero. Battery -low indicator.
Strong ABS plastic case with tilt stand.
Battery and test leads included.
Optional carrying case.

add 15% to your order for VAT. Postage Et Packing is free of
charge. Trade enquiries invited.

ARMON ELECTRONICS LTD.
Cottrell House, 53-63 Wembley Hill Road, Wembley Middlesex HA9 8BH, England
Telephone. 01-902 4321 ( 3 lines ) TELEX No 923985

r HOME LIGHTING KITS
These kits contain all necessary components and full
instructions & are designed to replace a standard wall
switch and control up to 300w. of lighting.

TDR300K Remote Control £14.30
Dimmer

MK6 Transmitter for above 4.20
TD300K Touchdimmer £ 7.00

TDE/K Extension kit for 2 -way
switching for TD300K 2.00

LD300K FottageCrontrolled 330 0

r DVM/ULTRA SENSITIVE
THERMOMETER KIT

This new design is based on the
ICL7126 (a lower power version of
the ICL7106 chip) and a 31/2 digit
liquid crystal display. This kit will
form the basis of a digital multi -
meter (only a few additional re-
sistors and switches are required -details supplied),
or a sensitive digital thermometer (-50 C to+150"C)
reading to 0.1'C. The basic kit has a sensitivity of
200mV for a full scale reading, automatic polarity in-
dication and an ultra low power requirement -giving
a 2 year typical battery life from a standard 9V PP3
when used 8 hours a day, 7 days a week

Price £15.50

r DISCO LIGHTING KITS -/
DL 1000K
This value -for -money kit r
features a bi-directional
sequence, speed of sequence
and frequency of direction
change, being variable by
means of potentiometers and incorporates a
master dimming control. £14.60
OLZ100K
A lower cost version of the above, featuring
undirectional channel sequence with speed
variable by means of a pre-set pot. Outputs
switched only at mains zero crossing points
to reduce radio interference to a minimum.

Optional opto input DLA I Only £8.00
Allowing audio ("beat') -light response.

DL3000K 60p
This 3 channel sound to light kit features zero.
voltage switching, automatic level control &
built in Mk. No connections to speaker or amp
required. No knobs to adjust - simply connectsquired.

mains supply & lamps.
(1Kw/Channe Only f11.95All

Add 55p postage & packing 1-15, VAT to total.
Overseas Customers;

Add E2.50 (Europe), MOO (elsewhere) for p&p.
Send S.A.E.for further STOCK DETAILS.
Goods by return subject to availability.

OPEN gam to Spry (Mon to Fril
I Oarn to fipm (Sat)

UXBRIDGE ROAD

0

0

CP

SHORT FORM CATALOGUE - send SAE
(6" x 9"). We also stock Vero, Books,
Resistors, Capacitors, Semi -Conductors etc.

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

ELECTRONICS
11 Boston Road
London W7 3SJ

TEL 01-567 8910 ORDERS
01-579 9794 ENQUIRIES
01-579 2842 TECHNICAL
AFTER 3PM

ALL PRICES
= SASCUICARC 1E3 EXCLUDE VAT

CHRISTMAS
PRESENTS GALORE

Ailjamor ,Ditvisew
LIGHT DIMMER KIT
Contains all comPo
nents, including front

panel and knob, to
make a dimmer for

lights up to 300W.
£3.50

04

MW RADIO KIT
Based on ZN414 IC, kit in-
cludes PCB, wound aerial
and crystal earpiece and
all components to make a
sensitive miniature radio.
Size 5. 5 x 2. 7 x 2 cms.
Requires PP3 9V battery.
IDEAL FOR BEGINNE RS.

£5.00
LCD 31/2 DIGIT MULTIMETER16 ranges including

DC voltage (200 my -1000vl and AC voltage,
DC current (200 mA-10 A)and resistance (0-2 MI + NPN & PNP transistorgain diode check. Input

impedance 10M.
SizeS 1550880 c3l1 mm. Requires PP3 9v battery.leads inuded

ONLY £29.00

STOCKING FILLERS
PACK (1) 650 Resistors 47 ohm to 10 Mohm - 10 per value £4.00
PACK (2) 40 x 16V Electrolytic Capacitors 10uF to 1000uF - 5 per value £3.25
PACK (3) 60 Polyester Capacitors 0.01 to 1 uF/250V - 5 per value £5.55
PACK (4) 45 Sub -miniature Presets 100 ohm to 1 Mohm - 5 per value £2.90
PACK (5) 30 Low Profile IC Sockets 8, 14 and 16 - pin - 10 off each £2.40

PACK (6) 25 Red LEDs (5mm dia.) £1.25
PACK (7) 20 BC182 NPN General Purpose Transistors £1.20
PACK (8) 20 BC212 PNP General Purpose Transistors £1.20

All full spec. branded devices BUY ANY 5 PACKS AND
WE WILL SEND YOU 10 RED LEDs FREE
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Whenyou
bad it

yourself,
youknow

what you're
ettmg.

With Heathkit, not only
do you enjoy big savings, you're sure of the finest quality.

Everything is provided, including detailed instructions. Even
the solder you need is there. You'll end up with a superb piece of
equipment. Hand crafted. One you'll be extra proud of. Because
you built it yourself.

There are all sorts of kits to choose from. From a digital clock
to a metal locator, a short wave listener's receiver, windspeed and
direction indicator, digital readout electronic scale and plenty more.

There's even the HS -89-2 All -In -One computer kit. With
48K RAM, three serial ports, single density disc controller and
green anti -glare screen. Now incredibly only £799 + VAT and
carriage. A genuine bargain.

Send off for your catalogue now.
The sooner you do, the sooner
you'll see what you could get.

To: Heath Electronics (UK)
Limited, Dept ( HE12), Bristol Road,
Gloucester GL2 6E E.

I'd like to get building. Please send
me a copy of the Heathkit catalogue. I
enclose 28p in stamps. HE12

Name

Address

.g,
"E'3-71. You buildon our e

EATH

CATALOG
now

SEE US AT
BREADBOARD
STANDS 1

PROBABLY THE
TRANSISTORS

1983

available

2

THE
FIRST!

.. ,,

STOCK
SOUTH

.
....

.

U

OF
- TRY

......

.......

E

ICs Et
US

Et

LARGEST
IN

SPECIALIST ELECTRONIC COMPONENT DISTRIBUTORS

SEND LARGE SAE & 75p TO ADDRESS BELOW

Crimson Elektrik

PROFESSIONAL AMPLIFIER MODULES
PRICE LIST -

ELECTRONIC MODULES Er ASSEMBLIES - APRIL 1981

CODE DESCRIPTION Less VAT INC WT
VAT VAT (Kg)

f £ e
CE 608 Power Amplifier Module 18.26 2.74 21.00 0.16
CE 1004 Power Amplifier Module 21.30 3.20 24.50 0.20
CE 1008 Power Amplifier Module 23.90 3.60 27.50 0.21
CE 1704 Power Amplifier Module 30.43 4.57 35.00 0.22
CE 1708 Power Amplifier Module 30.43 4.57 35.00 0.22
CE 3004 Power Amplifier Module 42.60 6.40 49.00 0.40
BD 1 Bridge Driver Module 7.13 1.07 8.20 0.06
TR 80 Toroidal Transformer 80VA 18.00 2.70 20.70 2.00
TR 150 Toroidal Transformer 150YA 20.07 3.01 23.08 2.35
TR 250 Toroidal TRansformer 250VA 25.43 3.81 29.24 3.35
TR 2500 Toroidal Tansformer (low noise) 33.20 4.98 38.18 2.80
B 6 Bridge Rectifier 16 amp) 0.99 0.15 1.14 0.02
B12 Bridge Rectifier 112 amp) 1.80 0.27 2.07 0.03
C4700/40 Reservoir Capacitor and Clip 1.91 0.29 2.20 0.09
C4700/63 REservoir Capacitor and Clip 2.40 0.36 2.76 0.11
C4300/63 Reservoir Capacitor and Clip 2.60 0.39 2.99 0.11
CPS 80 Power Supply 22.82 3.42 26.24 2.10
CPS 80D Dual Power Supply 27.63 4.14 31.77 2.25
CPS 150 Power Supply 25.86 3.88 29.74 2.50
CPS 150D Dual Power Supply 31.65 4.75 36.40 2.60
CPS 250 Power Supply 32.03 4.80 36.83 3.50
CPS 250D Dual Power Supply 39.43 5.91 45.34 3.65
TS 70 Thermal Switch 70°C 1.92 0.29 2.21 0.02
HS 50 50mm Heatsink 1.60 0.24 1.84 0.15
HS 100 100mm Heatsink 2.60 0.39 2.99 0.30
HS 150 150mm Heatsink 3.65 0.55 4.20 0.45
FM 1 Fan Mounted on 2 x HS 100 32.13 4.82 36.95 1.20
FM 2 Fan Mounted on 2 x HS 150 36.10 5.42 41.52 1.50
CPR 1X Pre -Amplifier Module 31.30 4.70 36.00 0.15
MC 2 Moving Coil Pre -Pre -Amplifier Module 20.00 3.00 23.00 0.07
REG 1 Regulated Power Supply 8.09 1.21 9.30 0.07
TR 6 6VA Mains Transformer 2.87 0.43 3.30 0.21
XO 2 2 Way Crossover Module 17.39 2.61 20.00 0.07
X0 3 3 Way Crossover Module 26.09 3.91 30.00 0.07
MU 1 Muting Circuit for XO 2 or XO 3 8.35 1.25 9.60 0.04
CK 1010 Complete Pre -Amplifier Kit 78.26 11.74 90.00 2.50
CK 1040 Complete 40 Watt Power Amplifier Kit 103.48 15.52 119.00 t7.30
CK 1100 Complete 100 Watt Power Amplifier Kit 129.56 19.44 149.00 7.30
MC 2K Add On Moving Coil Kit 21.74 3.26 25.00 0.12
PSK 1 Pre -Amplifier Power Supply Kit 17.39 2.61 20.00 0.75

SOLE DISTRIBUTION BRADLEY MARSHALL Ltd OF EDGWARE
325 EDGWARE RD. LONDON W21 BN

TEL: 01-723 4242
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A blast from the past
This seems to be a year for revivals -
musicals in the West End, old pop
songs from the 50s and 60s
reappearing in the Charts, and now . . .

Dear Clever Dick,
I have "Experimenter" and "S -Dec"
boards and I am wondering if you could
devise projects for these for future
editions of HE. I find it very difficult to
get anything suitable.
P. Siddi,
Porthcawl,
Mid-Glam.

. . . . "Short Circuits" have been
brought back, in the shape of a new
page called "Breadboards". Although
these experimenter's circuits have
been laid out and tested using Vero's
Verobloc system, they can easily be
adapted to any other breadboarding
system.

Dear CD,
I have one short question; is there any
errors in the shortwave Receivers
veroboard diagram etc?
T Chapman
Fareham
Hants

'Is there any errors' . . . it's enough to
make you ask : is good grammar a thing
of the past? Another question, which
might be pertinent; which short wave
receiver do you mean-we have
published at least three?

However, passing over such minor
considerations (it only took four times
longer to sort things out), the receiver
in question is probably that featured in
September '81 issue. There were three
errors discovered at the time; missing
track cuts at F 17 and G17, a missing
link (not the . . no it couldn't be)
between F12 and G12 and no
markings on Dl -the cathode should
go to F7.

Dear CD,
I am eleven years old, and have been
alarmed to find a mistake on the
"Intruder Con fuser". Capacitor (CI)
has been connected (not across) but in
the same direction as the copper strips
and there is no break between the two
terminals. Also (according to the
schemetic diagram) the integrated
circuit has been connected the wrong
way round, there is also another
problem . . . . I have, nowhere to store
my Hobby Electronics magazine Yours
Faithfully,
R.Einstein
Ipswich
Suffolk

(hint, hint). Life isn't all problems
though, because I think your
magazine's great

Correct on both points-though the
issue was raised in a previous HE (June
'82, I think). As for the mag, I also
think it's great too (especially this
page), but then I am a little biased!

Dear CD,
I DO NOT WANT A BINDER!!!
I would, however, like to pick your
amazingly intelligent brain. Way back in
January '79, HE published a Touch
Switch project. I find it works fine if the
OV level is connected to the mains
earth, but if I try to run it off batteries
(as you recommended, all those years
ago) the operation becomes sporadic
and unreliable.

So far as I can make out, the signal
input level drops dramatically under
certain conditions, depending on my
posture (keep your remarks to
yourself!).

Please could you suggest a circuit
mod or, failing this, are there any ICs

use, preferably with
several switches on one chip?

I am designing a piece of equipment
for use by small children so that a
single touch -control switch is
important, as, of course is the electrical
safety.
Guy Inchbald,
Burnage,
Manchester.

The circuit is intended to be triggered
by the 50 Hz hum voltage which we all
carry around with us - effectively, the
body acts as an antenna. Touching the
contact transfers the voltage to the
input of IC 1 , which amplifies it
enormously. This is rectified by a diode
and the resultant DC is used to switch
another op -amp from low to high, thus
turning on a LED, relay or whatever.
Note, too, that this circuit does not
latch up; it will turn off shortly after the
finger is removed.

The unreliable operation is probably
because the 50 Hz signal is being
coupled to all parts of the circuit,
(remember that a battery is a short
circuit for AC, even at 50 Hz), so that
the input op -amp is seeing similar 50
Hz voltages on both its inverting and
non -inverting inputs. The easiest way
to solve the problem is to physically
isolate the touch plate from the
circuitry; metal shielding may even be
necessary. Alternatively, you could try
increasing the sensitivity by increasing
the gain of IC 1; reduce R2 by stages
until you find a value where the
operation becomes reliable. However,
you may find that the circuit becomes
unstable if R2 is taken too low.

Dear Richard,
I have had the HE watch dog intruder
Alarm (Oct 80) working on a test basis
for some months. But have found that
it is triggered by an external source/s.

A 3 foot instant start fluorescent
fitting and a portable TV that I know of,
have, when switched off, bought on
LED2 showing a short.

I don't know what electrical
appliances my neighbours have but it
has happened when / have only had a
fridge working. Its only occasionally
this happens, and after 2200 hrs, or
the early hours of the morning.

The PB1 doesn't cancel/ LED2 and
RV1 has to be re -adjusted to cancel it
then adjusted back to its normal
position, which may take five minutes
or more of adjusting. The circuit board
(its not a printed circuit, they were not
available) is mounted in a metal box
and the box is bonded to earth. The
only alteration to the circuit is in the
window, where the 22k resistor has
been changed to 56k. resister, to give
a bigger window. But I find there is still
only a small amount of movement of
RV1, when adjusting, to equal door and
window switches LED 1 before LED2
comes on.

The value of my switch resistors
are 470k. /have changed the ICs at
different times but trouble always
reappear's.

Have you had or heard of anyone
having had this happen with the lntuder
Alarm and how did you or they
overcome it? My knowledge at the
moment of electronics is limited so I'm
hoping you can throw some light on to
it for me.
N. Kilbey
Ilford
Essex

What can be deduced from this tale of
woe? Gremlins in the alarm system .
not likely . . . well, how about spikes in
the mains . . . ah, that sounds more
like it-mains borne interference.

What can be done about it? Well,
first of all try putting the unit on a
PCB-it's amazing the increased
stability you'll get. There are also some
other steps you can take. One is to
wire a 100u capacitor across the
supply rails; and try a 100n in parallel
to cut out HF spikes. Another filter can
be made by wiring a 10k resistor in
series with the line from point X,
followed by 4u7 capacitor down to
earth (try different positions around the
board). If you want to make RV1 more
sensitive, change it to 1M and replace
R2 with the original 22k value . . and
if all that fails, I hear Alsatians are also
pretty effective!

HE
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 Project

POP
Owen Bishop

AMPS
Simple measuring circuits based on operational amplifiers.

No. 1:
Microammeter
THIS circuit adapts any ordinary
voltmeter to measure currents in the
microamp range. You can also use it
with a multimeter, switched to a
voltage -measuring range. The lowest
current range on a typical multimeter is
0 - 250 uA, but with this circuit the
range can be as small as 0 - 1 uA. Of
course, if you have an FET multimeter,
you will probably not need this circuit,
as it is likely to be built in to your meter
already.

Measuring Currents
An ammeter is always connected in
series with the circuit which is to be
tested, and the current to be measured
flows from the test circuit, through the
meter and back to the test circuit. For
this reason, the ammeter must have as
low a resistance as possible, so that
the flow of current in the test circuit is
not reduced by the resistance of the
meter. A typical microammeter has a
coil resistance of around 750R,
though some microammeteis have
coils of considerably higher resistance.
However in this circuit, when it is used
on its 1 OOuA range, the resistance
encountered by the current is only
100R, resulting in much greater
accuracy. The improvement can be
seen by taking a numerical example.

In Figure 1 a, the current flowing
through the 2k7 resistor is 0.2/2700
= 74uA. If we try to measure this
using an ordinary microammeter (Figure
1 b), with a coil resistance of 750R, the
total resistance becomes 345OR and
the current is reduced to 58 uA. This is
a 23% error!

Using the op -amp circuit (Figure 1c I,
the total resistance is much less
affected. It becomes 2800R, reducing
the current to 71 uA, and the error is
now only 4%.

Some reduction of current is
inevitable, for we can not avoid using
power to drive the measuring
instrument. The advantage of using the
op -amp microammeter then, is that it
needs very little power and so has a
relatively small effect on the current
you are trying to measure.

The Circuit
We will assume that the circuit is being
used on its 100 uA range, when a
current of 100 uA flows through R5,
the potential difference between its
two ends is [V = IR = 100 x 10-6 x

ov

«OV2

74uA

ov

.0V2

OV

b

71uA

2k7

2k7

900R 9k

1009

c)

Figure 1. Measuring current (a) using a
meter alone (b) results in a large error.
The op -amp circuit (c) increases the
accuracy of the measurement.

NOTE: ICI = 741

INPUTS

luA

10uA

100uA

ov

Figure 2. The Microammeter circuit.
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-VE INPUT at

100uA
10uA
luA A

1 2 3 4 5 6 7 8 9 10 11

0 0 0 0 0 0000 0
8 0

C

D

0
0

0
F 0

G 0
H

I 0

9V al-
K 0
L 0

I

M 0 0 0 0 0 0 0 0 0 0

M

K

1

H

D

C

12 13 14 15 16 17 18 19 20 21 22 23 4 25 26

0 0 0 0 0 0 0 010 0 0 0 
0
0
0
0
0
0
0

4,0
T

cr

0
0

0000 0 0 0 0 00 0 0

IP METER -VE

0 0 0 00 00 00 0 0 0 0 00 0 0 0 0 0  0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0  0  0 0 0 0 0 00 0 0 0
00 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 00 0 0 0 0 0 0 0 0  0  0  0 00 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0  0 O 0
0 0 0 0 0 0 0 0 0 0. 0 0  0 0 0 00
0 0 0 0 00  0 0 0 00 0 0  0 0 0 00 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 00 0
0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0  0 0 00 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0
0 0 0 00 0 0 50 0 0 0 0 0 0 0 0 0 00 0 0 00 0

0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 00 0

0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Figure 3. Veroboard component overlay and track -side view.

cp.

10138A

108A

18A

INPUT
TERMINAL
SOCKETS

CIRCUIT
BOARD

Figure 4. Wiring up the off -board components.

OV

P +9V

-0 METER +VE

OFF

ON

DPDT OR DPST
SLIDE SWITCH

OUTPUT
TO

100 = 0.01 V [or 10 mV.[ Thus, at
full scale deflection (FSD), the non -
inverting input ( + vel of the op -amp is
at 10 mV compared with the 0 V line.
We can ignore the effects of R1/R2
and R3/R4, since these are relatively
small resistances compared with the
input impedance of the op -amp (the
input impedance of a 741 is typically
2M, so these resistors merely increase
it to 2.0099M!1. If the non -inverting
input is at + 10 mV, the amplifier
adjusts its output to try to bring the
inverting input ( - vel to the same
potential. This is a special feature of
op -amps, and one that is made use of
in several other of the circuits we shall
be describing.

If the inverting input is to be at + 10
mV, the junction of R6 and R7 must be
brought to + 10 mV. Since R6 and R7
form a potential -divider network, the
output voltage if the op -amp has to rise
to + 1.01 V to achieve this, and this is

the voltage which is measured by the
voltmeter. When measuring a current
of 100 uA, the voltage reading is 1.01
V; we can ignore the odd fraction of a
volt and say that 1 V is equivalent to
100 uA. The currents equivalent to
lower voltages are easy to calculate -
OV5 means 50 uA, OV73 means 73
uA and so on, in proportion.

We work with a maximum potential
difference of 10 mV on the other two
ranges as well, so the reading obtained
on the voltmeter is always between
zero and 1 V. If the test circuit is
connected to the 10 uA socket, the
total resistance is 1 k. With 10 uA
flowing through this, the potential
difference across R3/R4/R5 is 10 mV,
as before. Now, a reading of OV73
means a current of 7.3 uA. The 1 uA
socket gives a total resistance of 10k,
with a PD of 10 mV when 1 uA flows.
A reading of 0.73 V means a current of
0.73 uA.

Parts List
RESISTORS
(All Y4 watt 1% carbon)
R1 8k2
R2,3 820R
R4 82R
R5 100R
R6 1M
R7 10k
POTENTIOMETERS
RV1 10k

min. horiz. preset
SEMICONDUCTORS
IC1 741

op -amp
MISCELLANEOUS
2.5 mm stripboard, 66 x 33 mm; 9
x 1 mm terminal pins; 2 x 4 mm red
sockets, 2 x black; DPDT switch; 2
x PP3 battery clips; optional case;
wire; solder etc.
BUYLINES page 34

Construction
Like all the circuits in this series, this
one is built up on a single, small piece
of stripboard (Figure 3). Whether you
mount it in a case or not is a matter of
preference. The circuit is powered by
two PP3 batteries, giving the ±9 V
supply required, though it is possible to
operate on other balanced supplies,
such as ±6 V or ±15 V.

Construction presents no problems
but be sure to make the track cuts, and
check the position of all components.
Note that two pairs of resistors are
wired in series (R1/R2 and R3/R4) to
obtain the values 900R and 9kR, as
nearly as possible.

Setting Up
To set up the circuit, connect the
voltmeter as shown in Figure 4. This
should, preferably, be a 1 V FSD panel
meter or a multimeter switched to the
1 V DC range, but a 2 V or 3 V meter
will do almost as well.

It does not matter if it is a cheap
meter, with low coil resistance, since
the op -amp is capable of supplying all
the current required. If you can afford a
meter for the purpose, there is no
reason why you should not wire it to
this circuit and mount it permanently in
a case.

Now switch on the power; the
meter will show a reading of some
kind. Join the 1 uA input socket to the
junction of R6 and R7, using a test -
lead; this connects the two inputs of
the op -amp together. The reading on
the meter should be 0 V, but if not,
adjust the offset null potentiometer
(RV1)until the needle of the meter
comes to rest at zero. The temporary
lead may now be removed, and the
circuit is ready for use. This is a simple
circuit, with no provision for adjusting
full-scale deflection or range; it is
assumed that the use of 1% tolerance
resistors will have ensured all the
accuracy required. HE
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G ET
BIG POWER

ir Modular
Amplifiers

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

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

WE'RE INSTRUMENTAL
IN MAKING A LOT

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

11111

Aar -

A\ (I l'ift:..._6c1kv

BIPOLAR MODULES

Module
Number

Output
Power
warn

rms

Luad
Impedanceil

DISTORTION
T.H.D. I.M.D.
Typ at 60Hz/
1KHz 7/01. 4:1

Supply
Voltage

Typ

Size
mm

WT
gms

Price
inc
VAT

.. it, 15 4-8 11015% <0.006% 2 18 76 u 68 x 40 240 [B 40
11060 30 4.8 0.015% <0.006% 2 25 76 x 68 x 40 240 (9.55
II V60611 31)  311 433 11.015% <0.006% 225 120 x 78 0 40 420 C18.69
iiv124 611 4 0.01% <0.006% i 26 120 0 78 if 40 410 [20.75
110123 6() 11 1201% <0.006% 2 35 120 x 78 a 40 410 [20.75
11)+244 120 4 0.01% <0.006% 2 35 120 x 78 x 50 520 [25.47
1102/111 12)) 8  0.01% <0.006% 250 120 x 78 x 50 520 025.47
I-IY:164 180 4 0.01% <0.006% 2 45 120 x 78 x 100 1030 E38.41
110368 180 8 0.01% <0.006% 260 120 x 78 x 100 1030 (38.41

Protection Full load line. Slew Rate 15v/ps. Risetirne: Bps. S/N ratio: 100db.
Frequenc response -3d8) 15H - 50KHz. Input sensitivity) 500mV rms.
Input Impedance 100011 . Damping lector. 10011z >400.

PRE AMP SYSTEMS

Module
Number

Module Functions Currant
Required

Pros inc.
VAT

1106 Mono pre amp MX /Mag. Cartridge/Tuner/Tape/ 10mA [7.60
Aux  Vot/BaSs/Trebie

110116 Stereo pre amp Mic/Mag. Cartridge/Tuner/Tape/ 2OrnA [14.32
Aux + Vol/Bass/Treble/Balance

HY 7) Guitar pre amp Two Guitar (Bass Lead) and Mic 
separate Volume Bass Treble + Mix

20mA [15.36

l' V78 538'.0 Pre amp As HY66 Less tone controls 2OmA E14.20

Most pre -amp modules can be driven by the PSU driving the main power amp
A separate PSU 30 IS available purely for pre amp modules if required for
E5.47 (inc. VAT). Pre -amp and mixing modules in 18 different variations.
Reese send for details.
Mounting Boards
Fur ease of construction we recommend the B6 for modules HY6-H Y13 E1.05
linc VAT) and the 666 for modules HY66-HY78 E1.29 (inc. VAT)

POWER SUPPLY UNITS lIncorporahng our own toroidal transformers)

Model
Number

For Use With Price on.
VAT

PSU 210 1 or 2 HY 30 C11.93
PSU 41 X 1 or 2 HY60, 1 x HY6060. 1 a HY 124 013.83
PSU 42X I 0 H Y 128 [15.90
PSU 43X 1 0 M05128 E16.70
PSU 5IX 2 x HYI28, 1 x1-/244 E17.07

MOSFET MODULES

Module I Output Load DISTORTION Supply Size WT Price
Numb.. Power Impedance T.H.D. I.M.D. Voltage mm gms inc.

Wets /1 Typ at 60Hz/ Typ VAT
rms 1KHz 7101z 4:1

MOS 128 60 4-8 <0.005% <0.008% 3 45 120 x 78 , 40 420
MOS 248 120 4-8 <0.005% <0.006% 0 55 120 x 78 a 80 850
MOS 364 180 4 <0.005% <0.006% ± 55 120 x 78 0 100 1025

Protection. Able to cope with omplex loads without the need for very special
protec ion circuitry (fuses will suffice).

Slew rate. 20v/ps. Rise time. 3ps. S/N ratio: 100db
Frequency response I-3481: 15Hz - 100KHz. Input sensitivity: 500mV rms
Input impedance. 100K 11 Damping factor. 100Hz >400.

'NEW to ILP' In Car Entertainments
C15
Mono Power Booster Amplifier to increase the output of your e
or cassette player to a nominal 15 watts rms.

Very easy to use.

Robust construction.

ring car radio

£9.14 (inc. VAT)
Mounts anywhere in car.

Automatic switch on.

Output power maximum 22w peek into 411
Frequency response (-3481 15Hz to 30KHz, T.H.O. 0.1% at 10w 1K1 -1z
S/N ratio (DIN AUDIO) 80dB, Load Impedance 311.
Input Sensitivity and impedance Iselecteblel 700inV rms into 15K fl 3V rms into 811
Size 95 x 48 a 50mm. Weight 256 gms.

C1515
Stereo version of Cl5

Size 95 x 40 080. Weight 410 gms.

£17.19 linc. VAT)

Model
Number

For Use With Price inc.
VAT

8S0 52X 20 HY 124 E17.07
PSU 53X 2 o MOS128 E17.86
PSU 54% 1 x HY248 [17.86
PSU 55% 1 x M05248 E19.52
PSU 71X 2 0 HY244 E21.75

Plea. now. X in pert no. indicates primary voltage Please insert "0- in place of
X for 110V, "1" in place of X for 220V. and' 2- in plat of X for 240V.

Model
Number

For Use With Price inc.
VAT

PSU 720 2 x HY2413 [22.54
PSU 730 1 it HY384 E22.54
PSU 74X 1 x HY3613 C24.20
PSU 750 2 x MOS248, 1 x MOS368 [24.20

54 Hobby Electronics, December 1982



WITH A LOT OF
HELP FROM 1113C) ILELECTRONICS LTD

PROFESSIONAL HI -Fl THAT EVERY EN

CAN HANDLE

Unicase
III

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

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

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

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

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

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

UNICASES

HIFI Separates
Price inc.
VAT

UC1 Preamp £29.95
L,P1X 30 + 30W/4-8.0. Bipolar Stereo HiFi (54.95
UP2X 60W/411 Bipolar Mono HiFi £54.95
UP3X 60W/8n Bipolar Mono HiFi £54.95
UP4X 120W/4/1. Bipolar Mono HiFi £74.95
UP5X 120W/8n Bipolar Mono HiFi £74.95
UP6X 6CAN/4-8n MOS Mono HiFi £64.95
UP7X 120W/4 -8.n MOS Mono HiFi £84.95

Power Slaves
US1X 60W/411 Bipolar Power Slave £59.95
US2X 120W/411 Bipolar Power Slave £79.95
US3X 60W/4 -8n MOS Power Slave £69.96
US4X 120W/4-81-1 MOS Power Slave £89.95

Please note X in part number denotes mains voltage. Please insert '0' in place of
X for 110V,'1' in place of X for 220V (Europe), and '2' in place of X for 240V
IU.K.1 All units except UC1 incorporate our own toroidal transformers.

NTHUSIAS

TO ORDER USING OUR FREEPOST FACILITY
Fill in the coupon as shown, or write details on a separate sheet of paper,
quoting the name and date of this journal. By sending your order to our
address as shown at the bottom of the page opposite, with FREEPOST
clearly shown on the envelope, you need not stamp it. We pay postage for
you. Cheques and money orders must be crossed and made payable to I.L.P.
Electronics Ltd. if sending cash, it must be by registered post. To pay C.O.D.
please add £1 to TOTAL value of order.

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF
REQUIRED

IL 113
ELECTRONICS LTD

Post to: ILP Electronics Ltd, Freepost 6,
Graham Ben House. Roper Close.
Canterbury. CT2 7EP. Kent. England
Telephone. 102271 54778.
Technical: 102271 64723.
Telex 965780.

Please send me the following

Total purchase price

I enclose ChequeD Pbstal Orders17 Int. Money Order

Please debit my Access/Barclaycard No.

Name

Address

) Signature

Hobby Electronics, December 1982 55



IN Project

TAPE/SLIDEE
SYNCHRONIZER

Keep your audio in sync with your visuals!

THERE ARE several different types of
slide/tape synchroniser, but the
function they all perform is to record
short "bleeps" of tone, on a cassette
or tape recorder, and then use these
tones on playback to automatically
operate the slide -change mechanism of
the projector. In its most basic form, a
unit of this type is simply used with a
monophonic cassette or tape -recorder
as a programmable slide timer, or in
conjunction with stereo tape
equipment the "bleeps" can be
recorded on one channel while the
other carries background music and (or)
a commentary.

More sophisticated units enable the
tone to be mixed with the music or
commentary during records. Then,
during playback, circuits in the unit
operate the projector only when the
"bleeps" of tone are detected and
ignore other signals on the tape, so that
spurious operations of the projector are
avoided. This system has the
advantage of enabling the slide show
to have a monophonic accompaniment
using a monophonic recorder, or a
stereo accompaniment using a stereo
recorder, but is not very satisfactory in
practice since the "bleeps" are clearly
audible to the audience, and are
something of a distraction.

This problem can be overcome using
the arrangement described above plus
an additional stage which operates
during playback to filter the "bleep"

signals from the output. The HE
Slide/Tape Synchroniser is of this type,
but it is reasonably simple and
inexpensive and does not require any
test equipment to enable it to be set up
correctly for use. It would not be true
to say that there is no loss of quality
introduced by adding in the "bleeps"
to one channel and then filtering them
out again, but the loss of quality is not
likely to be noticed, even if your slide
shows are not quite as riveting as they

might be!
The bursts of tone are at quite a high

frequency (about 5kHz) and when
these are filtered out, any signals at
around this frequency in the music or
commentary are also removed. This
obviously gives a certain loss of audio
quality but, as only a very narrow band
of frequencies are seriously affected
and the fundamental frequencies in
music are usually below 5kHz (so that
only harmonics are attenuated by the

PLAYBACK
INPUT

SW

Cl
100u

Al
220k

SW2
TONE

-I- C2
100n

RV1
47k

RV3
47k

4 R4
3k9

NOTES:
IC1,2 ARE 741C
D1,2 ARE 1N4148

2

PLAYBACK

RECORD

2 A

OFF
SW1a

SK2
RECORD
OUTPUT

6
IC2

C8
R8 10u

100k

R7
100k

+C5 C6
100n T 47n

Figure 1. The Record section circuit.

C7
1u

R9
100k

SK1
RECORD

INPUT

81
9V
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How It Works
A MIXER and a tone generator are
used to add bursts of high frequency
tone to the input signal when a push
button switch is briefly operated; the
output is fed to the input of one
channel of a tape recorder. Another
circuit is used to process the signal
when the tape is played back; the
purpose of this circuit is to separate
the bursts of tone and the main
signal. The tone bursts are used to
automatically operate the projector at
the appropriate times, and this signal
is filtered from the main signal using a
bandpass filter tuned tio the
frequency of the tone signal. The
output of the filter is fed to a driver
circuit which pulses a relay when the
tone bursts are detected; a pair of
relay contacts are used to operate the
slide change mechanism of the
projector.

TONE
GENERATOR

RECORD PLAYBACK
OUTPUT INPUT

RECORD
INPUT

NOTCH
FILTER

BANDPASS
FILTER

On playback the output from the
tape recorder is also fed to a notch
filter which gives very high
attenuation at the frequency of tone
bursts, and thus eliminates them, but
enables other frequencies to pass
unhindered. In practice, the notch
filter will actually remove some of the
wanted signal, while the bandpass
filter permits some of the main signal
to pass through to the relay driver.
However, the loss of quality is not
serious, and breakthrough to the relay
driver should not cause spurious
operation of the unit.

The "bleeps" of tone are also fed
to the bandpass filter and the Record
Output so that the projector is
operated when the push button is
operated, so that the tone burst is
added to the sound track as the
projector is operated.

PLAYBACK
OUTPUT

RELAY
DRIVER RELAY

PROJECTOR
CHANGE
SWITCH

filtering) there is no drastic loss of
quality. There is also, inevitably, a
reduction in the signal-to-noise ratio,
but this is marginal and is of no
practical consequence.

The unit is powered from an
ordinary 9 volt (PP6 size) battery, and
it should be compatible with any
normal cassette or reel-to-reel tape
deck or recorder. It has unity voltage
gain in both the recording and playback
modes and should not introduce any
problems of incompatibility between

the tape machine used and other items
of equipment such as the amplifier
used during playback.

The Circuit
If we consider the recording circuit
first, (shown in Figure 1), ICI is used
as the tone generator. The oscillator
configuration is a form of the Wien
Bridge which is capable of giving a
good quality sinewave output. The
operating frequency is determined by

R2, RV2, C3, C4 and R4; adjusting
RV2 permits the operating frequency to
be varied from around 2kHZ to 10kHZ.
In use, RV2 is adjusted to adjust the
output frequency to give maximum
attenuation from the notch filter in the
playback circuit; this is nominally at
5kHZ.

R3, D1 and D2 form a negative
feedback network, RV3 can be set to
give gentle oscillation with a
reasonably pure output. D1 and D2
help to stabilise the feedback at the
correct level and make the adjustment
of RV3 a little less critical.

IC2 is used as a standard operational
amplifier mixed circuit having unity
voltage gain. RV1 controls the volume
of the tone signal fed through to the
output socket, so that it can be set at a
suitable level relative to the main
signal; however the tone signal is only
coupled through to RV 1 when SW2 is
operated.

The circuit diagram of the playback
section of the unit is shown in Figure 2.
C 17 couples the input signal (from the
recorder) to a notch filter, which is
basically a twin -T type using C18, 19,
20, R1 7, 18, 19, and RV5. RV5
enables the attenuation of the filter to
be peaked at a very high level (about
80 dB or more).

A problem with a simple, twin -T
filter is that it tends, also, to
significantly attenuate signals at
frequencies well away from the centre
frequency, and in this application the
audio quality would be adversely
affected. Typically, a twin -T filter gives
about 10 dB attenuation at half and
double the operating frequency. In this
circuit, the response of the filter is
improved by the negative feedback
loop around IC4. The circuit may look a
little confusing, due to the use of two
negative feedback loops, but the effect
of this is to stabilise the gain of the
circuit at unity. This can only be
achieved at frequencies where the
losses through the twin -T network are
fairly low, however, and at the
operating frequency of the filter its
losses are far too high to be
significantly reduced by the negative

SK3
PROJECTOR

CHANGE
SWITCH

+ C9
- 100.

RLA1
185R
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C10

D3

D4

11

22n

105
C12
100n

6 B
0 V+

R22
15k

ar'SW16

FROM TONE
R14 GENERATOR

100k VIA S1N1a
R20 NOTES:
47k IC3,4 ARE LF351

1C16 Q1,2 ARE BC650
D3,4,5 ARE 1N4148

C15
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R16 C20 C21
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1-MAC-
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RV4
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6

C22
4u7 SK5

PLAYBACK
OUTPUT

2

C17
4u7

PLAYBACKAYBACK
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41e-NYv R17 R19 R21

R12
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INPUT 68k 68k 180k R24
1M

I
C14
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R11
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Figure 2. The Playback section; the tone filter circuit is on the right (1C4)
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Figure 3. PCB overlay for the Record section circuit.
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Figure 4. The PCB and component overlay of the Playback section.

SK3

10 Al

SKY

feedback. Thus the response of the
filter is improved, with reduced losses
away from the operating frequency but
with the deep attenuation notch being
retained.

C15 couples the tape input signal to
an emitter follower buffer stage which
uses Q2, and this simply ensures that
the next stage is fed from a suitably
low source impedance. The next stage
of the circuit is actually a standard
operational amplifier bandpass filter
using IC3, tuned by RV4 to peak the
response of the circuit at the correct

frequency.
The output of IC3 is coupled to a

smoothing and rectifier circuit which
drives Q1 which, in turn, drives the
relay coil. When the bursts of tone are
present on the input signal, these
produce a strong positive bias at the
base of Ql, which is then switched on,
activating the relay and the projector's
slide change mechanism via a set of
normally open relay contacts.

SW1 is the mode swit ;11; this
couples the output of the tone
generator through to the playback

Parts List
RESISTORS
(All Y4 W 5% Carbon)
R1 220k
R2 470R
R3,20 47k
R4 3k9
R5,6,1 3 4k7
R7,8,9,14,14 100k
R10,11,22,23 15k
R12 680k
R16 22k
R17,19 68k
R18,21 180k
R24 1M

POTENTIOMETERS
RV1,3 47k

0.1W horizontal preset
RV2 4k7

linear carbon
RV4 4k7

0.1W horizontal preset
RV5 47k

linear carbon

CAPACITORS
(All C280 polyester unless noted)
C1,5,9 100u 10V

axial electrolytic
C2,10,12 100n
C3,4,16 10n
C6 47n
C8 10u

25V axial electrolytic
C11 22n
C13,14 1n

polycarbonate
C15 3n3

ceramic
C17,22 4u7

63V axial electrolytic
C18,19,20,21 470p

polystyrene

SEMICONDUCTORS
IC1,2 741C

op -amp
IC3,4 LF351

bifet op -amp
Q1,2 BC650
D1,2,3,4,5 IN4148

MISCELLANEOUS
RLA1 12V 185n coil

2 pole changeover contacts
SW1 3 way 4 pole rotary
SW2 Push to make non -locking type
B1 PP6, 9 volt
Case, about 203 x 127 x 51 mm;
battery clip (PP3 type); PCBs; three
control knobs, wire, solder, etc.

BUYLINES page 34

circuit when the unit is in the record
mode (it also provides on/off switching
for both circuits). Note that power is
applied to the playback circuit when
the unit is in the recording mode, so
that the relay activates the projector to
synchronise the slide -change with the
sound track.

Construction
An aluminium case measuring about
203 x 127 x 51 mm will comfortably
accommodate all the components,
including the battery. The four controls
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HE SLIDER
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Figure 5. Connecting the unit for Record deft) or Playback (right).
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are mounted on the front panel,
although SW2 can be mounted in a
separate small (hand held) case and
connected to the main unit via a lead
several feet long, if this will be more
convenient in use. The lead would need
to be terminated in a two way plug and
SW2 would be replaced (on the front
panel of the case) by a matching two
way socket. Note that this socket
should be a type which is insulated
from the case, such as a plastic jack
type or a two way DIN socket. SK1 to
SK5 are mounted along the rear panel

of the case; these are all3.5 mm jacks
on the prototype, but can be changed
to any other type of socket, if this will
be more convenient in use.

The other components are mounted
on two printed circuit boards, one for
the recording circuit and the other for
playback. The component layouts and
wiring are shown in Figures 3 and 4
respectively; use Veropins at points
where off -board connections will be
made. The specified relay will fit
directly onto the printed circuit board,
but other types will work provided they

have a coil resistance of about 185
ohms or more, will operate from about
6 volts, and have at least one set of
normally open contacts rated at about
2 amps (AC) or more. However, if an
alternative relay is used it will be
necessary to alter the PCB to suit, or
mount the relay off -board. Incidentally,
the specified relay has two sets of
changeover contacts, with four of its
pins unused.

Setting Up
A quick initial check of the unit can be
made by switching the unit to the
recording mode and operating SW2. If
the output of SK2 is monitored using
an amplifier and loudspeaker (or even
just a crystal earphone), a tone should
be produced when SW2 is operated,
provided that RV3 is set well into the
anticlockwise position. RV1 should
control the volume of the tone, with
RV2 giving pitch control.

The next stage is to set RV5 at
about half way and monitor the output
from SK5. By adjusting RV2, it should
be found that the tone is greatly
attenuated at some setting that gives a
fairly high pitch and, by repeatedly
adjusting RV2 and RV5, it should be
possible to eliminate the fundamental
frequency of the tone. With the tone
generator oscillating strongly there will
be quite strong harmonics (multiples of
the fundamental frequency) at the
output although, due to the high
frequency of the tone, probably only
two harmonics will be audible. Setting
RV3 further in a clockwise direction
will produce more gentle oscillation but
will alter the pitch of the tone slightly,
and RV2 will need to be readjusted. A
little experimentation with the settings
of RV1 to RV3 should produce a
reasonably pure tone, with the filter
attenuating this to an insignificant
level.
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By adjusting RV4, it should be

possible to get the relay to operate
whenever SW2 is operated; at this
stage RV4 should be set in the middle
of the range. If suitable test equipment
is available, this can be used to help
peak RV4 at the correct frequency. In
the absence of test gear, the best
procedure is to make a recording of the
tone signal (taking the output from
SK2) at a recording level of about - 12
dB to -18 dB and then play this back
into SK4; adjust RV4 to give reliable
operation of the relay.

It is just possible that the output of
the recorder may be inadequate to
operate the unit reliably, and in this
case it is better to boost the sensitivity
of the circuit by using a higher value for
C1 5 than to use a higher recording
level. Similarly if your recorder has an
abnormally high output and the unit
operates with a wide range of settings
of RUG, it would be advisable to reduce
the sensitivity of the circuit by making
Cl 5 lower in value. Otherwise the
bandpass filter might be overloaded
and give spurious operations of the
projector.

Before using the unit it is a good
idea to check that RV2 and RV5 are set
for optimum attenuation of the tone
signal (RV3 should need no further
adjustment, once set correctly). RV1 is
set to give a recording level of about
- 15 dB from the tone signal source,

having a substantially different signal
source. Once set, RV1 should not need
any readjustment unless a different
signal source, having a substantially
different output level, is used.

The normal way of making a tape
using a synchroniser is to connect the
unit to the projector and load the slides.
The commentary and (or) music are fed
through the synchroniser (which should
be set to recording mode, of course)
and into the tape recorder. SW2 is
operated at the points where slide
changes are required and this will
operate the projector via the relay, as
well as recording the tone bursts. To
give maximum reliability, SW2 should

be depressed as long as necessary, but
without causing a double slide change
to occur, and a good quality tape
should be used. This minimises the risk
of tape 'drop -outs' causing a slide
change to be missed and the tape
having to be re-recorded.

If the unit is used with stereo
equipment, the convention is that it is
used in the left hand channel. Input and
output sockets for the right hand
channel could be added to the unit, but
in practice this channel can simply be
coupled direct from the program source
of the recorder during record, and from
the recorder to the amplifier during
playback. HE

BOXES
High cloddy Black ABS plastic or diecast plain a
grey

I W 0 ABS
50 50 25

100 86 25 2007 96p
113 63 31 2003 1880
121 66 10 3361 115p
152 82 50 2005 134P
192 113 61 2006 236p

VERO RANGE plastic boxes
I. W 0
72 47 15 11024

IN 50 35 11390
IN 110 55 11391

stove

PLAIN STOVE ER
50017 90p 5001 123p

5002P 117p 5032 154p
50037 113p 5063 1Mp
50317 182p 5004 ribp
50)5P 216p 5005 21111p

50067 314p 5005 401p
G RANEE broffissmnal InstrumentInstrumentCases

51p 134 90 41 21089 E11.481E83p

224 140 61 21090 E11.826
151p 302 170 84 21091 014.8881

-yawmaw

VEROBOX CASES t'inilhl:.-n2Pc'het:114=1ABS, light grey top; dark grey
honor's .2 anodised panels

I D N TYPE PRICE
205 140 40 21034 E4.52
205 140 75 21035 E4.02
205 140 110 21036 16.54
180 120 39 21037 £4.11
180 120 65 21038 14.40
180 120 90 21039 E4.69
155 85 39 21040 C3.31

155 85 60 21041 0.31
155 85 80 21042 E4.30
125 65 30 21047 02.35
125 65 39 21048 £2.99
125 65 50 21049 0 37

SWITCHES - Wevechange
Type CR - 1P/12 way, 2P/6W; 3P/4W; 47/3m80.
MIN. TOGGLES - 57101, SPOT 57p; 57201 DPDT 87p, S7301 3PDT
E1.54; 67401 4PDT 0.75; 7211 1P3W /1.40; Centre off 57103 SPDT
71p; 57203 DPDT 960.
Push button min 8531 make/8533 break Up; 8225 DPDT E1.34
DUAL IN UNE ERG colour coded 03 x0 1 format. On/Off single
throw 2P SDS2 54p; 4P SOS4 96p, 6P SDS6 E1.34. OP SDS8 61.1117.
10P SDSO 0.10.
LOW COST D -I -L 4P ON 004 (Op; 8P DNS08 E1

METERS
Large range of types in stock also probes,
leads, CC0550,,e5, etc.

PANEL MOUNTING in 50, 100. 5000.A; 1, 5. 10, 50. 100
500mA; 14 either model

MULTIMETERS
INN

NEW
10K1IN

A C OCI
RES/dB
n 2 3

ranges
13048 88

37rorn
01.211N

T Rene
60 45nrn

ES.N

EN 3111101

213611,11
AC/DC/R/
dElfTransis

tor Test
n 2 1

tinges
145 96

45rnrn
£1699"

MUM,.
93 45ew

62.91

CIMM
NW

ICON 314 di
90119991

Push button
it ranges

170 x 80

36mm
02 WI

99sr 

ELECTROWFJE
FOR SERVICE YOU CAN TRUST

1 MORE IC SUPER SAVERS 1
ALL PRI

7400
7400
7401
7402
7403
7404
7405
7406
7407
7408
7409
7410
7413
7414
7420
7430
7440
7442
7443
7444
7447
7448
7450
7451
7453
7454
7460
7470
7472
7473
7474
7475
7476
7480
7482
7483
7485
7486

11

tti
15
20
20

51:

14

18

20
15
14

4031

60
38

40

1:
14
14
14

32°3

66MM

80
20

7489
7489
74791
7492
7493
7494
7495
7496
74100
74104
74107
74121
74123
74125
74126
74141
74151
74154
74155
74156
74157
74190
74192
74193
74393

159
zs
36

35

25

35
40
80
40

24
40

34
33
51
40
60
39
40
30
48
se
se

74LS
741500
741002
741004
741005
741008
741010
741011
741014
741020
741030
741.032
741037

11

11
12

12
12
12

12
32
12
12
14

14

A

741038 15

741542 M
741547 66
741051 14

741073 18

741S74 18

741075 22
741076 51

741085 48
741_086 20
741.090 27
741_092 M
741093 24
741_0107 40
7415112 22
7410123 38
7410125 29
7415126 27
7415132 10
7415136 25
7415137 110
7415138 30
7410139 36
7410145 70
7410148 89
7410151 40
7410153 40
74L0155 38
7410156 M
7416157 30
7416161 37
7415163 38
7416164 43
7410165 60
7415166 90
7410173 55
7410174 46
7410175 40
7410191 50

Va N E
7416193 40
7416195 39
7416196 48
7410197 60
7410221 51

7416240 55
7116211 55
7415242 75
7415243 75
7410244 1117

7410215 95
7416251 66
7416253 43
7410257 M
7416259 84
7416266 M
7410273 60
7410279 40
7415299 260
7416367 34
7415368 24
7415373 84
7415374 68
7416378 60
7415393 60

CMOS
4000
4001
4002
4005
4007
4008
4009
4010
4011
4012
4013
4014

10
to
12
50
11
40
24
24
12
15
20
46

4015
4016
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030
4041
4042
4043
4044
4046
4049
4050
4060
4069
4070
4071
4072
4081
4082
4093
4510
4511
4514
4516
4518
4520
4543
4583

40
20
35
46
25
42
40

3514

32
14
80
20
20

4616

44
40
40
412

46
23
23
46
14
14

1414

1414
20
46
46

120
53
40
so

120
138

CAPACITORS
POLYSTYRENE. SIEMENS 5% Tolerance 160V---(:41117-'.
S. 7, 10, 12, 15, 18, 22, 27, 33, 39pF 12p; 47, 56, 68. 82. 100. 120, 150,
180, 220, 270. 330 390, 470. 560, 680, 820pF; In. 102. 105, 108. 202,
2e7, 3n3, 309, 4n7 13p, 506, 6n8. 8n2 10p
CERAMIC Very small. 1.8. 2.2.2 7. etc up to 1 n Sp each 105. 202.
303, 4n7, 6118 Sp; 100, 22n 6p. 33n. 470 7p; 100n Op.
POLYESTER, SIEMENS LAYER -TYPE 7 5mm lead spacing 700V
In, 105. 202, 303. 69; 407. 6o8, 802. 10n. 12n, 15n, 180. 22n, 27n, 33n.
39n, 47n 7p. 82n, 100n 9p; 120n. 150n 11p; 180n, 220n 12p; 270n, 330n
15p: 390n, 470n 17p; 560n. 680n 24p; 70mm spacing 1,,F 28p, 15mm
spacing 2µ2 36p; 22.5mm spacing leF 400V 47p; 3.3,,F 100V 89p; In-
depth stocks.

ELECTROLYT1CS NON-potatr (for LS X-overs) 50V peek 20F 211p; 40F
21p; 6, 13. 10, 164,F 32p; 25µF 37p; 40, 603pE1610; 100pF 59p.
POLARISED, SIEMENS OR MULLARD IsoF/V) 1/63. 2.2/63, 4.7/63,
6.8/40, 10 /25, 22 /10, 10p; 10/40, 22/25, 47/10 11p; 47/25 12p; 100/10
13p; 10/63, 22/40, 100/16 14p; 22/63, 47/40, 100/25, 100/40 115p;
220/10,220/16 15p;220/25 189; 220/40 20p; 470/10, 470/16, 470/25,
100/10 19p: 470/40, 1000/16 27p; 1000/25 36p; 1000/40, 2200/1644p,
1000/63 789: 2200/40,4700/16 73p.

PLUGGABLE SIEMENS single ended
1/63, 2,2/53, 4.7/6310p; 10/63, 22/63 8p; 22/40, 47/1610p; 47/4012p;
47:63 10p; 100/16, 100/25, 100/40 10p; 100/63 20p; 220/10 13p;
220/16, 220/25 13p; 470/6.3 15p; 470/10 18p; 470/16 18p; 470/25 22p;
470/40213p; 1000/1022p; 1000/1623p; 1000/25 40p.

LARGE CANS SIEMENS
2200/63 E1,77, 4700/40 01.78; 4700/63 12,96; 4700/100 05.54;
10000/1661.93; 10000/25 E2 .78 , 22000/16 E3.20; 22000/25 E4.73.

TANTALUM
0.1/35, 0.22/35. 0.47/35. 1/35, 2.2/16 13p; 2.2/35, 2.2/16 13p;
2.2/35, 4.7/16 16p; 10/6.3 18p:4.7/35. 10/16, 22/6.3, 10/25
15p;22/16. 22/25, 33/10, 47/6,3. 100/3 30p

LOW LEAKAGE All single ended
0.1/50.0.22/50, 0.47/50, 4.7/3511p; 1/50, 2.2/50.4 7/5011p; 10/16,
22 /6 11p; 10/35, 22/10, 22/16, 22/35, 47/6, 47/10 12p; 47/16, 100/6
12p

CATALOGUE 70p POST FREE INC. 70p REFUND VOUCHER

RESIVORS
4 watt - all 2p each, 10 of one value 150.

2% Mullard metal film 5 1 ohms 3000 Sp each. 10 of one value 40p.
5% wire wound 3W or 7W, most El? values 1 2 ohms to BK2 It, each
10for 70p.

LARGE SAE BRINGS LATEST 16p ENLARGER PRICE LIST FREE

ORDERS CAN BE
ACCEPTED BY MAIL

OR TELEPHONE

Please mention this magazine when ordering or writing

POTENTIOMETERS
Carbon rotary IP20) 100 ohms -4547 lin, 220 ohms -2M2 log 35p or
w swath - 110p; Duel gang IJP201)4K7 - 2M2 Ion or log Np or w.
switch E1.44.
SLIDERS 581nm, low cost 10K - I M log only 29p. Std 58rnm mono
407 - 1M lin or log 36p. stereo matched E1.25. Graduated bezels 36p,
PRESET min. I Ornm dia. Horizontal or vert 100 ohms 1 M ea13p.Cerrnet
10mm do Horiz. 0 Pert 1000--1M ea 24p, Cermet rectilinear type
1000 1M ea E1.06. PLESSEY MPW moulded carbon 470-2Ms ea 59p.

 VAT - additional at 15% on all UK orders
 FREE POSTAGE and packing on UK CWO orders 0.76 inc. VAT and up-

wards. Under add 40p inc. VAT. Normal despatch in 24 Hours.
 DISCOUNTS CWO orders over 123.00-5%, over E57.50 -10%
Discounts do not apply to 'Net' items (shown by N after the price, or to
orders paid for by credit card)

 Normal Despatch within 24 hours.

Headquarters for mail orders and shop

ELECTROVALUE LTD
200 St Jude's Road, Englefield Green, Eghem, Surrey TWO OHB
Telephone Egham ISTD 0714; London 87) 33303; Telex 264475.

Northern Branch (personal shoppers only)
110 Burnage, 1.1/indenter M19 INA.
Computing at:
700 Bumage Lane, Manchester (061-431 4866/
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ROADRUNNER WIRING SYSTEM:"
Using this low cost, simple 1

technique, you will speed up
your wiring times and produce'
a very professional result! I
Please take advantage of our special I

offers and order now!
Used extensively in industry this is a truly professional system ideal I 2

ccfor the home engineer. I o
EXCLUSIVE INTRODUCTORY OFFERS TO H.E. READERS! 1ILcc
EUROINTROKIT ROADRUNNER IRON

I
w

ONLY ONLY cc

£13.50 £6.15 11°
15% SAVING!
NORMAL PRICE I

30% SAVING!
NORMAL PRICE

£19.31

Consists: S/Eurocard, wiring pencil, 4 diff.
coloured enamelled wire bobbins, TCW bobbins,
10 glue strips, 30 press strips, 100 solder pins.

Spec - 240V 17W High
for soldering enamelled

£7.24

temp iron, suitable
wire.

Please ask for our 1982 catalogue These offers are fully inclusive of carnage, packing and VAT

VISA

We welcome orders using
Access & Barclaycard.

Roadrunner Electronic Products Ltd.
UNIT 3 THE HASLEMERE INDUSTRIAL ESTATE
WEYDOWN ROAD, HASLEMERE, SURREY,
ENGLAND. GU27 187.
TEL: 0428 53850

Electronic manufacturers and distributors
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The name to remember
in electronics.

*ft

ITKO.443Ros.
SAFGAN OSCILLOSCOPES- 5 mV/div sensitivity. Choice of Band-
width 10, MHz, 15 MHz, 20 MHz. 1S/div-100n S/div. Calibrated
timebase. Solid trigger with bright line auto, normal and TV.
KY facility. 2 modulation. Calibration output. Bright and clear
display. Portability. *Model DT410-10 MHz 005.85.
Model DT415-15 MHz £217.35.  Model DT420 20 MHz
£228.85. Send S.A.E. FOR FULL spec.

THANDAR TM354 3Y, DIGIT LCD DIGITAL POCKET MULTIMETER
DC volts 1 mV to 1000V  AC volts 1V to 500 V AC rmsDC current
1,ua to 2A Resistance 112 to 2 MO Diode checkBasic accuracy -I-
(0.75% of reading + 1 digit)  Battery life typically 2000 hrs  leads
inc.  £45.94  40KV Probe £34.95.Universal test lead set £12.95.

KD55C LCD DIGITAL MULTIMETER
 3) digit  Auto zero  Auto polarity  Full overload protec-
tion  10 MegU input impedance  Over range and low battery in-
dication  DC volts 200 mV -1000 V 5 ranges  AC volts
200 mV -700 V 5 ranges  DC current 200 µa 10 A 6 ranges  AC
current 200 µa-10 A 6 ranges  Resistance 200 0-200 Megl3
 Complete with battery, test leads, spare fuse and carrying case

£39.95

THANOAR SC110 SINGLE TRACE LOW POWDER 2"
OSCILLOSCOPE  Bandwidth DC to 10 Mhz  Sensitivity: 10mV/
div to 50 V/div. Sweep speeds: 0.1/u secs / div to 0.5 secs/div.

Power reouirements 4-10 V DC 4 'C' cells : Size & weight
E5x150x40mm:800gms £171.35 a truly portable and superb
instrument  Carrying case £8.86 . AC Adaptor £5.69 Nicad Batt.

pack £8.63. "1 probe £9.78. '10 probe £11.50 Complete range of
Thandar instruments available from stock S.A.E. for CAT. & prices. VISA

1
FOP -600

EXP-300

IEXP-4B

EXP-650

II
EXP-350

EXP-3250,

ELECTRONIC COMPONENTS AND

TEST EQUIPMENT
35. HIGH BRIDGE, NEWCASTLE

UPON TYNE NE11EW TEL: 0632 326729
1

G.S.C. SOLDERLESS BREADBOARDS  Accepts all components with
leads up to 033"  Replaceable nickel -silver spring clip contacts.
 Combines bus strip with board  Unlimited expansion  3" and 6"
centre chanels Three free experimental circuits with every purchase

Centre Strip Strip Tie Term i.c.

Channel Length Width Points' Clips Cpty. Price
15mm 152mm 61mm 550 110 326pin £7.59

8mm 152mm 53mm 550 110 614pin E6.90

n/a 152mm 25mm 160 32 n/a £2.76

15mm 91mm Stmm 270 54 '40pin £4.31

8mm 91mm 53mm 270 54 314pin E3.79

8mm 46mm 53mm 130 26 I22pin £1.60

Please send S.A.E. for catalogue listing complete range of G.S.C.
Instruments and Boards.

SABTRONICS LCD MULTIMETER MODEL 2033.  DC volts 100 uV-
/IP 1000V Accuracy + -5% AC volts 1000-1000 V Accuracy ! 1%

 DC current 100-2A Accuracy * 1%  AC current 10AA-2A Accuracy
+ 1%  Resistance 10-20 MI2 Accuracy 1%  £42.27.  Please
send 30p for full Sabtronic catalogue and price list

TMK 500 MULTIMETER  30 kopv. AC volts 2.5 10 25 100 250
500 1000V  DC volts 0.25 1 2.5 10 25 10 25 100 25C 1000  DC
current 50/ua 5MA 50MA 12 amp  Resistance 0-6K 60K, 60 meg.
 Decibels -20 to + 56 d/b  Buzzer continuity test  Size 160x110

65 Batteries and leads inc. £26.95

YN360 TR MULTIMETER  AC volts 10 50 250 1000  DC volts
0.1, 0.5, 2.5, 10v 150v 250v, 1000v.  DC current 50,tia 2.5 MA,
25MA. 250 MA  Resistance 0-26 20K 2M 11 20 M!1,  Transistor
check  DB -10db -+ 22db £16.95

41- DESOLDERING TOOL £5.45

SCHOOLS, COLLEGES, UNIVERSITIES SUPPLIED. PHONE OR
SEND YOUR ACCESS OR BARCLAYCARD NUMBER.

PRICES INCLUDE VAT PLEASE A00 75p POSTAGE TO
ORDERS UNDER £10.00
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 Project

POP -AMPS
Owen Bishop

Simple measuring circuits based on operational amplifiers

No. 2: Voltage
follow -and -hold
circuit

ONCE in a while, and probably more
often, it is necessary to measure a
voltage which is changing rapidly -
but trying to follow the needle of the
voltmeter by eye and read it at just the
right instant is tension -generating, to
say the least! And, if your eye cannot
follow the needle, it is likely that the
needle cannot follow the rapidly
changing input voltage, either, so
whatever reading you have struggled to
obtain will be doubly in error. This
circuit, however, gives your eye and
the needle a breathing -space in which
to catch up with the changing voltage.
Pressing the button, it takes a sample
of the input voltage at any instant; the
circuit then holds the sampled voltage
while the needle of the meter comes to
rest, and your eye has time to take the
scale reading with all the accuracy you
need.

The Circuit
The output of the circuit (Figure 1)
follows the input voltage as long as the
button is held pressed. When the
button is released, the output remains
constant at whatever value it had at
the instant of release. When the button
is pressed again, the output
immediately becomes the same as the
input voltage. The operation of the
circuit is diagrammed in Figure 2.

The op -amp is connected as an
inverting amplifier with unity gain and
with the button pressed, output
follows input except that it is inverted.

NOTE: IC1 = 351

INPUT

Figure 1. The Follow and Hold
circuit.

10k

-12V

OV

I a

Figure 2(above). How it works; (a) with
+ 2V on the input, a current of 200 uA
flows into the op -amp output pin; (b)
this causes voltage drops of 2V across
each resistor, so that the inverting
input is at OV, the output at - 2V and
the op -amp is stable; (c) in " hold" ,
changes at the input cannot effect the
op -amp output.

ANY
VOLTAGE

ANY
CURRENT

ANY OV
CURRENT

INPUT
SOCKET

OV -2V

ANY
CURRENT

OV

RI R2

200uA 200uA

INVERTING
INPUT OF
OP AMP

b

V

ANY
CURRENT

OUTPUT
TERMINAL
OF OP AMP
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Project 
Now an op -amp is stable when there is
no potential difference between its two
input terminals. But since the non -
inverting ( + vel input is wired to 0 V,
the inverting input must also be at 0 V
if the circuit is to be stable. So given an
input of, say, + 2 V, a current of 200
uA flows toward the inverting input,
by way of the input resistor R1. The
amplifier input has extremely high
resistance, so almost no current enters
it, but, instead, flows on through R2
and into pin 6 of the op -amp. Since R1
has the same value as R2, and the
same current flows through each; the
voltage difference across each resistor
is the same (Figure 2b). Therefore, with
a drop of 2 V across each resistor, the
output potential is -2 V, the potential

at the inverting output is 0 V and the
op -amp is stable. In this state, one side
of capacitor Cl is at 0 V and the other
is at -2 V; there is 2 V across it.

When the button is released, the
circuit becomes as shown in Figure 2c.
The input to the circuit may change,
either increasing or decreasing in
voltage, and a varying current may
flow in either direction through Al, R2
and into or out of the output terminal of
the op -amp - but the output of the op -
amp is entirely unaffected by this! The
potential at its inverting input is held at
0 V because of Cl and, since this is
still the same as the potential at its
non -inverting terminal, the amplifier is
stable; it maintains an output potential
of -2 V.

INPUT 4
1 2 3 4

-VE
0 0 0

B 0
C 0

O

E O

F 0

G O

H O+VE INPUT 4

0 0 0
9V 4

J

H

G

F

C

B

A

5 6 7 8 9 10 11 12 13 14 15(16 17 18

0 0 0 

T
0 0 0 0

0 0 0 0 0 0 0 0

CI
I

CC

0

O
O

O

METER +VE

OV

0 0 0 0 0.

5000000.5 000000000000 oooeo000000o oo 000000000000 o000000
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0000000000000000
0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000000000000000
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

SW1

 +9V
METER -VE

Figure 3. The Veroboard component overlay (top) and the track -side view (bottom),
showing the positions where the strips are cut.

CIRCUIT
BOARD

INPUT
TERMINAL
SOCKETS

OFF

ON

DPDT OR DPST
SLIDE SWITCH

SVV1
PUSH-BUTTON

OUTPUT
TO

METER

The capacitor retains its charge for a
long time, since there is no way in
which a large current can flow from
one side of the capacitor to the other.
The plates of Cl are effectively
insulated from each other by the
dielectric, which has a resistance of
20,000M or more, while leakage into
the amplifier is very small too, since the
input impedance is 1 012R - a million
megohms! - and this high input
impedance is the reason for choosing a
JFET op -amp for the circuit. With such
high resistances, a charge of 2 V on Cl
takes 47 seconds to drop just a
hundredth of a volt. This should give
you (and the meter) plenty of time to
cope!

The circuit described has unity gain,
so meter readings are equal to input
voltages, though increasing the value
of R2, you can make the circuit amplify
the voltages as well as hold them. The
amplification is set by the ratio R2/R1;
for example, if you replace R2 with
1 00k, the op -amp amplifies ten times.

The reason for choosing the 531 in
preference to other JFET op -amps is
that it has a very high slew rate Irate of
change of output voltage) of 1 3V/us,
which compared with the rate of
OV5/us for the 741, makes it a good
device for sampling rapidly changing
voltages.

Operating the multimeter on the 10
V range means that offset null
adjustments (see Pop Amps No. 1 in
this issue) are less important and an
offset potentiometer is not needed.

Construction
There are so few components that
construction of the circuit takes only a
few minutes. The component layout is
shown in Figure 3. Whether you decide
to mount it in a case is a matter of
preference. If you have a 10 V meter to
spare, you can mount this on the case;
it does not need to have a high coil
resistance, so a cheap one will do.
Otherwise, plug your multimeter into
the circuit, using the two sockets
indicated. This circuit, like No. 1, can
also be used with the LED
Millivoltmeter featured in HE August
1982.

Parts List

HE

RESISTORS
(All 1/4 Watt 1% carbon)
R1,2 10k
CAPACITORS
C1 470n

polycarbonate
SEMICONDUCTORS
IC1 7611

CMOS op -amp
MISCELLANEOUS
2.5 mm stripboard, 48 x 25 mm; 6
x 1 mm terminal pins; 2 x 4 mm red
sockets, 2 x black; push -to -make
switch; DPDT switch; 2 x PP3
battery connectors; optional case;
wire, solder etc.
BUYLINES page 34

Figure 4. Wiring the external components to the Veroboard.
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ZX81 OWNERS
SPECIALISED PRODUCTS

MODULAR EASY TO USE

FOR HOMEIINDUSTRY Et

EDUCATION

TE10 INPUT/ OUTPUT PORT - Easy to use. Fits between ZX & RAM
PACK /PRINTER lif required). No skill required to connect. Can be used for
such things as:- motor control; sound/music generators, connection to
printers/floppy discs/light pens/other computers, temperature monitoring,
square wave generating, control of rotating aerials, even train sets etc. Port has
16 programmable 1/0 lines and may be used without any electronics knowledge
to connect other add-ons. Motherboard required ONLY when two or more add-
ons are used at any one time.
FULLY ASSEMBLED £17.95.
KIT (WITHOUT CASE) £14.95.

TE12 4 CHANNEL RELAY BOX - To suit Port Contact rating:- 240v
AC/1,5A - 24V DC or 110V AC/3A. Up to 4 units i.e. 16 relays can be
operated £14.95.

TE15 8 WAY TRANSISTOR DRIVER - £9.95
TE17 8 WAY SWITCH UNIT (EDUCATIONAL) - £12.95
7E18 8 WAY INDICATOR UNIT (EDUCATIONAL) - £12.95
7E20 JOYSTICK & FREE GAME - 12 Joysticks may be connected via
Motherborsd.) £12.95
7E30 MOTHERBOARD - Allows multiples combinations of add-ons - up
to 16 1/0 line$may be used - £15.95
7E126 POWER SUPPLY- 6/7.5/9V DC at 300 mA - Required for use with
add-ons T E12 / 15 Et 18 £4.95
23 + 23 WAY ZX Edge Con £2.85. Contact cleaner £2.30.
16 WAY SINGLE SIDED EDGE CON £1.95. EXTENDED PIO NOTES ft

PRICES INCLUDE VAT

Receipts always provided: - Delivery normally ex -stock. ADD
50p towards p&p on all orders under £20.00, with the exception
of accessories, e. g. Edge on, Full instructions and examples with
all products.
SEND S.A.E. FOR CATALOGUE. TELEPHONE ORDERS
ACCEPTED.

THURNALL (ELECTRONICS) ENG. r

DEPT PCT, 95 LIVERPOOL ROAD.
CADISHEAD, MANCHESTER M30 5BG

TEL: 061-775 4461 (24 hour)

1111111111r1

TRACKER CAR COMPUTER

"One of the neatest, most comprehensive and most useful of these car
computers that we have yet come across ..." Practical Motorist

 Economy - save petrol by improving your driving technique
and improving the tuning of your car
Performance - dynamic checks on time to improve
performance and economy

 Security - protect your car by disabling the ignition. Enter a
personalised combination to restart
Attractive, easy to fit, easy to operate - comes complete
with all parts needed. Full instructions provided
Imperial or metric read outs

The 'Tracker' car computer has been specifically designed as an integral
part of your car dashboard. using highly accurate speed and petrol flow
sensors it allows you to improve the fuel efficiency of your car by
providing information on fuel consumption and tuning.
In all over 30 functions including estimated time to arrival, fuel needed
to complete a journey, speed needed to meet an arrival time,
acceleration tests, standing quarter miles and many more.

'Tracker' car computer available at £88.50
Or as an easy -to -assemble kit of parts at £78.50
The ignition cut-out unit is optional at £7.75

All prices include VAT, Allow £1 post Et package. Goods by return.

PI MAC Systems Ltd
(Dept HE)

20 Bloomfield Road, Moseley, Birmingham B13 9BY
Tel: 021-449 0384

HIENIMINgS EtECTRONiCS LTd
Electronic Components Er Microcomputers

16 BRAND STREET, HITCHIN, HERTS, SG5 1JE
Telephone: 10462) 33031

Shop opening hours
Mon to Fri 9am to 5.30pm

Sat 9am to 5.00pm
Wed Closed

COMPUTER ICs
6502 350p
6522
6800 290p
68800 450p
6802 345p
6809 845p
68809 1350p
6809E 1295p
6810 120p
6821 160p
68821 215p
6840 390p
68840 595p
6844 1295p
6845 7115p
6850 140p
6852 250p
6854 680p
6875 490p
8726A 120p

MEMORIES
21141 90p
2716 210p
2532 380p
2732 380p
4116 86p
4164 500p
6116 450p
6116L 480p

UNEAR ICs
AY -3-1270 725p
AY -3-1350 350p
AY -3-8910 435p
AY -3-8912 620p
AY -5-1230 450p
709 35P'
741 8 pin 25p

1844800 175p
TBA5400 130p
TBA800 90p
TBA920 190p
TCA650 390p
TCA910 180p
TDA1004 290p
TL061 40p
TL062 60p
TL064 98p
T1071 30p
TL072 50p
TL074 100p
TL081 25p
TL082 45p
TL084
UPC575 149p
UPC1167 1511p
UPC2002C 285p
UPD7002 450p
ZN414 100p

TRANSISTORS
BC107 12p
BC1078 15p
BC108 12p
BC108B 15p
BC109 12p
BC109B 15p
BC109C 15p
BC147 Op
BC157 9P
BC158 9P
BC177 25p
BC178 25p
BC179 25p
BC182 10
BC182A 10p
BC182B 10p
8C183A 10p
BC183C 10p
BC184 10p
BCI 84C 10p

8D679A
BD680A
BEY50
BEY51
BFY90
BF244A
135019
BSX20
MJ2955
MJE241
MJE251
MJE340
MJE350
MJE370
MJE520
MJ E2955
MJE3055
MPF102
MRF475
MPS2369
MPS3640

8T28 12Dp 741 14 pin 25p BC212 10p MPS3646

8795 flOp 7415 55p BC212A 10p MPSA06
8796 90p 747 65p BC212I3 10p MPSA12
8797 90p
8198 90p
8035L 340p

748 35p
CA3080E 70p
CA3130E 75p

VOLTAGE I

REGULATORS

BC213A /Op
BC213C 10p
BC214 10p

MPSA13
MPSA14
MPSA18

80391 %Op LA4422 295p Ve BC214C 10p MPSA27
8080A 360p LF355 80p 100mA BC237A 12p MPSA42
8085A 460p LF356 90p 78L05 30p BC237C 12p MPSA56
8155 460p LF357 100p 78108 30p BC238 12p MPSA63
8212 155p LM301A 26p 78L12 30p 8C238A 12p MPSA64

8216 100p LM307 50p 78L15 30p BC238B 12p MPSA77
8224 160p LM308A 95p 500mA BC238C 12p MPSA92
8226 195p LM311N 68p 781005 40p BC239 12p TIP29

8228 260p LM324 35p 781006 55p BC307A 15p TIP29A
8243 210p LM339 50p 78M08 55p BC307C 15p 7IP2913

8251 300p LM348 75p 78M12 50p BC308 16p TIP29C
8253 450p LM358 60p 781015 50p 8C308A 15p TIP30

8255 280p LM380 95p 78MI8 55p BC308B 15p 71P30A

8257 450p LM381 150p 78M24 55p BC308C 15p TIP3OB

8259 460p LM393 90p IA BC309 15p TIP30C

8279 450p LM3909 95p 7805 45p BC309C 15p TIP31A

75451 86p MC1310P 210p 7806 65p BC327 15p T1P31B

75452 65p MC1455 66p 7808 65p 8C328 15p TIP31C
75491 70p MC1456 135p 7812 46p BC337 15p 711,32

75492 70p MC1458 35p 7815 45p BC338 15p TIP32A
AY -3-1015D MC32424 630p 7818 65p BC477 28p TIP32B

300p MC3302 96p 7824 66p BCY70 18p TIP32C

AY -5-1013A MC3340 120p. - Ve BC171 20p TIP33

300p MC3401 65p 100mA BCY72 20p TIP33A
MC1408 295p MC3403 70p 79L05 35p, BD135 42p TIP33B

MC1488 55p MC3456 107p 79112 35p BD136 46p TIP33C

MC1489 55p MC3480 580p 79L15 35p1 80139 40p TIP34

MC3459 266p MC34001 58p 1A 80140 40p TIP34A
280ACPU 350p NE555 16p 7905 60p BD165 46p 1I1,3413

Z80APIO 3013p 555 CMOS 90p 7906 70p 80166 45p 71P34C

280ACTC 300p NE556 55p 7908 70p 131)169 45p TIP35

Z80AOART NE565 155p 7912 60p BD170 45p 111,354

751111 NE567 140p 7915 60p BD538 95p TIP35B
SN76023 180p 7918 60p BD677 60p TIP35C
TA7205A 125p 7924 60p 00678 80p TIP36

60p
65p
24p
24p
85p
30p
28p
20p
95p
80p
90p
50p
90p
96p
90p
90p
65p
45p

290p
25p
30p
30p
20p
35p
20p
20p
20p
46p
25p
25p
30p
46p
50p
30p
35p
35p
55p
40p
50p
35p
50p
40p
40p
42p
45p
50p
45p
60p
45p
65p
65p
70p
75p
75p

99p
90p

160p
166p
170p
185p
170p

TIP36A
71P366
TIP36C
TIP41
TIP41A
TIP4113
TIP41 C
711,42
TIP42A
TIP428
71P42C
111,47
TIP48
TIP49
71P50
TIP110
TIP111
TIP112
711,115
TIP116
TIP117
TIP120
TIP121
T1P122
TIP125
TI P126
TIP140
71P141
TIP142
TIP145
TIP146
TIP147
TIP2955
TIP3055
11043
71588A
715151
2141613
2141711
2N1893
2N2218A
2142219
2142221
2N2221A
2142222
21422224
21423694
21429044
2142905
2N2905A
2N2906A
2N2907A
2N3053
2143054
2143055
2143439
2143440
2N3771
2143772
2143773
2N3819
2N3821

175p
185p
199p
50p
50p
60p
50p
58p
130p

75p
136p

50p
50p
50p
48p
30p
75p
50p
40p
73p
45p
39p
80p
75p
45p
alp

130p
140p
180p
140p
180p
170p
70p
70p
30p
48p
50p
25p
25p
35p
46p
25p
30p
30p
25p
25p
20p
25p
25p
25p
25p
25p
30p
70p
45p
9Dp
60p

160p
160p
250p

25p
120p

TERMS OF BUSINESS - Professional quality electronic components brand new and fully guaranteed. Mail
order by return of post. Cash, Cheque, Postal Order or Bankers Draft with order payable to HEMMINGS ELEC-
TRONICS LTD. Access or Barclaycard available using our 24 hour answerphone service. Monthly Credit Ac-
counts available on request to government and educational authorities. Industrial customers wishing to open a
credit account are required to furnish a bank reference and two trade references. Postage and packing add 45p
to all orders under £10. All prices are exclusive of VAT. Please add 15% to total including p&p. No VAT on ex-
port orders or books.

2N3822 120p1 2144922 95p
2143823 96p 2144923 95p
2143824 96p 2145190 75p
2143866 901/ 2145191 75p
2N3903 15P 2145192 75p
2143904 15p 2145193 90p
2143905 15p 2N5194 90p
2143906 15p 2145195 90p
2N4123 Sp 2145400 40p
2N4125 25p 2145401 40p
2144391 70p 2145415 85p
2144392 70p 2N5416 90p
2144400 20P 2N5457 35p
2144401 251' 2N5458 36p
2144402 25p 2145459 35p
2N4403 25p 2N5460 35p
2N441C 45p, 2N5551 40p
2N4416 95p: 2SC495 60p
2144856 80p 2SC1306 95p
2144857 80p 2SC1678 105p
2N4918 95p 2SC2028 75p
2N4919 120p 2SC2078 105p
2144920 130p VN1OKM 65p
2144921 105p 40673 95p

LIQUID CRYSTAL
DISPLAY MODULES
PCIMt77 Frequency Counter
5 Digits, 0.35"
FM, SW, MW, MHz, KHz
Annunciators
Sample and Hold Capability
Reset Capability
25 Selectable IF Offsets
Prescaler Available
Incandescent Backlighting
Supply Voltage 5v
Operating Current 4mA

£18.85
PCIM176 Digital Meter Module
3) Digits, 0.5"

, - and Decimal Point
200mV Full Scale Input
True Differential Input
Guaranteed "0" Reading
Single 9v Operation
Power Consumption 20mW
Accuracy 0.15%, -1- / - 1 Count
Temperature Drift 80ppm /C
Low Battery Indicator
Incandescent Backlighting

02.50
Modules are supplied with Data
Sheet.

FIBRE OPTIC
POLYMER CABLE

A 10m coil of 1mm core optical
fibre cable sheathed in black
polyethylene for protection £4.95

ALFAC ETCH
RESIST TRANSFERS

Make your own Printed Circuit
Boards with our PCB transfers
 Draw your artwork on 0.1" grid

I  Transfer to copper board
1 using carbon paper

 Burnish the Alf ac transfers to
the board using a spatula using
carbon marks to assist in accurate
alignment
 Using Alfac chemical eraser to
correct mistakes
 Etch in Ferric Chloride
EC900 /1 0.1' Edge Connector
EC902/1 0.156" Edge Connector
EC940 0.016" Lines
EC941 0.031" Lines
EC942 0.039" Lines
EC943 0.049" Lines
EC944 0.061" Lines
EC945 0.079" Lines
EC946 0.100" Lines
EC947 0.124" Lines
EC950/1 0.031" 90° Bends
EC950 /2 0.061" 90° Bends
EC952/1 0.031" 300,45060°
Bends
EC952 /2 0,061" 30°,45°,60°
Bends
EC908 0.063" Pads
EC910 0.094" Pads
EC911 0.189" Pads
EC960 /1 TO -5 Transistor Pads
EC993/1 IC Pads
EC997/1 IC Pads with tracks

between pads
5 identical sheets in sealed
pack 195p
Individual sheets 46p
Spatula AR4 for burnishing 45p
Alfac knife 180p
Spare Blades (pack of 101 280p
Alfac Eraser 40p
Alfac Precision Grids
Polyester film, matt finish
0.14mm thickness, 20 lines/in
A3 199p
A4 100p
Double Sided Fibreglass Board
1/16' thickness, 1oz Copper
5" x 4' 25p
5" x 8' 45p

ELECTRONIC HOBBIES FAIR
November 18th to 21st

Visit us on stand 414 opposite the
'Blue Bar' where we will be
exhibiting a selection from our large
range. Do not miss the many
bargains on offer.

LIGHT EMITTING
DIODES (LED)

3mm Red TIL209 10p
3mm Green LD37C 15p
Panel Clip 41'
3mm Chrome Bezel 35p
5mm Red MI1'40 L 10p
5mm Green, Yellow 15p
Panel Clip 4P
5mm Chrome Bezel 42p
Stern Square Red 25p i

Green, Yellow 30p
Tricolour V51BP 70p
Red Flashing COX21

31-1, at 5V 45p

INFRARED
TIL32 Emitter 54p ,
TIL38 Emitter 511178 Phototransistor 54p
TIL100 Photodiode 70p

EPSON MX80F/T TYPE III
PRINTER

80 Characters per Second
Friction and Tractor Feed
High Resolution 960 Dots/Line
Auto Underlining
Subscripts and Superscripts

£335
Securicor 613

VIC-20 COLOUR
COMPUTER

 SPECIAL OFFER 
VIC-20 Colour Computer
C2N Cassette Unit
Introduction to Basic (Part 11
VIC Reference Manual
Demonstration Tape
10 Blank Cassettes
VIC Computing Magazine

£215 inc VAT

COMMODORE 64
COMPUTER

64K RAM, 26K ROM
25 Lines of 40 Characters
16 Colours, 512 x 256 Graphics
Options - VIC Peripherals

Alternative Languages
Second Processor
KEYNET Network

f:299
Securicor E6

64 Hobby Electronics, December 1982



Gadgets, Games Et Kits 

HC6010 DMM
Paul Coster

An accurate and
reliable DMM with
some outstanding
features.

WHEN I unpacked the HC6010 from its
mustard coloured box, I could tell I was
in for a few surprises. Described by the
manufacturers as accurate and reliable,
it is a digital multimeter with all the
usual AC/DC current and voltage
ranges and some extra ones not com-
mon to meters in this price range - for
example, a basic DC accuracy of 0.5%.
In use it was very robust - of the
highest electronic standards of con-
struction - and well thought out. In
fact, my only real criticism was of an
aesthetic nature rather than due to any
great failing of the meter.

The 6010 multimeter is made by
Hung Chang Products and distributed
by Armon Products Ltd. The basic
ranges are AC/DC current and voltage
(extending up to 1000 V and 10 A DC,
and 750 V and 10 A DC) and two
resistance - low and high output
voltages. The display is 31/2 digit LCD
with auto -zero, auto -polarity and '10 -

bat' indicators. Range and scale selec-
tion is made via a series of push -buttons
along the left-handside of the instru-
ment. There are eight buttons in all, two
for selecting AC/DC (or hi/lo resistance)
and voltage/current/resistance and six
for setting up the correct full scale
deflection IFSD). For instance, to
measure up to 20 mA AC you would
press the top button (conveniently cod-
ed dark grey) for AC and the fifth button
to read up to 19.99 mA. However,
there's no need to worry if the value is
over range, since the meter is protected
against overloads by sparkgap
(voltage), inrush current limiter (cur-
rent) and a 2A fuse (current). Also pro-
tected are the battery eliminator input
and resistance ranges and as if that
isn't enough, the test lead sockets are
recessed - not to make plugging and
unplugging the leads as difficult as
possible as I first thought, but to ensure
there is no bare metal to give you any
nasty shocks - as part of an overall
philosophy of 'safety first'.

a A

20MI,

2000101

7001,)

201Aft

21tii

20011

Clearly A Better Meter
The voltage ranges are chosen by
pressing the lowest of the (dark grey)
buttons. Both AC and DC voltage
scales have the same ranges (apart
from maximum values of 750 V AC and
1000 V DC) and so AC or DC can be
switched by a single button. Accuracy
is quoted at ±0.5% (reading + 1 digit)
DC and ± 1% (reading + 5 digits) AC,
which despite being a strange way of
expressing the tolerances, is pretty
good for a meter of this price range.

Sinusoidal voltages are measured
with an averaging response, but the
meter is calibrated to read RMS (though
this is not as good as direct reading
RMS) and resolution for both AC and
DC is a very good 100 uV.

To measure current, you have to
plug the red test lead into a different
socket (slightly tedious with the safety
measures mentioned earlier), and the
two dark grey buttons operate in a

similar manner as when reading voltage
- upper for AC/DC, lower remains
'out'. In addition to this, if you want to
take readings up to 10 A you must plug
the red lead into a third socket. This
was again a chore, but when you con-
sider that most other meters need a
shunt to measure such large currents,
perhaps it's forgivable.

Accuracy on the current ranges is
not as high as on the voltage, but since
the worst case (2 A and 10 A AC) is still
fairly good at ± 3% (reading + 5
digits), I do not feel the 6010 is any
poorer than the competition (I was par-
ticularly impressed by the clear manner
in which all the technical specifications
were presented). Resolution on both AC
and DC current is adequate at 100 nA;
but this meter, like others I have review-
ed, would have benefitted from a lower
limit of 10 nA, say - after all, isn't
everyone interested in the current con-
sumption of their LCD calculator!

Resistance measurements are made
by pressing the lowest button and then
selecting either the 'hi' or 'lo' ohms
scale. These two scales are present, as
with other meters, to allow in -circuit
readings to be made. However, unlike
some other similar instruments, the lo
output is low enough (280mV) to
facilitate testing around most semicon-
ductors. Both outputs (hi and lo) have
six ranges from 200 ohms up to 20
megohms, with resolution down to 100
milli -ohms on the 200R. Accuracy is
very good on the four lower ranges
(0.5% nominal) and creditable on the
2M and 20M settings (better than 2%
nominal). The high range (up to 20M) is
quite rare for a unit of this type and I
was pleased to see it included.

Specs And The Rest
The HC6010 DMM comes complete
with an instruction leaflet, which is very
clear but (sadly) not that well laid out -
whatever happened to those neat
pocket -sized manuals that used to ac-
company most of the better meters!
Even so, operation is easy to grasp and
the leaflet is only necessary as a source
of reference information. What I do
commend Hung Chang for, is the inclu-
sion of a circuit diagram and parts list -
it is always a good sign if a manufac-
turer is proud enough of his design work
to want to make it public. However, it's
a pity this pride doesn't extend to the
fascia panel, on the front of the case,
which has the lettering printed on it.
Not only does this have a tendency to
peel off, but it gives the meter a gim-
micky appearance. A bit of time spent
here (and on improving the shape of the
case and buttons) would pay in the long
run - designers of the 'Mark II' take
note.

So, for those of you who are after a
robust and accurate digital multimeter,
that is easy to use and out -performs
most others at the price, I can recom-
mend the 6010. However, if you're
after something to show off to your
friends, then keep looking . . . and one
final surprise, a price tag of £34.44.
For further information contact Armon
Products Ltd, 53-63 Wembley HillRoad,

Wembley, Middlesex HA9 8BH. HE
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CAMBRIDGE LEARNING
SELF= -INSTRUCTION COURSES

*NEW!*
DIGITAL

COMPUTER
DESIGN

£8.50
Our latest, up-to-date
course on the design
of digital computers,
both from their indiv-
idual logic elements
and from integrated
circuits.

Digital Computer Design is the best way for
you to understand how simple computers are.
You are first shown the way in which simple
logic circuits operate and then, through a
series of exercises, arrive at a design for a
working machine.

GSC SUPERKIT £19.90
The original Cambridge Learning Superkit, a
practical digital electronics kit for begin-
ners, now re -written for the popular GSC
EXP300 breadboard. The kit comes complete
with an instruction manual, components, and
breadboard to teach you all the basics of
digital electronics.

DIGITAL COMPUTER LOGIC
& ELECTRONICS £6.00
The theory course to support the practical
Superkit, this 4 -volume set covers basic
computer logic; logical circuit elements; the
design of circuits to carry out logical
functions: flipflops and registers. No prior
mathematical knowledge other than arithmetic
is assumed.
GUARANTEE No risk to you. If you are not completely
satisfied, your money will be refunded upon return of
the item in good condition within 28 days of receipt.
CAMBRIDGE LEARNING LIMITED, UNIT 10 RIVERMILL SITE.
FREEPOST, ST IVES, CAMBS, PE17 41312. ENGLAND.
TELEPHONE: ST IVES (0480) 67446. VAT No 313026022

All prices include worldwide postage (airmail is extra -
please ask for prepayment invoice ) . Giro A/c No 2789159.
Please allow 28 days for delivery in UK.

SUPERKIT(S) @ £19.90
DIGITAL COMPUTER DESIGN(S) @ £8.50
DIGITAL COMPUTER LOGIC AND ELECTRONICS @ £6.00

I enclose a 'cheque/Pt) payable to Cambridge Learning Ltd
for £ (delete where applicable)
Please charge my:
'Access / American Express / Barclaycard /  Diners Club
Eurocard / Visa / Mastercharge / Trustcard

Expiry Date Credit Card No

Signature

Telephone orders from card holders accepted on 0480 67446
Overseas customers ( including Eire) should send a bank draft
in sterling drawn on a London bank, or quote credit card
number.

Name

Address

Cambridge Learning Limited. Unit 91 Rivermill Site, FREEPOST,
St Ives, Huntingdon, Cambs. PE17 4BR, England. ( Registered
in England No 1328762).
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TRIO 20 MHZ DUAL TRACE SCOPES 2 YEAR GUARANTEE
140mm Tube- DC to 201611Z, 5mV sensitivity: CH2 Inverl
CS1820 Delayed sweep:0 2 psec to 0.5 sec
Sweep. Modes CHI. CH2. DUAL and ADD. silt "
List Price £53900 inc. VAT.

Our Price £420.00 inc. VAT (UK c/p £4.001
CS1566A NOB. AUTO. VIDEO. 0 5usec Sweep
Modes CHI. CH2. ALT. CHOP and ADD.
List Price E368.00 inc. VAT

Our Price £299.00 inc. VAT (UK c/p £4.00) optional

..--- '''"' 14Pi ii. -....... r.. -,-.:::::::: lei -......... .
. 11 ...... :el' # .1.:

1 i..
t.44,N 0 11al.A

; probes - see belo

1'1

100 KHZ
6 Band Trio RI Generator
variable o/p lo 100mV

Special Price

a

TO 30 MHZ
int/ext. mod

AM int 400 HZ mod.

V C9&a) .95 IE 00*
inc. (VAT 5^.

(UK c /p £21

116202A matching
2011Z to 200 KHZ. inC. VAT
Audio Generator £78 (c/p £2)

LOW COST DIGITAL
MULTIMETERS
3' digit LCD Hand Held DMM s:
(SW - Slide switch. PB / Push Button
RS Rotary((Models ' with carry case)
UK c/p 65p all models
KD25C 13 Range D2A DC 2 megohm ISWI £26.50
'KE130C 26 Range IA. AC/OC 200 megohm (HO) £37.50
'1(055C 28 Range 1011 AC/DC 200 megonmIRSI £41.50
601 26 Range 2A AC/11C 20 megohm IPBI £36.50
188m 16 Range I GA DC Ino ACI 2 megohm
Plus HEEltransistorl Tester IRS) £43.50
189m 30 Range 10.A AC/DC 20 megohm
Plus HEE Tesler IASI £69.95

FREQUENCY COUNTERS
(1111 models battery operated) 1UK C/P El I
PFM 200/1 Pocket 8 digit LED
200 MHZ 10mV ITHANOAR1 £67.50
Max 50 50 MHZ 6 digit
LED Pocket IGSCI £56.35
Max 550 6 digit
LED Pocket IGSCI °77581 IDA 8 digit LED? range 100 MHZ
Bench ISABTRONICSI £77.00
8610A 8 digit LED 3 range 600 MHZ
Bench ISABTRONICS1 E94.00
Max 100 5HZ.I DOMHZ
8 digit Bench LED IGSCI £97.75
86108 9 digit LED 3 range 600 MHZ
Bench ISABTRONICSI £113.85
80008 9 digit 0E03 range 1000 MHZ
Bench ISABTRONICS1 El 78.00
TF040 8 digit LC040 MHZ ITHANDARI El 26.50
TF200 8 digit LCD 2 range 200 MHZ
PHANDAR1 £166.75
Mender prescalers for any counter up to 200 MHZ

TP600600 MHZ £43.13
TP1000 with P/S 1 011Z £73.00
OPTIONS
TF series carry case £6.84 -
AC adaptors ITF Series] £5.69 Nmie'z'n'It ei m
If series AC adaptors £569 - s,

All models probe kits £7.95

ANALOGUE MULTIMETERS
GENERAL RANGE
Low cost reliable meters 10111 supplied with
bans/leads] [UK C/P 55p1
BANANA 15 range pocket 20K/Volt
plus cont buzzer £20.64
ET IO2 14 range 2K/Voll Pocket £5.95
ST5 I I range pocket 4K/Vol( £6.50
NH56R 22 range pocket 20K/Volt £10.95
YN360TR ID range plus Ale test 20K/Noll £2.95
KRT5001 16 range 10 amp DC range
double 50K/Volt £16.50
ST303TR 21 range plus Ate Test 20K/Volt £16.95'
AT 1020 18 range Deluxe 2KV and Hle Tester £17.50
TMK500 23 range plus I2A DC
plus cont. buzzer 30K/Volt £23.95
168M 36 range large scale (0A
AC/DC 50K /Volt £28.50
36018 23 range large scale 10A
AC/LIC Hle tell 50 meg ohm. I KV
AC/OCIOOK/Voll £36.95

Choose from UK's largest range

GENERATORS -4.11.111111111.- RI IAIl with Int/Ext mod. variable output)
R -C. Pulse. RI Function - is 0 . . 1E200 100KHZ-100MHZ 6 band
Audio 1UK c/p Ell .,'. iiests, (300MHZ harm' £49.95
All models 220/2400 AC LSG17 100KHZ-150MHZ 1450MHZ-harm)
AUDIO 4 hand Sine /so output LEADER £71.30
7E220 Max distortion I% 20HZ/200KHZ £59.95 FUNCTION tall sine/SO/Triangle/TTL etc I

LAG27 Max distortion 05.1% 5020A 1142100101Z ISABTRONICS1 £90.00
(LEADER) IOHZ-IMHZ £86.25 TG100 I H2-100KHZ 'MANOR £90.85
LAG120A 5 band 10HZ.IMHZ. T6102 0.2112.2MHZITHANOARI £166.75
Sine/S00.05-0.8'° dist £146.00 PULSE
LAGI 25 As LAG120A but aan T6105 51115MHZ Various outputs
dist (LEADER) Unit.,.,.' (THANOARI £97.75
AG203 10142-1MHZ 5 band OA% Sine/SO 4001 Ultravariable 05H2 J5MHZ (GSC) £113.85
(TRIO) £129.95

OSCILLOSCOPE PROBE KITS
(UK C/P 50p per 1 to 3) ANC plug XI £7.95

X10 E9.45
XIXIO £10.50
0100 £16.95

DIRECT READ HV PROBE
(UK C/P 65p) 0/40 KV 20K /Volt £18.40

OSCILLOSCOPES
(C/P Dual trace E4.00, SC110 £1.00:
Single Trace £3.00)
HM307 Single trace (0MHZ 5m11 0.5 micro
sec. Plus built in component tester
6 x icm display IHAMEGI £158.70 t
Optional case £18.40 e

t

e, ,r
c -r

-Agilli,
,i

rs Intl
Mittil /0:00

3030 Single trace I5MHZ 5mV: 0.5 micro a , , '' " . V:': SW.' (ei '..A
4

sec. Plus built in component tester. 95mm
tube. Trig. to 20MHZ ICROTECH1 £172.50 SCI 10A New model 10MHZ battery portable.
HM203/3 Dual 20MHZ: Trig to 30MHZ 10mV13.1 sisec 2' trace.
5mV:0.5 micro secs 81 10cm display All facilities ITHANDARI £171.00
(HAMM £253.00 Options: Carry case £6.84
HM203/4. As above but 2mV  Algebraic AC adaptor £5.69
add IHAMEG1 £276.00 Rinds £8.631
3131 Dual trace I5MHZ trig. to 35MHZ SAFGAN - UK made dual trace
5mV:05 micro sec. 130mm tube plus Salgan all models 5mV sens. 05 micro sec
component tester £276.00 6.4 x 8cm display.
HM204 New model with component tester DT4I0 Dual 10MHZ £205.85
Dual 20MHZ delayed sweep: trig to 40MHZ. 01415 Dual 15MHZ £217.35
5mV 0.1 micro sec 8 x 10cm display IHAMEG1 £419.75 D1420 Dual 20MHZ £228.85

(Optional case E21.85) / _ALL

FFY"C7ES...1 _1- me-TT...W.7 w --a-...1.. a ---w-_-.-.., v_r_4111111111111 ..,(41.
Limited

301 EDGWARE ROAD. LONDON W2 1BN. TEL: 01-724 3564
ALSO AT HENRYS RADIO.

404/406 EDGWARE ROAD. LONDON W2

Order by P.., 0th off oue5/ ACCESS
VISA or Totephon your order. AlbtorVP
to .0 cloy. for delivery
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THE HE BOOKSHELF is the easi
electronics books. Order Coda

DIRECT TO

est way to build up your library of
y to have these top titles delivered

-- Beginners Guide

YOUR DOOR.

rolEffectiFecE rTott, ealtds t o

P

Counter Driver

Numeral DulPhtlf
Projects

Radio Circuits
Using IC's

IRI
IC LM3900
Protect'

52 PROJECTS
USING 1C741 £1.25
More than 50 ways
of using the
ubiquitous IC741.

50 IFET) FIELD
EFFECT
TRANSISTOR
PROJECTS £1.75
Contains a wide
range of projects, all

based onEffect
Transistors.

COUNTER DRIVER
AND NUMERAL
DISPLAY PROJECTS
£1.75
Features many varied
projects using
numeral displays,
counter and driver
ICs.

RADIO CIRCUITS
USING IC's £1.35
All you need to know
about using IC's for
AM or FM reception.

IC LM3900
PROJECTS £1.35
Provides the ground
work for simple and
more advanced uses
of IC LM3900.

PRACTICAL
CONSTRUCTION OF
PRE -AMPS, TONE
CONTROLS, FILTERS
AND ATTENUATORS
£1.45
Contains practical
designs for use with
home constructed
equipment or
commercial modules.

Eloc tom,
tiou,oholt1

BEGINNERS GUIDE
TO
MICROPROCESSORS
AND COMPUTING
£1.75
Basic introduction to
binary arithmetic,
micro -processor

language
marine

IC 555 PROJECTS
f 1.95
The 555 timer users
'Bible'!

CHOOSING AND
USING YOUR HI-FI
£1.65
Concise information
for all hi-fi
enthusiasts.

ELECTRONIC GAMES
£1.75
Amusing electronic
games which can
easily and
inexpensively be
Constructed by the
enthusiast.

ELECTRONIC
HOUSEHOLD
PROJECTS £1.75
Packed with circuits
for projects that can
be used in or around
the home.

A
MICROPROCESSOR
PRIMER E1.75
A painless approach
to understanding
computers and
computing.

belowTo receive your books you have only to fill in th
up to 21 days for delivery. This offer applies only within the U.K. Prices may be subject to change without notice.

I am enclosing my Cheque/Postal Order/

Please allow---------------------------------------
, urrey CR4 6AR.SEND TO: HE BOOKSHELF, 513 London Road, Thornton Heath S

for: (delete as necessary)

MN,-----
(Made payable to A.S.P. Ltd)

OR Debit my Access/Barclaycard
VISAMUM (delete as necessary)

Please use BLOCK CAPITALS and include post codes.
Name (Mr/Mrs/Miss) .............................

(delete accordingly)

Address..........................................

..................................................

............................. ....................
Signature ......................... Date ..........
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REMOTE CONTROL
PROJECTS £1.95

control.

finformation

e

ELECTRONIC MUSIC
PROJECTS £1.75
Many practical
circuits for less
complex items of
electronic music
equipment.

ELECTRONIC TEST
EQUIPMENT
CONSTRUCTION
£1.75
How to build and use
a wide range of test
equipment for the
hobbyist.

POWER SUPPLY
PROJECTS E1.75
Packed with circuits
for building various
kinds of power
supply.

SINGLE IC
PROJECTS E 1.50
Easy to construct
projects based
around a single IC.

PRACTICAL
COMPUTER
EXPERIMENTS
£1.75
Build and examine a
number of basic
computer circuit
elements.

Elct Ironic.

Pr Op, I4 4

Solar Coll,

ELECTRONIC
PROJECTS USING
SOLAR CELLS £1.95
A range of practical
applications using
silicon solar cells.

VMOS PROJECTS
£1.95
Contains a number of
varied and interesting
projects using VMOS
power FETs.

DIGITAL IC
PROJECTS £1.95
Simple and advanced
projects based on
digital ICs.

INTERNATIONAL
TRANSISTOR
EQUIVALENTS
GUIDE £2.95
Find possible
equivalents for a
popular user -
orientated selectionorientated selection
of modern
transistors.

HOW TO USE OP -
AMPS £2.25
All you need to know
about Op -Amps, a
source book of
circuits and design
calculations.

AUDIO PROJECTS
£1.95
Clear information on
how to build pre -
amps, mixers, power
amps, tone controls
etc.

and send it, together with your payment, to the address stated.
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Sinclair ZX Specti
16K or 48K RAM...
full-size moving-
key keyboard...
colour and sound...
high -resolution
graphics...

From only

f125!
First, there was the world-beating

Sinclair ZX80. The first personal computer
for under £100.

Then, the ZX81. With up to 16K RAM
available, and the ZX Printer. Giving more
power and more flexibility. Together,
they've sold over 500,000 so far, to make
Sinclair world leaders in personal
computing. And the ZX81 remains the
ideal low-cost introduction to computing.

Now there's the ZX Spectrum! With
up to 48K of RAM. A full-size moving -key
keyboard. Vivid colour and sound. High -
resolution graphics. And a low price that's
unrivalled.

Professional power -
personal computer price!

The ZX Spectrum incorporates all
the proven features of the ZX81. But its
new 16K BASIC ROM dramatically
increases your computing power.

You have access to a range of 8
colours for foreground, background and
border, together with a sound generator
and high -resolution graphics.

You have the facility to support
separate data files.

You have a choice of storage capa-
cities (governed by the amount of RAM).
16K of RAM (which you can uprate later
to 48K of RAM) or a massive 48K of RAM.

Yet the price of the Spectrum 16K
is an amazing £125! Even the popular
48K version costs only £175!

You may decide to begin with the
16K version. If so, you can still return it later
for an upgrade. The cost? Around £60.

BLUE
EDIT

FN FN

SIN

ASN

READ

Ready to use today,
easy to expand tomorrow

Your ZX Spectrum comes with a mains
adaptor and all the necessary leads to
connect to most cassette recorders
and TVs (colour or black and white).

Employing Sinclair BASIC (now used
in over 500,000 computers worldwide)
the ZX Spectrum comes complete with
two manuals which together represent a
detailed course in BASIC programming.
Whether you're a beginner or a competent
programmer, you'll find them both of im-
mense help. Depending on your computer
experience, you'll quickly be moving
into the colourful world of ZX Spectrum
professional -level computing.

There's no need to stop there. The
ZX Printer -available now- is fully
compatible with the ZX Spectrum. And
later this year there will be Microdrives for
massive amounts of extra on-line storage,
plus an RS232 /network interface board.

N.4LNs.

YELLOW

CLOSE # MOVE

VERIFY

SON

L PRINT

PAPER

MERGE

ABS

FLASH

WHIT

BRIGHT

Key features of the
Sinclair ZX Spectrum
 Full colour -8 colours each for

foreground, background and border,
plus flashing and brightness -intensity
control.

 Sound -BEEP command with variable
pitch and duration.

 Massive RAM -16K or 48K.

 Full-size moving -key keyboard- all
keys at normal typewriter pitch, with
repeat facility on each key.

 High -resolution -256 dots
horizontally x 192 vertically, each
individually addressable for true high -
resolution graphics.

 ASCII character set -with upper- and
lower-case characters.

 Teletext -compatible- user software
can generate 40 characters per line
or other settings.

 High speed LOAD & SAVE -16K in 100
seconds via cassette, with VERIFY&
MERGE for programs and separate
data files.

 Sinclair 16K extended BASIC -
incorporating unique 'one -touch'
keyword entry, syntax check, and
report codes.



um

!X Spectrum software on
:assettes -available now

The first 21 software cassettes are
ow available directly from Sinclair.
roduced by ICL and Psion, subjects
iclude games, education, and business/
ousehold management. Galactic
wasion ...Flight Simulation... Chess...
istory... Inventions ...VU-CALC...VU-3D
.47 programs in all. There's something
)r everyone, and they all make full use
f the Spectrum's colour, sound and
-aphics capabilities. You'll receive a
tailed catalogue with your Spectrum.

S232 /network
iterface board

This interface, available later this
)ar, will enable you.to connect your
(Spectrum to a whole host of ppinters,
rminals and other computers.

The potential is enormous. And the
tonishingly low price of only £20 is
)ssible only because the operating
stems are already designed into the
)M.

=ir-1=111r-
nclair Research Ltd, Stanhope Road,
imberley, Surrey GU15 3PS.

Camberley (0276) 685311.

The ZX Printer -
available now

Designed exclusively for use with the
SinclairZX range of computers, the
printer offers ZX Spectrum owners the full
ASCII character set - including lower-case
characters and high -resolution graphics.

A special feature is COPY which
prints out exactly what is on the whole TV
screen without the need for further
instructions. Printing speed is 50 charac-
ters per second, with 32 characters
per line and 9 lines per vertical inch.

The ZX Printer connects to the rear of
your ZX Spectrum. A roll of paper (65ft
long and 4in wide) is supplied, along with
full instructions. Further supplies of paper
are available in packs of five rolls.

The ZX Microdrive-
coming soon

The new Microdrives, designed
especially for the ZX Spectrum, are set to
change the face of personal computing.

Each Microdrive is capable of holding
up to 100K bytes using a single inter-
changeable microfloppy.

The transfer rate is 16K bytes per
second, with average access time of 3.5
seconds. And you'll be able to connect up
to 8 ZX Microdrives to your ZX Spectrum.

All the BASIC commands required for
the Microdrives are included on the
Spectrum.

A remarkable breakthrough at a
remarkable price. The Microdrives are
available later this year, for around £50.

How to order your ZX Spectrum
BY PHONE -Access, Barclaycard or

Trustcard holders can call 01-200 0200 for
personal attention 24 hours a day, every
day. BY FREEPOST -use the no -stamp
needed coupon below. You can pay by
cheque, postal order, Access,

Barclaycard or Trustcard.
EITHER WAY -please allow up to 28

days for delivery. And there's a 14 -day
money -back option, of course. We want
you to be satisfied beyond doubt -and we
have no doubt that you will be.

Fro: Sinclair Research, FREEPOST, Camberley, Surrey, GUI5 3BR.

Qty Item

Order71

Code Item Price Total
£ £

Sinclair ZX Spectrum -16K RAM version 100 125.00
Sinclair ZX Spectrum -48K RAM version 101 175.00
Sinclair ZX Printer 27 59.95
Printer paper (pack of 5 rolls) 16 11.95
Postage and packing: orders under £100 28 2.95

orders over £100 29 4.95
Total £

Please tick if you require a VAT receiptD
*I enclose a cheque/postal order payable to Sinclair Research Ltd for £
*Please charge to my Access/Barclaycard/Trustcard account no.
*Please delete/complete

I I 1 I I I I I I 1 I I I I

as applicable

(Signature
PLEASE PRINT
Name: Mr/Mrs/Miss

(Address I I I

1111111111111111IIIIi11111111111
11111111111111111111111
11111111111E11111111111 I HEL812J

FREEPOST -no stamp needed. Prices apply to UK only. Export prices on application.
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Low Cost Alarm
System
Ow p

THE COST of a professionally installed
intruder detection system can be
measured in hundreds of pounds so, with
housebreaking on the increase, there is a
lot to be said for a simple DIY system
such as this. There are gains in the
immediate savings on the considerable
labour costs of installing the wiring,
coupled with the fact that the
commercially made 'box of electronic
tricks' often seems to contain
surprisingly little for the money. The
electronic part of this system contains
surprisingly little, too, but you will have
to pay more than about £13 for all the
components, including switches (but not
including the case and battery). Perhaps
this system does a little less than some
of the more advanced of those
commercially available, but it is straight
forward in its action and there is virtually
nothing to go wrong with it. Moreover it
is not subject to false alarms caused by
transients in the detector circuits, as are
many of the simpler alarm systems. It
has extremely low power consumption
(only 0.75 mA) when quiescent, so it is
ideally suited to battery power. A set of
'D' dry cells will last for many months of
operation, 24 hours a day. A set of
"AA" NiCad cells will last for 1 month
on one charging. Thus, the system is
independent of mains power failures or
interruptions.

The noise generated by the solid
state audiblO alarm is more than enough
to wake the household or to rouse the
attentions of neighbours. The alarm
draws only 25mA, yet emits a piercing
warbling tone with a power of 95 dB at
1 m. Since its current requirements are
low, it is feasible to wire two or more
AWDs in parallel and site them in various
parts of the house. But try using just one
to begin with, for it is more than likley
that you will find it does all that is
needed.

The system has two kinds of
detection circuit, the peripheral loop and
the pressure mat system.

Peripheral Loop
This consists of normally closed switches
mounted on all doors and windows,
forming a loop which surrounds the area
to be protected. The switches are in
series so that, if any one switch is
opened, the loop is broken and the alarm
is sounded. It may be sufficient to
protect ground -floor entry -points only,
but upstairs windows should be
protected too, if they are readily
accessible from outside. Do not forget
the less obvious points, such as coal -

An easy -to -build security system
that can be expanded to provide
protection for any property.

shed doors, hatches and skylights.
It is best to use a magnetic switch

specially made for the job. The switch
consists of two parts (Figure 1). The reed
switch itself is mounted on the frame of
the door or window or may be concealed
in a hole drilled in the frame. The other
part contains a permanent magnet. This
is mounted on or concealed in the door or
window itself. When the door is shut, the
magnet holds the reed switch closed.
When the door is opened, even by only a
centimetre or so, the switch opens and

the loop is broken.
The use of a normally -closed loop of

this kind makes it difficult for an intruder
to de -activate the system by cutting
wires. A cut at any point on the loop
sounds the alarm immediately. However,
it is worth remembering that intruders do
not always open doors or windows in the
conventional way, in order to gain entry,
especially if the door or window is
securely locked or bolted. It may be
easier for the intruder to quickly cut away
the glass of a french door or picture

FRAME

DOOR OR
WINDOW

HOLE BORED
IN FRAME

FOR LEADS

MAGNET INSERTED REED SWITCH
IN EDGE OF DOOR INSERTED IN FRAME MAGNET REED SWITCH

Figure 1 a, b. Two methods for fixing reed switches in a door or window frame.
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window, and enter through the hole.
Another ploy is to cut an entry hole in the
panel of a lightly -constructed door, or in
the thin panelling which is often to be
found alongside front -door units. Glass
panes and thin panels may be protected
by fixing strips of thin metal foil across
them. Special window foil is sold for this
purpose, together with terminal blocks
for making connections to the end of the
strip. These strips can be included as part
of the peripheral loop.

Where the devices mentioned above
are not suitable, it is usually easy to rig
up a normally -closed microswitch which
will be opened by an attempted break-in.

Pressure Mats
These are specially made mats which are
placed beneath carpets or other floor
coverings. They act as normally open
switches, closing when stood on. If you
have large pets loose in the house at
night, or if any member of the family is a
habitual sleep -walker, take care where
you place them! Otherwise, they may be
placed in strategic positions around the
house, especially in areas such as the
living room, where expensive equipment
is likely to attract the intruder. The mats
are wired in parallel, so that the circuit is
completed when any one mat is stood
on. This section of the system may also
contain other normally -open switches. A
valuable safety feature is to have a few
push -buttons situated in the house where
they can be used for sounding the alarm
manually. This provides a quick and
effective way of alerting the household in
case of fire, for example. The wiring of
this part of the system needs to be as
carefully concealed as possible, for the
system can easily be de -activated by
cutting the wires, but since much of the
wiring is beneath the carpets, this
presents little difficulty. The wire used for
the pressure mat system and the
peripheral loop can be light -duty PVC
covered wire (7/0.2 mm wire is cheap
and perfectly satisfactory).

Circuit Details
The peripheral loop runs from the 12 V
line, around the premises and back to the
loop input terminal. If the loop is broken,
the pull -down resistor, R2, causes the
input voltage to IC 1 a to drop to OV. The
other input to IC1a is held high (at 12 V)
by R1 . If any one mat is stood on, the
input voltage falls to 0 V (low). With two
high inputs, the output of the NAND gate
is low; this is the quiescent state. If the
loop is broken, or if a mat is stood on, the
output goes high.

A high output causes a current to
flow through D1 and R3, charging Cl . If
the output remains high for long enough
(about 0.5 seconds) the voltage rises
above 6 V, which is effectively a high
input to IC1 b. The output then changes
from high to low. If the output of IC1 a is
high for only a short time, as when a
transient pusle appears on one of the
inputs, Cl discharges through D2. Since
there is no resistor in the return path, Cl
discharges rather more rapidly than it
charges, quickly eliminating the effect of
the transient voltage. It would take an
incredibly severe series of transients to
break through this filter.

+V 0

PERIPHERAL
LOOP

SW2

O

R1
18k

r - -
0 SW3

9

PRESSURE
MATS'

OV 0

2

R2
18k

NOTES.
IC1 IS 4011
01,2 ARE ZTX300
D1,2 ARE 1N4148

D1 5

1C1Y-4.-11111101-VVV-.-E
R3

100k 6

02

t
4u7

IC1b

R4
100k

AUDIBLE
WARNING

DEVICE

14

11
12 ICld 01

R5
18k

9 ICU

8
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C2 SW1
4700

1 RESET/DELAY
1
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Figure 2. Circuit diagram of the alarm system.

+12V

PERIPHERAL
I_OOP

(NC)

MATS
(NO)

OV

.L

T

Figure 3. The component overlay.
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WARNING
DEVICE

Gates IC1c and d form a Set -Reset
flip-flop. Its inputs are normally high and
it is triggered to change state by a low
pulse on one of the inputs. The Set input
comes from IC1 b. When this goes low,
the flip-flop changes state, the output of
IC1c changes from low to high and
current flows to Q1 , which is connected
with Q2 as a Darlington pair to give
sufficient current gain to operate the
AWD.

The Reset input to the flip-flop
comes from the junction of R4 and C2; it
is held high by the pull-up action of R4,
but when SW1 is pressed, the input falls
immediately to low, thus resetting the
flip-flop. While this input is low, a break
in the loop or pressure on a mat can
cause the input of the IC1c to go high
and sound the alarm, but only for as long
as the condition lasts, because the flip-
flop does not change state permanently.
The input to IC1c rises very slowly from
0 V as C2 charges through R4; it take
about 30 seconds to reach 6 V ,
providing the delay which allows the
alarm to be set when the house is to be
left unoccupied. After that, the flip-flop is
ready to be triggered permanently by a
low pulse from IC 1 b.

SW2 switches out the peripheral
loop, by connecting the loop input
directly to the 1 2 V line. This switch is
not an essential part of the system, but it
may be useful to de -activate the loop if,
for example, a member of the household
plans to return home late at night when
the other members are in bed. This
allows the mats to provide some kind of
protection in the meantime. SW3
disconnects the mat system, and this too

is useful but not essential. During the
evening, when all doors and windows are
shut and the family is engrossed in the
TV, the mat system is probably best kept
inactivated. The peripheral loop gives
adequate protection against intruders,
many of whom prefer to break in when
everyone is settled in one room with the
sound from the TV to mask the noise of
breaking glass or splintering timber.

Construction
There should be no problems in
assembling the board and getting it to
work straight away. As already
mentioned, this circuit is ideally powered
by a battery of 8 dry cells, or Ni-Cad
cells. These may be contained in two
4 -cell battery holders. Whether or not the
circuit needs a case is a matter of
opinion. It is preferable that the intruder
should not be able to locate the circuit
and cut off the power supply, so there is
much to be said for hiding it away in a
cupboard or drawer, eliminating the
expense of a case.

The dead space below a table
(Figure 5) is a good place to hide the
circuit and batteries, though almost any
other odd space will do; accessibility is
not important, as you need renew the
batteries so infrequently, provided that
the switches can be reached easily.
Concealed wiring should lead to the
Reset/Delay button, hidden away in a
convenient location fairly close to the
door by which you normally enter the
house. The AWD should be in some
relatively inaccessible location,not beside
the circuit itself. The wiring to it should
be concealed as much as possible. The
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Parts List
RESISTORS
(All 1/4 watt 5% carbon)
R1, 2, 5 18k
R3,4 100k

CAPACITORS
(All electrolytic)
C1 4u716V
C2 470u 16V

SEMICONDUCTORS
Q1,2 ZTX300

silicon NPN transistor
IC1 4011

CMOS quad 2 -input NAND
D1,2 1N4148

signal diode

MISCELLANEOUS
SW1 Push -to -make

push-button switch
SW2, 3, 4 SPST

standard toggle switches
Siren (AWD), 12 V with optional
multitone; battery holder (2); door
and window switches; window foil
and terminals; pressure mats; wire;
solder etc.

BUYLINES page 34

BATTERIES AND PCB

Figure 4. Top, the circuit board and
power supply can be conveniently
hidden underneath a table top - but
make sure the switches are easily
accessible (bottom) as well as being
hidden.

PANEL FORMS
SHELF TO REST
BATTERIES ON

MATS LOOP ON/OFF

AWD could be mounted in the loft,
where its sounds will readily be heard
both inside and outside the house.

Maintainance
A power -on lamp is not provided, since
this would consume 25 times as much
current as the quiescent circuit, so check
the batteries regularly; remember that flat
batteries will run the quiescent circuit
well enough but may fail to provide
enough power for the AWD. The check
should include sounding the alarm; check
each window and door switch every few
months, and also each pressure -mat.

How It Works
THE TWO detecting systems, peripheral
loop and pressure mats, provide inputs
to the system which are normally high
(1 2 V) but go low (0 V) when an intruder
is detected. Since the wiring is many
metres long and surrounds a houseful of
electrical and electronic appliances, it
frequently picks up transient
electromagnetic signals. The switching
on and off of equipment such as TV sets
and refrigerators causes pulses to appear
in the wires of detector systems, and
these are often strong enough to trigger a
flip-flop. The delay circuit filters out all
these transients so that the alarm does
not sound unless the detector circuit
shows a low voltage for about half a
second. It is not likely that an intruder
could make an entry during so short a
time, yet this is long enough for any
transient to subside.

The action of the intruder triggers a
flip-flop which sets off the alarm. This
sounds continuously until the power
supply is disconnected or the
Reset/Delay button is pressed. Once the
button is pressed, the flip-flop is inactive
for a period of about 30 seconds. If the
peripheral loop is broken during this
period, the alarm sounds, but only for as
long as the loop is broken. This delay is

essential if you are leaving the house
empty, allowing the last person to remain
in the house to press the Reset button
and quickly leave by the front door. The
alarm sounds very briefly as the door is
opened and closed, but is silent after
that. A few moments later the system
becomes activated. On return to the
house the alarm sounds but, if the first
person in is prepared to act quickly and if
the reset button is concealed not too far
away from the door (on the inside, of
course, it takes less than a second to
silence the alarm. The delay operates
similarly on the pressure -mat system, so
there is no need to jump over the
doormat on the way out.

PERIPHERAL
LOOPS

DELAY

PRESSURE
MATS

FLIP-FLOP
AUDIBLE
WARNING
DEVICE
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Greenbank
Greenbank Electronics.

Dept E12H, 92 New Chester Road,
New Ferry, Wirral, Merseyside L62 SAG

(Tel: 051-645 3391)

READ THIS IF YOU VALUE YOUR JOB
I am writing to a worried man (or woman) I am writing to you. Are you scared of computers?

Well not scared of the computers themselves. but scared of what they can do Pretty well
everywhere at work, on TV. these micro -things are being seen more and more all the time and
you seem more and more to be getting left behind.

Do you have collegues wpo are always spouting on and on about computers? Do you under-
stand a word of what they're saying? Be honest, do you? Do they understand a word of what
they're saying really, or are they just speaking words they've read out of a magazine or heard
on T V.?

What you need is a friend, an honest friend, who will try to help you. I will be your friend, I am
your friend My name is David Perkins. why not write to me or 'phone me? (my number is 051-
645 3391).

I said I would be an honest friend so I'll begin now - I work for a firm which sells a computer
in kit form, and I would like to sell you one. The name of the computer system is 'Interak 1'. I

know you are going to buy a computer kit of some sort very soon, because you just can't let
things go on as they are. 'Computing' is a club, and you're not a member yet. Worse still you
may have bought a computer and found you still haven't a clue what goes on inside. Miracle
chips they may be but it will be a miracle if you can understand what they do by just looking at
them

What I want to sell you is not lust the pieces. I want to sell you 'the knowledge Then you'll
know as much as I do. and you won't need me anymore. All I ask from you is that when you
know wnat computing is really all about, that you treat others in the same way that you would
like to be treated. Don't sneer at them because they don't know the difference between
PASCAL and BASIC, they don't know what an RS232C interface is, or how a DART works,
remember we all had to start somewhere.

Computers are bound to make our lives easier and happier (and richer) if they are used
wisely, so it is vital that everyone be introduced to the 'Computer Club' as quickly as possible
Once everyone knows about computers we will be free to continue to make an honest living -
at the moment there are all sorts of people who are unscroupulously taking money from
innocent people by taking advantage of their ignorance, and I for one just don't want to be a
Part of a business like that Just read through a few advertisements, and think to yourself how
can they all be the best?

When I said I am wanting to sell you 'the knowledge' please don't think I am offering a
correspondence course. In my view that's not a suitable way to learn - a course has to
proceed in simple logical steps - how an 'AND gate' works, and what is a 'flip-flop' and so on
- microcomputers have left all that simple stuff behind long ago and you'll never catch up that
way.

Learning computing is a bit like learning to swim but you've got no time to waste. What I
think you need is to be plunged in at the deep end -- there's no time for splashing about in the
Paddling pool learning a bit at a time. But if you're going in at the deep end you'll need a friend
to save you from drowning - that's what I'm here for.

Of course it's not like swimming in one important respect you have to buy a computer first
before you can enter the water. Down at the shallow end this will cost you about E50 with a
further £50 for the necessary RAM (memory). - at the deep end. where you'll find me, the cost
IS at least double.

I bet you're saying 'some friend this - he's already wanting me to spend twice as much as I
thought' Well its true, I think you have got to, and here's why. The cheap systems are built
down to a price - the 'chip count' (number of integrated circuits used) has to be kept right
down, preferably to four or five There are two penalties to be paid. Firstly. no real expansion
can be accommodated - the system will go so far then no further, secondly some special
design 'tricks' have to be incorporated to make the chips do double duty and get the maximum
performance out of the minimum resources. Don't get me wrong - some of the tricks are
brilliant but the whole point in your buying a computer is so you can get an understanding
yourself, not simply looking as a lump of silicon (integrated circuit) where all the skill is buried.
Once the design is 'encapsulated' in a master integrated circuit there's no way you'll ever find
out what's inside unless the designer chooses to tell you, and he's hardly likely to tell you - he
might want to use the same idea in the Mk II model next years

Some people go into this with their 'eyes open' -bull think computing has come to a pretty
poor state of affairs if you have to be prepared to throw away a hundred pounds or so on a
system which cannot expand with you, but has to be replaced by the next model annually

I would also say beware of committing the diametrically opposite mistake - a gimmick
computer This is one which is all things to all men. You name it, it's got it. This processor, that
processor as an option Level 1 expands to level 2 which has the optional what not interface
which can easily be adapted for this or that.

Do you think the purchase of a computer is going to solve your problems?, of course not.
learning is hard work My computer (Interak 1) is ideal for your purposes I assume that you
don't really know much about computers, you've probably got an interest in electronics, and
with all the publicity that these micro chips are getting in magazines, TV, radio and
newspapers you know that you've got to know all about them Well I'll let you into a secret and
give you some valuable information There's too much going on for you to learn everything
and new information is being created every day at such a rate that the longer you leave it to get
started, the harder it will be to catch up

Ask almost anyone what makes a good computer and they'll describe a monster. I'll show
you the way to obtain sufficient k nowledge to use computers for your pleasure, your work, and
so that you can, if you want to. help others. It's all very well having a computer that has
everything. but if you have loo much hardware you'll be like the old woman who lived in the
shoe - you won't know what to do

I have a friend who has bought an Interak 1 System. say he's a friend but at the moment he
thinks he's lust a customer) and he's received a parcel, he's opened it and checked that he's got
what we think we have sent him and I imagine he's ploughing his way through the manuals
(yes one of the problems of being presented with a lot of information is having to read it all -
carefully). He's got a lot of work ahead of him. Although he doesn't understand what it's all
about, he'll learn from reading the manuals how to assemble the computer from its component
parts, and then how to make it work

I've put a lot of time and effort into this friendship, writing the words. and drawing what I
think are helpful diagrams. I'm sure my friend will write to me with his problems and I'm also
sure he will be delighted with his computer and any helpful remarks I may make

I admit some of my answers to his problems may take the form of 'application notes', in fact
most of them will, but that's just the way that I cope with helping lots of friends (when I get a
letter with a problem or misunderstanding of something I've put in the manual, I write my
answer in the form of an application note, then if I'm presented with the same problem again I
can quickly give a well thought out answer in an application note with maybe just a covering
letter.)

You've got a problem at the moment. you've either got a computer and not been able to learn
all you need to know, or you haven't got one yet. Don't lust go out and buy the first computer
you see. or the biggest or the cheapest, buy the one that will help you to solve your problems
Remember that I'm here to help you. I've got a leaflet/data sheet set, that will probably tell you
everything you need to know about my Interak 1 System. Write to me at Greenbank
Electronics, using the above address and ask me to send you my Interak 1 leaflet. Now I warn
you, there's quite a lot that I'll send you (about 38 sides of A4 -size paper). It's type -written, with
some hand drawn illustrations of the various kits. Of course it costs quite a bit to send through
the post so an A4 SAE would be appreciated but as you are my f hand, if you don't enclose one I
won't mind. By the way I'll probably enclose leaflets on some of the other things that my
company sells but as I say to people I speak to, 'If I give you a leaflet you don't want please
don't be offended'

I'm being honest with you. I'm trying to make you into a Inter. 1 user, because the more
people who have this system. the more people I'll be able to exchange my programs with, and
that's important.

You might not think that you are capable of building up a sophisticated computer system
from component parts, but you need have no worries on that score You do of course have to
work carefully and patiently, but that's all you have to do I haven't met anyone yet who was
incapable of doing the lob. Some people need a bit of help. some people need more help than
others, but the way I look at it is that if you can't follow the instructions I have provided then it's
my fault not yours. The same applies to testing the completed computer. If you make a board
and you can't gel it to work. I am here to help you - just pop the board into the post to me, and
I'll plug it into my own system and will soon get it going for you.

Even if you don't buy the Interak 1 System then I do urge you to buy some sort of computer
as soon as you can If you have any children this is even more important Children need
computers almost as much as they need food and drink. There never was a more nutritious
food for a young mind than a digital computer Without a preconceived feeling that computers
are somehow mystical, children are in a far better position to learn than we mere adults.

So far I have only let you think that the Interak 1 System will cost you money, but there are
plenty of ways it will bring money in. Obviously if you have your own business you will know
how much time and money a computer will save And if you have brought yourself up to a
standard where you can write your own programs and fix the system yourself (not that it will go
wrong. you built it - remember) there won't be any hidden overheads to , paid. Other ways
you can make money are writing programs that you can sell, or even An a book. Don't
think that you have lo be particularly clever to do this. There may be thousands of people less
fortunate than you who will be dying to hear of another's experiences. The last thing they will
want will be some high faluting tome written by some lah-di-dah computer boffin.

I look forward to hearing from you so I can tell you about my Interak 1 Computer. Write soon,
David

Post & Packing, 50p for
KS kits, 75p for UK kits,
£1.00 for cabinets. Send
S.A.E. for catalogue of
our extensive range of
kits & cabinets. Trade,

41111

iraillarks
I il rD r),..

0
7, Hughenden Road,
Hastings, Sussex,

TN34 3TG
Telephone: Hastings I

Educational & Export LTD
enquiries welcome.

ELECTRONIC KITS

(0424)436004

'

KS 100100 `,..
Mini VHF Super -regenerative I

receiver
88.108 MHZ 9V D.C. i

£9.27 inc. V.A.T.

e.

KS 130
2 Channel audio mixer,

20V D.C. Max
14,21 inc. V.A.T.

KS160
Dark room timer,

Timing range 1-99 secs.
£11.58 inc. V.A.T.

..S'

/..
KS 200

Mini F.M. transmitter
88 108 MHZ 9V D.C.

(Not licenceable in U.K.)
£7.37 inc. V.A.T.

4 it
1,

KS 238
3 channel microphone

operated sound to light,
300W per channel, 240V A.C.I

E11.58 inc. V.A.T.

,

A1/4k-

0
_.,,,
,,,....,,,.

ov

KS240
3 channel sound to light,
output 3 x 1KW 240 V.

£12.83 inc. V.A.T.

KS250
12V -0.5A stabilized power

supply
£7.37 inc. V.A.T.

r
KS 490

Nicad battery charger.
10-20-45.150 mA, 15V D.C.

max 240V A.C.
03.42 inc. V.A.T.

WI
UK 380

Digital tuning indicator
1:37.811 inc. V.A.T.

A
 r,

KS 390
Stereo pre -amp,

treb - bass- midd loudness &
volume control 16-25V D.C.

£15.79 inc. V.A.T.

UK 713
5 channel microphone mixer,

A.C. 240V operated.
E20.00 inc. V.A.T.

--- 41100

sKS 410
digital clock,

12V D.C.
£16.84 inc. V.A.T.

KS 440
Universal anti -theft alarm

110.52 inc. V.A.T.

'

KS 450
Anti -theft alarm for

motorcycles, 6-15V D.C.
£9.48 inc. V.A.T.

N...

KS 500 ..

Go -No -Go transistor ternr.
5V or 4.5V battery
E5.27 inc, V.A.T.

I

j I.,

KS 420
Digital D.C. voltmeter,
999MV -999V. 0.5V D.C.

E17.69 inc. V.A.T.

UK 108
Miniature F.M.

Not licenceable
£9.46

transmitter.
in U.K.

inc. V.A.T.

1

--le

UK 113/U
10W integrated circuit

amplifier
£6.31 inc. V.A.T.

st,

UK 232
Antenna amplifier for

AM/FM
15.27 inc. V.A.T.

KS 260
3 channel chase light. 1KW

per channel. 240V A.G.
110.52 inc. V.A.T.

KS 300
Westminster chimes,

IBig Ben)
E9A8 inc. V.A.T.

 h.

sea

UK 562
Transistor and diode tester

£14.73 inc. V.A.T.

UK 716
Three-way stereo mixer

E24.21 inc. V.A.T.

.111111111MINIMEN11
.

i I.

'I'

UK 882 Centralized anti -theft
alarm

133.67 inc. V.A.T

PLASTIC CABINETS
w.- OUTSIDE DIMENSIONS PRICE

--t---"

ei. MODEL WIDTH HEIGHT DEPT
I

INC
 ---13 v..,...,...

I, Z3 / - INCH mm INCH mm INCH mm VAT

00/3001.03 7,54 191,4 1,01 46 6,99 175 £421

00/3001.02 7,54 191,4 2,36 BO 175 £421
1.

00/3001.04 7,54 191,1 74 089 175 5.77
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 Project

LoftyA handy loft -light
alarm to build
RETURNING from a weekend away, not
so long ago when the weather was still
warm, we happened to meet our
neighbours from across the street. The
evening was balmy, though the light
was fading fast as we exchanged
pleasantries about the weather and
Botham's batting while we unloaded the
car; then our neighbour dropped his
bombshell. " By the way" , he said
innocently, "did you know you left a
light on in your loft? We can see it from
our upstairs window" . In fact, we could
see it from across the street, shining
brightly through narrow chinks between
some of the tiles.

That rapidly put an end to the
conversation as, feeling foolish, I hurried
into the house thinking, as I climbed the
ladder, of the electricity bill we were
about to receive (without thanks, oh
lord); those lights (two 150 watt bulbs)
had been burning continuously for at
least three weeks!

From that incident, Lofty was born -
a simple device that could be connected
across the light switch and which would
sound an alarm after a preset period,
unless the light had been turned off. As
finally constructed, Lofty actually has
two alarms; a winking LED for visual
warning and a two-tone beeper which,
although not particularly loud, generates
a penetrating tone that will be audible
throughout a quiet house.

Another aim, when we designed
Lofty, was to keep the size of the unit
as small as possible, and to keep the
cost low.

For these reasons, we used a novel
transformerless power supply. As a
result of this design, though, all parts of
the circuit are at mains potential with
respect to earth and are therefore
possibly lethal to touch. No metallic
parts must be exposed when the unit is
operational, and particular attention
must be taken in the construction to
ensure that the unit is effectively
insulated.

As an added precaution, it should be
mounted in an inaccessable position,
well out of the way of prying fingers!
The method is perfectly safe provided
these precautions are taken.

The Circuit
The transformerless power supply is
based on Cl; this has an impedance of
6k7 ohms at 50 Hz mains frequency.
Therefore, the current through it at 240
VAC is 36 mA. Although it is acting as a
'dropping resistor' and is passing a fairly
high current, C1 does not dissipate any
power; that is, it does not get hot.

CAUTION
The 'Lofty' uses a transformerless
power supply and, as a result, all
parts of the circuit are at mains
potential and are possibly lethal to
touch. No metallic parts must be
accessible when the unit is
o  erational.

The AC current through C1 is then
rectified by the diode bridge, BR1, and
charges C2 to a maximum of 1 5V,
determined by ZDI; this is the power
rail for most of the circuit. Resistor R1
drops the supply voltage further before
it is fed to the internal shunt regulator in
IC 1 , and C3 provides some additional
filtering.

IC 1 is a ZN1034 precision timer IC
made by Ferranti. It contains an
oscillator, a 1 2 -bit counter and a
regulator circuit. When power is applied
to the chip, the counter is reset; 4095
oscillator cycles later, the output at pin
2 goes high.

The time period is determined by the
oscillator frequency; the higher the
frequency, the longer the time period.
The frequency is set by just two
components - R2 and C4. The values
used here give a period of around 45
minutes, but this can easily be altered,
as described later.

While IC1 is still counting, the two
sections of IC2, a dual 555 timer, are
prevented from operating by the low
output from pin 2 of IC1 on their reset
inputs, pins 4 and 10. Then, when ICI
times out, its pin 2 goes high and
enables both sections of IC2. It is now
possible for LED1 to light, since its
anode is no longer at OV.

IC2b will oscillate at a frequency of a
few kilohertz, but the tone will be
modulated from the output from ICI a,
which is generating a asymmetrical
waveform at 1 or 2 Hz. As well as
modulating the output from IC2b, this
waveform also causes LED1 to flash on
and off. The output from IC2b is fed to
the piezo-electric sounder, X1, which
generates the audio tone.

Construction
Start by assembling the timer and tone
generator components on the PCB;
points to watch here are that the ICs

and the tantalum capacitor (C4) are
correctly oriented. At this stage, the
time period can be changed by altering
the values of R2 and C4. The delay, in
seconds, is equal to 0.7 x 4095 x R2 x
C4, with R in megohms and C in
microfarads; R2 should not be reduced
below 10k and C4 must be between
10n and 100u.

Before proceeding with the power
supply section (BR1, ZD1 and C2), test
the timer and audio beeper by
connecting a temporary 1 2-1 5 volt
supply to the unit. Naturally, you will
have to wait 45 minutes (or whatever
period you have set) to find out if all is
well! If the unit does fail to work for
some reason, first carry out the usual
checks for solder bridges, dry joints and
so on. The operation of IC2 can be
checked by first removing IC1, then
applying about 3V to the IC1 pin 2
connection. This will enable both
sections of IC2 and it should
immediately burst into life unless there
is a fault present. Testing IC1 will be
more difficult, although there is very
little that can go wrong here. If you do
need to check the IC, it would be best to
change R2 and C4 to give a short time
delay - 39k and 1 On give a one second
delay - otherwise fault-finding could
take a very long time!

When the timer and audio generator
are working, the power supply can be
wired up. Before proceeding with this,
however, check that the LED is bright
enough to be seen. If not, reduce the
value of R3, but not below 100R.

Power Supplied
The vital component in the
transformerless power supply is Cl; this
must be rated for 240V/50Hz operation
ie, at least 250 VAC, 600 VDC
working. When it has been soldered in
place, make sure Cl cannot vibrate by
tying it down with two cable ties passed
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FS1
250mA

ACTIVE 0
C1

470n
250V AC

240V AC

NEUTRAL 0 ZD1
15V

R1
47011

R2
1M

C3
100n

C2
100u

12

14

13

+C4

NOTES:
IC1 IS ZN1034
IC2 IS 556
D1,2 ARE 1N4148 OR SIMILAR

D11-

113

180R
R3 180R

R8
100k

R5 LED1
470k

R7
1M

13

14

ZD1 IS 15V 1W3 ZENER
BR1 IS 1A 800V (W08)
LED1 IS LARGE RED LED (PLASTIC)
FOR PANEL MOUNTING

714

X1 IS P62720 PIEZO BUZZER
R4 R6 R9

IC1
2

0-44
1M 4M7

2 IC2a
100k

8 IC2b

D2
6 12

10

C5 C6
T 220n T 4,17

Figure 1. The complete Lofty circuit - note that the mains earth lead is not connected.

C2

C1

LED1

CATHODE

ACTIVE
(BROWN)

NEUTRAL
(BLUE) j

240V AC

CABLE TIE

Figure 2. The PCB component overlay. Capacitor C1 takes up most of the board
space!

through the holes in the PCB. Next,
mount the diode bridge, C2 and the
Zener diode, then the fuse, FS1. This is
included to protect against the possible
failure of Cl; if it ever needs to be
replaced, remember to totally
disconnect the 'Lofty' before doing so!

Insulation
The last stage is to mount the piezo
transducer and connect it to the
appropriate points on the PCB. Use a
stout piece of plastic film between X1
and the underside of the case to insulate
the diaphragm of the transducer
because, as explained earlier, this could
be 'live' and thus potentially lethal to
touch. Finally, mount the PCB in the
case using M3 screws. It is now ready
to be wired into the loft light circuit.

Wired Up
The unit should be placed near the loft
opening, where it can easily be seen and
the sound of the alarm will not be
muffled. A length of ordinary two -core
lighting flex is connected from the
Lofty's mains input to the loft light, so
that the unit is turned on with the lights.
Forty five minutes later, the alarm will
sound. If you are still working in the loft,
reset the unit by briefly turning off the
lights, initiating another timing period.

Parts List
RESISTORS

(All 1/4 watt 5% carbon)

R1 470R
R2,4,7 1 MO
R3 180R
R6 4M7
R8,9 100k

CAPACITORS

(All polycarbonate unless noted)

C1 470n
250 VAC/600 VDC minimum

C2 1000u
25 V electrolytic

C3 100n
C4 1u

35V tantalum
C5 220n
C6 4n7

SEMICONDUCTORS

IC1 ZN1034
precision timer

IC2 556
BR1 W08

800V, 1 A bridge rectifier
ZD1 BZX61C15

1 5V, 1.3W Zener diode
D2,3 1N4148
LED1 panel mounting LED

with plastic (not metal) bezel

MISCELLANEOUS

FS1 250mA
20 mm fuse

X1 PB2720
piezo-electric buzzer

Chassis -type fuse holder; small cable
gland; plastic LED bezel; Verobox
enclosure (see Buylines); PCB; IC
sockets; stout plastic film, 1" x 1" ;
M3 bolts; cable ties; wire, solder etc.

BUYLINES page 34

HE
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CIET liKiNT FIRST MEI
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BACKNUMBERS
February 1980 September 1980
Passion Meter, Win Indicator,
Short Circuit Special, Kit Review
Special, Into Electronics
Construction Part 1.

May 1980
MiniClocks, 5080 Preamp, Model
Railway Track Cleaner, 5080
Loudspeakers, Loudspeaker
Crossover Design, Radio
Controlled Model Survey.

June 1980
Microbe Radio Control System,
Egg Timer, Two Watt Amplifier,
Fog Horn, Short Circuits, LEDs
and LED Displays.

July 1980
Sound -Operated Flash Trigger,
18 + 18 Car Stereo Booster,
Hazard Flasher, Electronics in
Photography, Electronic
Espionage, Piezo Electricity.

August 1980
EquiTone Car Equaliser, Pass -
The -Loop Game, Gaztec Gas
Detector, OP -Amp Checker, In -
Car Entertainment Survey,
Introducing Microprocessors.

MicroMixer, Reaction Tester,
Guitar Phaser, Developnient
Timer, Teletext Explained, Into
Digital Electronics Part 1.

October 1980
Kitchen Timer, Tug 'o' War
Game, Light Dimmer, Freezer
Alarm, Intruder Alarm,
Temperature -Controlled
Soldering Iron.

January 1981
Car Rev -Counter, Bench
Amplifier, Sound -Into -Light
Converter, Chuffer, Electronic
Games reviewed.

February 1981
Heartbeat Monitor, High -
Impedance Voltmeter, Medium
Wave Radio, Two -Tone Train
Horn, Audio Signal Generator.

March 1981
Public Address Amplifier,
Windscreen Wiper Controller,
Bicycle Speedometer,
Photographic Timer,
Microcassettes.

April 1981
Pre -Amplifier Part 1, Super
Siren, Guitar Tremolo, Russian
Roulette Game, Doorbell
Monitor, Anatomy of a Space
Shuttle.

May 1981
Electronic Organ, Voice -
Operated Switch, Infra -Red
Controller, Pre -Amplifier Part 2,
Audio Millivoltmeter.

June 1981
Power Amplifier Part 1,
Continuity Checker, Envelope
Generator, Early Radio, Gadgets,
Games and Kits Supplement.

July 1981
Burglar Alarm, Doorbuzzer,
Treble Booster, Electronic Aids
for the Disabled, Power
Amplifier Part 2.

August 1981
Electronic Ignition,
Thermometer, Electronic Organ
(final part), RPM Meter, Bench
Power Supply, Radio Control
Survey, Into Electronic
Components Part 1.

All of the 1980 issues, except January and April, are still available together
with the remaining issues from 1981.

Alarm

All backnumbers cost £1.25 each. For those of you who only want copies of articles, we
do offer a photocopying service. Each copy costs E1.25 and information as to its title and
publication date should be given. Ordering backnumbers and photocopies could hardly be

easier, just fill in the coupon, cut it out and send it to:

Hobby Electronics,
145 Charing Cross Road,

London WC2H OEE

Please remember to mark your envelope with the service you
BACKNUMBERS or PHOTOCOPIES,
otherwise our mailroom won't like you.

HOBBY ELECTRONICS
BACKNUMBER ORDER FORM
Please send me the following items:

NAME

ADDRESS

Back issues at £1.25 each

I enclose £

LCheques
and Postal Orders should be made payable to ASP Ltd.

require,

HOBBY ELECTRONICS
PHOTOCOPY ORDER FORM
Please send me the following items:

NAME

ADDRESS

Photocopies of in the

issue at £1.25 each

I enclose £
Cheques and Postal Orders should be made payable to ASP Ltd.
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19" RACK MOUNTING CABINET. 1.2.34-
from Panel 4801(150 rem Rear Case 4251E250 ,140,,n, w119-50

r Free Standing

Brushed
Ali Front

with

.CROME HANDLES'

nu. a oroless.onal rack mounting cabinet that will anode you to get von' eouroment off the bench Rack mounting
,ovtdessecunty for your ettu.ornent and easy access to, maontenance Iths precision rack mounting cadnet has an o
he features you would expect tom a oroless.unat wren

* Top bottom and rear cow« removable for awes * Pisces he,. heavy duty prey pant finish * Ern den& .
son gauge - 3mm eltendeurn * Stn., screwed construchon throughout - screws included * Heavy gaups

hallSla mountrng plate is pe &died and has tour mounting daemons to choose from * From panel ts of brush..
minium finish enhanced with heavily chromed handles * \
1. ENCLOSURES EURO SIZES I (19`,:`,1

AT Rear Case p-. U Ii ze
. LOW COST 425w250d less 1/1"m

...th,.,,w4r.)
-L' -c.44

1 a s 44mm
Special Sizes
Made To Suit- REQUIREMEN

2u - -17.50
3u - - 18.50
lu -....ii -

,- 22.75-2 ai - -? ,

OULL3,
De(c) I
um.,-.- wi-
ry-N ,c-,, 4a-

`-6"
C\J LnEc) 0

AOD V.A.T AT STD RATE & ORDERS UNDER 15.00 R V. 50p.ABOVE ITEM £2 Pg. P

I

metal cabinets
These are hereunto., manufactured cabinets whit an altanonnon boss
and 1 8 gauge steel CO.'S They Come lotted woth rubber feet Ito OM.
the cadet loured tor venolahon end limshod .11 an abr... two tone
fonosh They mass ...Item cedrwts for power subOtda tem...
control urnn and many mote Prothcft

a i1 70a- lozow. SINN  ini-k-
b 12.55 Lb - Iwo) . el(ni . 103(w)n..

C.- 'sow . 'moo . 1344.)..... 5 j3.04
d- 1114(di . mini! isol.),., d £4.08 roi 10 0,1 FREE Catalogue.

z2o8
(an at

da
Ec
C1-0

SOLDER ING- IRON -3 0 W 04 il-75"
RELAY -A- QUIP, Moat Lodge. Stock Chase, o'sI, VISA '''''' 1191/18pM
Maldon,Essex. 0621-57242 "%_2'..m.phone, iIIIW MON SAT

MARCO TRADING

ADAPTORS

Primary Secondary Current 1+ 10+ 100+
240V 4.5-0-4.5V 400m/a SOp 45p 35p
240V 6-0-6 100m/a SSp 52p 43p
240V 6-0-6 500m/a 65p 60p 48p

Manufacturers note: We can supply OFF THE SHELF
1000+ quantities of the above transformers.

These high quality British made European Adaptors are
ideal for driving radio's, cassette recorders, TV games,
calculators etc etc.

These adaptors fit the UK shaver socket.

1+ 10+ 100+
E06 4.5V DC 200m/a 50p 45p 32p
EM3 6V DC 200m/a £1.00 80p 55p
E09 6V DC 400m/a £1.50 £1.25 85p

MULTIMETER SPECIAL

Russian type U4324 20,000 O.P.V.
DC Voltage: 06, 1.2, 3, 12, 30, 60, 120, 600,
1200.
AC Voltage: 3, 6, 15, 60, 150, 300, 600, 900.
DC Intensity M/A: 0.06, 0.6, 6, 60, 600, 3000
AC Intensity M/A: 0.3, 3, 30, 300, 3000.
DC Resistance: 0.2, 5, 50, 500, 5000K.
ge level dB: 10 to + 12.

Special Price £15.00 inc p/p and VAT

Send 25p Now for our latest Catalogue. Fantastic Value it includes capacitors,
diodes, resistors, transistors, LEDs, boxes, cable, prepaid envelopes and much,

much more.

Please add 35p postage and packing and 15% VAT to all orders.
Send orders to:

MARCO TRADING (Dept HE12)
The Maltings, High Street,
Wem, Shropshire SY4 5EN

Telephone: WEM 109391 32763

Every order receives our latest special offer lists. Or send SAE.
All orders despatched by return of mail.

200/V d.c.
41d1/V a.c.

SPECIAL OFFER

mini 20
The Mini 20 is an ideal instrument for the
constructor.
This special offer is a wonderful opportunity to ac-
quire an essential piece of test gear with a saving of
nearly £10 on the normal retail price.
The 28 ranges cover all likely requirements. Opera-
tion is straight -forward, just turn the selection
switch to the required range position.
RANGES
d.c. V: 100mV, 3V, 10V, 30V, 100V, 300V, 600V
a.c. V: 15V, 50V, 150V, 500V, 1500V Supplied complete

d.c. I: 50µA, 600µA, 6mA, 60mA, 600mA with case, leads andinstructions.

a.c. I: 30mA, 300mA, 3A
Ohms: 2Id2, 21VIS1
(Accuracy: 2% d.c. Et resistance, 3% a.c.)
Dimensions: 105 x 130 x 40mm
Movement protected by internal diode and fuse.

For details of this and the many other exciting in- Instrt_rnents Ltd.
struments in the Alcon range, including multimeters,
component measuring and electronic instruments 19 MULBERRY WALK  LONDON SW3 6DX  TEL: 01-352

please write or telephone:

only £21.60
INCLUSIVE OF POST

PACKAGE - VAT
Goods despatched by return of post

1897  TELEX: 918867
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METERTECH MODEL 3T

32 DIGIT LCD

111111
MULTIMETER

OHMS

OCert M vs,

Z(10.

2,8

se

lose

Sc

104

A it

200a

nit

AC

0

1090,

WWIAt!

DC VOLTAGE (5 ranges) 0.8% accuracy 100 µV to 1000V
AC VOLTAGE (2 ranges) 1.2% accuracy 100mV to 1000V
DC CURRENT (5 ranges) 1.2% accuracy 100nA to 10A
RESISTANCE (4 ranges) 1% accuracy 1S2 to 2M0

Price £49.95 includes VAT, postage & packing.
Optional accessories.

Deluxe protective case £6.90 including VAT pErp
10AC current shunt £6.90 including VAT pEtp

F0012

err OA

* 12.5mrn DISPLAY
* 10M0 INPUT IMPEDANCE
* AUTOMATIC ZERO ADJUSTMENT
* AUTOMATIC POLARITY SWITCHING
* OVER RANGE INDICATION

44 * FUSE CIRCUIT PROTECTION
* BATTERY LOW INDICATION

ar * hFE MEASUREMENT FACILITY

26
towl

* DIODE CONTINUITY CHECK
* ACCESSORIES INCLUDED

790 wor,
31

TEST LEADS, BATTERIES Er
INSTRUCTION MANUAL

2004 * SIZE 180 x 90 a 35mm
* WEIGHT 300g

2004 * SAMPLING TIME 0.25 sec
cokl (1/,0

PLEASE SEE AUGUST
EDITION HE FOR
REVIEW OF THIS

METER

62 CURTIS ROAD, WHITTON,
HOUNSLOW, MIDDLESEX TW4 5PT

TEL (01) 894 2723

Revolution in circuit
board maker kits from
leading manufacturer

CIRCUIT MAKER
The CM100 Circuit Maker provides everything necessary to produce
positive photographic film masters from same -size published circuit
layouts and to make either single or double -sided boards from these or
other positive film masters.
Features
 Economic and simple to use.
 No expensive equipment required e.g. darkroom, UV box, cameras

etc.
 Photographic experience not needed.
 Simple etching process.
 Universal exposure and assembly frame custom -designed,

professional quality.
 Ergonomically designed storage pack which includes free-standing

shelf for chemicals.
 Step-by-step instruction manual, workbench and trouble -shooting

charts provided.
 Special clearing process ensures excellent clear positive film

masters.
 Photoresist available in non -aerosol form to eliminate 'spotting'

when applied to the board.

Mercia Electronics, Coronet House, Upper Well St., Coventry CV1 4AF.

and price details, post to: ParaWrrliaSend for full illustrated brochure

Name

Address

Signature

ELECTRONICS
Coronet House,
Upper Well Street
Coventry CV1 4AF
Tel: (0203) 58541

B.N.O.S.
ELECTRONICS /

Don't miss the Christmas rush. Don't waste your
money on throw away Dry cell batteries. Buy
EverReady RECHARGABLE Nicad Batteries,
run your toys, radios, cassettes or even kitchen
equipment. Each charge lasts as long as a dry cell,
but you can re -charge them up a 1,000 times or
more, so think of the money you can save at 1p a
charge.

BUY NOW
and have a set charged ready for Christmas.

(Available in four standard sizes)

Dry Cell
NI -CAD Equivalent Capacity 1-9 10-24 24-100

'AA' HP7 0. 5AH 0.90 0.85 0.82

HP11 2.2AH 2.40 2.30 2.20

SUB 'D' HP2 1.5AH 2.30 2.15 2.00

HP2 4.0AH 3.40 3.20 3.05

PP3 PP3 0.11AH 3.90 3.65 3.40

Ni-Cad Battery Chargers
Type AC1 charges up to 4 x AA cells at a time £5.90
Type MC2 charges up to 4 x AA, C, D cells ft also PP3's. £8.50
Postage FREE on mainland U.K. orders.

SEND NOW your cheque/Postal orders
All prices include VAT

B.N.O.S. ELECTRONICS, DEPT H.E.,
GREENARBOUR, DUTON HILL,
GT DUNMOW, ESSEX CM6 3PT

TEL: 0371 84767

Also ACCESS & VISA cards welcome

MIGHTY NINETY PACKS
SUPER VALUE PACKS ALL AT 90p each

BUY SIX PACKS AND GET A SEVENTH FREE
Please add 20p

Please allow
MN2. 200 1 Er I -watt Resistors.

MN3. 100 1 Et 2 -watt Resistors.

MN4. 50 Wirewound Resistors.
MN5. 100 metal oxide Resistors. 1%, 2% and
5%.
MN6. 12 asstd potentiometers.
MN7. 25 asstd skeleton preset Resistors.
MNE. 50 asstd Electrolytic Capacitors.
MN9. 100 asstd Ceramic Capacitors Pite. disc.
tub and monolythic etc.
MN10. 100 mixed capacitors. Polyester,
Polystyrene, Metallised, Radial and Axial types.
MN11. 20 asstd Silver Mica Capacitors.
MN12. 8 Tantalum Bead Capacitors (useful
values).

MN13. 20 asstd Transistors. BC, 2N Series
Power etc.
MN14. 40 IN4148 Diodes.
MN16. 20 min. wire -ended Neons.

MN17. 2 12 -volt Relays, Ex nearly new equip.

MN19. 15 P.C.B. mounting M.E.S.
lampholders.

MN20. 1 240-110 to 12 -volt 100ma
Transformer.
MN21. 1 240-110 to 24 -volt 100ma
Transformer.

MN22. 8 2" Led's with clips, 4 red, 2 yellow, 2
green.

MN23. 300 asstd screws, nuts, washers, self -
tappers etc.
MN26. 80 Assoc. rubber grommets.
MN29. 75ints equipment, wire, asstd colours
and sizes.

MN30. 3 x 2mm length, 3 core, mains cable.
MN32. 15 30pF Beehive trimmers.
MN34. 25 min glass reed switch.

per pack postage
7 days delivery.

MN35. 10 asstd switches, toggle, slide, micro
etc.

MN35 10 sub -min SP, C/O slide switch.
MN37. 10 asstd audio connectors. Din phone
etc.
MN40 50 Polystyrene capacitors.
MN46 35 asstd diodes Zener, rect, signal, swit-
ching.

MN46. 15 asstd Zener diodes.
MN48. 200 items 4BA asstd length screws,
nuts Or washers.

MN49. 200 items 6BA asstd length screws.
nuts Er washers.

MN50. 3 pieces of veroboard useful sizes, min
total 35 sq inch.
MN51. 10 x 0.2" red LED.
MN52. 10 x 0.125" red LED.
MN53. 20 x 0.1 mid 25v ceramic disc caps.
MN54. 20 x 0.1 mfd 25v ceramic disc caps.
MN55. 10 watt audio amp board with circuit.
MN56. 10 14 pin low profile IC skt DIL.
MN57. 10 16 pin low profile IC skt DIL.
MN60. 10 asstd TTL IC's.
MN63. 50 mixed polyester caps C280, Siemens
etc.

MN64. 5 Press to make min switches.
MN68. 200 asstd veropins, turret tags, PCB
pins etc.

MN69. 4 min push to break switch.
MN70. PCB with push SW with attractive
chrome plastic knobs 1 x 00241, 1 x BC300,
2 x BC237, 1 x BC204, 4 x 1N4002, 2 x
CMOS 4025, 200mm fuse holder F- 22
resistors, capacitors, diodes etc.
MN71. IZN414 RADIO IC.

See us at Breadboard, Stand 78

CHORDGATE LIMITED
RETAILER SHOPS AT

75 FARRINGDON ROAD, SWINDON, WILTS.
Tel. (0793) 33877

21 DEPTFORD BROADWAY, LONDON SE8
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ELECTRONIC COMPONENTS
THE CHOICE IS YOURS - CALL AT OUR NEW
SHOWROOM OR USE OUR VERY FAST MAIL ORDER
SERVICE.
EITHER WAY WE'LL KEEP YOU HAPPY
Furthermore we promise if any part ordered by mail fails
to please just return within 7 days for a full refund.
For a vast selection of electronic components &
equipment of all kinds. Here is just a selection of our
stocks. Many more items listed in our catalogue
available now 70p post paid.

. DIL SIRS

!SPARE TIP ST4
56p soldering iron
56p stand with
55p large sponge
55p E1-70

DENCO COILS
IFT13 £1.15
1F114 e1-20
1E718 £1 -45

3T Pt 5T Blue or
Red E1-34

SPARE

ELEMENT
1-70
2-10
1-80

8 P. 10p
14 Pin 11p

16 P'n
13p

18 Pin 17p
20 Pin
22 Pin 24p
24

20p

Pin 27p

DIODES
1144005 Elp

1N5408 29p
1 nia 148 5p
100 for E2-50
0447 10p
0A91 OP

Spare tip sizes available lmm, 2.3mm, 3mm or
14.7rnmllmrn not for X251

1-80 28 Pin 35p
40 Pm 40p

400rnW Zener
13W Zener 190

RESISTORS
1W 5% C.F. 18 to 10M 2p each 100 for E1.00
IW 5% C.F lOR to 1M 2p each
1W 5% C.F. lOR to 820K 5p each
DA, 1% M.F IOR to 680K 5p each 100 for DEM
100 off prices one value only - no mixing

POTENTIOMETERS
Preset .1W Horiz OP

.1W Vert 11p
Std single Po 29p
Single Er Swi ch 03p
Dual Gang 7Sp

CAPACITORS Disc .01 uF 50V 8171100 for 1751

Min Plate 1.8pF to 47pF 5p Ceramics .1uF 501 10p 1100 for E5I

Ceramics 560E to 22013E Op

270pF to 1000pF 7p Variable 0 to 500pF 96p

1200pF to 47000 8p
100 off any one type less 30%

Electrolytics - polys - Tants - Full range in catalogue

ANTEX SOLDERING IRONS
IRON

C 15 wan 4-30
CCN 15 wan 4-45
CX
X2

17 watt 4-50
5 25 wan 4-50

TRANSISTORS
AC128 0-24
AF117 0-52
BC107 0-10
BC107C 0-12
BC108 0-10
BC108C 0-12
BC109 0-10
BC109C 0-13
BC182L 0-10
BC184L 0-10
BC212L 0-10
BC214L 0-10
80112 040
00115 0-69
80124 1-58
(Men
We specialise in
please.

8132404 0-60
1302414 060

i 8E180 0-30
BF 199 0-18
BF244B 0-29
8E257 0-30
BE839 0-24
BE840 0-24
8F964 3-00
BE879 0-26
BE880 0-26
BFW14 0-25
BE053
BFY90 0115
010934 14-20

audio power transistors

0U126 2-25
BU208A 2-00
MPSA05 0-20
MPSA06 0-21
MJ15003 4-05
MJ15004 5-04
R20108 2-60
TIP29A 0-39
TIP29C 0-45
TIP304 0-39
TIP3OC 0-46
TIP31A 0-39
TIP31C 0-45
TIP32A 0-39
TIP32C 0-46

- special prices

TIP33C 046
TIP34C 0-85

ITIP35C 1-05
TIP36C 1-90
TIP41A 0-46
11P41C 0-48
TIP42A 0-46
TIP42C 0-48
TIP110 0-82
Tjp115 0-82
TIP121 0-99
TIP126 0-99
T1P141 1-20
TIP142 1-20
70146 126

available to bulk

T1P147 1-25
TIP2955 0-60
TIP3055 0-57
TIS43 0-37
TIS90 0-26
2141309 0-00
2N3053 0-22
2N3054 048
2N3055 0-48
2143904 0.14
2143773 2.25
40673 692
40871 1-05
40872 1-05

buyers - SAE

INTEGRATED
74LSTTI
LSOO 0-12
LSO4 0-15
10013 0-15
L510 0-15
LS13 0-29
LS20 0-l5
LS30 018
LS74 0-24
LS107 0-40
LS154 086
LS244 0-80
LS386 0-28

CIRCUITS
CMOS
4000 0
4001 0-14
4011 0.15
4013 0.34
4017 0-42
4022 0-05
4046 0.74
4049 0-30
4066 0-35
4070 0-25
4093 0-38
40106 0-55
4511 0-67

LINEAR-14

1 F351N 049
LF353N 0-94
LF355N 0-86
1F356N 0-89
LM301AN 0-28
LM308 0-94
LM311 0-70
1M324N 0-50
LM348N 046
LM380N 0-75
LM381N 1-46
LM382 1-25
LM384 1-40

LM386 0-90
LM387 1-18
LM3909 0-70
LM3914N 280
LM3915N 2-16
LM3916N 2-15
MC1458 0-47
NE555 0.20
NE556 040
140565 1-20
NE566 1-56
NE567 1-50
TBA120 0-90

TBA440 2.62
TBA520 1-92
T84530 1-78
TBA800 045
TBA900 2-20
TDA2640 2-16
555 0-20
709 0-50
741 lOpmnl 0-111
747 0-70
748 0-36

V. REGULATORS (FIXED)
-i- Ve 100mA 78L05 - 78112 -- 78L15 3113

- Ve 10OrnA 79L05 - 79L12 - 79115 59p

+ Ve 1 Amp 7805 - 7812 - 7015 80p

- Ve 1 Amp 7905 - 7912 --667915 p

V. REGULATORS (VARIABLE)
LM317K 1.5 Amp 03-35
LM338K 5 Amp 0470
LM396K 10 Amp E11.00
L23 14 OIL
L123 1099 000-457-80

PRINTED CIRCUIT BOARDS - High qua ity fibre glass laminate
1.6mm Single sided board 1.6mm Double sided board
6 x 6 685 6 x 6 0-90
6 x 12 1-65 6 x 12 1-70

12 x 12 3-05 12 x 12 3-16

TRIACS b SCR's
11C22613
400V 8A triac 65p

FOTO COATED RESIST BOARD - High quality fibre glass
laminate precoated with positive foto resist. For small batch production of PCB's

Cl06
4001 4A SCR 48p

lmrn single sided 12' x 18" 013-80
1.6mm Single sided 1 6mm Double sided
100 x 160mm Euro 1.53 100 x 160mm Euro '-..'"
203 x 114mm 1-83 203 x 114mm 2-10.4
203 x 228mm 3-60 203 x 228mm 4- '.
467 x 305mm 9-10

Fotodeveloper concentrate £242 Ferric Chloride rock 67.
Chemical Dishes 12" x 10' f1-50 Plastic Tongs ... =
Acetate Sheet f0-20 Dalo Pen se'ree
Transfer Pack 5 asstd. sheets C2-00

LED's EACH
3mmRed llp
3mm Green 17p
3mm Yellow 18p
3mm Clip 4p
5mm Red 13p
5mm Green 20p
5mm Yellow 20p
5mm Clips 4p

PANEL METERS
Until now panel meters have

The following Dc

MIC INSERTS
Xtal 45p
Condenser 60p

proved an expensive Pal of year ' 1

tames:-
50uA - 100uA - 500t)A - I rnA Dynamic 75p

Nowproject vailable this new quick
fit type.
32mm Square Meter

- -
500mA - 14 - 54 - 25V - 50V
ONLY E1-96 each

MINI
SPEAKERS
2i" 64 ohm 70p

8 75p

BARGAIN PACKS 12 Asstd Presets
12 Asstd Panel Mtd Pots E1-10 30 Asstd Silver Mica Caps
20 Asstd Electrolytic Caps (0-88 5 Asstd Relays
7 Asstd Blob Boards E1-10 30 Asstd C296 Polyester Caps

150pF Trimmer Cap MO 250 Asstd Preformed resistors
30 Asstd MM Ceramic Caps (0-70 8 Asstd Switches Micro, slide
9 Asstd 4000 Series CMOS (1-10 lever, key. push, toggle

10 Asstd 5 redi 5 black croc Excellent value
clips f0-50 I Electrolyte Can 15000uF 25V

20 Plastic type BC109 trans. £0-78 Micro SPOT 10p each 6 for 60p
Push Buttons SPDT 15p each 10 for 01-00

3

E0-60
ED -90
f1 -10
E0-80
0475

f0-90
E670

ohm

103 for
E7

£9
E10
£3
E7

£9
£10
f2-50

'EARPHONES

LIGHTNING ELECTRONIC 174 `Solhe7r4P:n esMag. 2.5rnin Plug 16p 60p

COMPONENTSPostage Er Packing 50p per order !free over 0101 Please add VAT at 15%.
Telephone orders welcome by Access or Barclaycard

Showroom & Mail Order Distribution Centre at: -
18 Victoria Road, TAMWORTH, Staffs B79 7HR Tel 0827-65767.

A.

NEW GOODIES JUST
ARRIVED!

C12 K88A Darlington Power 103 PNP 60V
12A 117W Hfe 750 @ 6A 75p

C13 Nixie - Siemes ZM1336K, 14mm digit
height, overall 25mm. Wire ended 60p

C14 BY212 -750 power switching rect, 800V
4A. 4 for E1.50

C15 GRO5R 50V 5A switching rect. 4 for 50p
C1621PT5 50V 20A rect. 75p
C17 KBLO4 4A 400V bridge 50p
C18 BSI 1A 100V bridge. 5 for f1

Previous Months New Items
NI 8085A CPU E3.50
N2 MC14175 50p
N3 LM380 55p
N4 1000uF 16V Ax 15p
N5 6850100p
N6 MM5290 50p
N7 MM2114 60p
Cl 7912CK 1T03 Case/ 75p
C2 3.579545MHz Xtal HC6U case 50p
C4 25 way screened cable 7/0.2 50p/metre
C5 Reed switches, 20mm body SP make

2041
C6 12V reed relay, SP break 40p
C7 Ni-cads, C size 2AH E2, 10/016
C8 68400 CPU 01.50
C9 UDN6116A display driver 50p
CIO Speedbloc ribbon cable: 10 way 30pirn;

20 way 60p/m; 40 way E1.20/m

BRAND NEW VEROBLOC
KIT!!!

Just published by Babani, Mr R. A. Penfolds
new book, "30 SOLDERLESS BREADBOARD
PROJECT" - this book features 30 different
projects for assembly on a Verobloc, and the kit
contains all parts necessary to make:
Audio Amplifiers
Light & Dark Activated Switches & Alarms
Timers
Metronome
Oscillators & Tone Generators
Warbling Door Buzzer
Two-tone Train Horn
Touch Switch
Reaction Game
Sound Activated Switch
Radio Receivers
Fuzz Unit
+ lots more!
The introduction shows all the different com-
ponents and explains how to use the bread-
board. The Verobloc layout is shown for every
project together with the circuit diagram and an
explanation of how it works. Ideal for beginners
in electronics, but also suitable for more advanc-
ed students.
The complete kit is contained in an attractive
plastic case, which can be divided up into 15
compartments in which your components may
be stored.
Complete Kit, including book, Verobloc & all
parts E24.95
Book only E2.25
Kit without Veroblock 820.45

1982/3 CATALOGUE
Bigger! Better!! Buy one!!!

Only 75p inc. post - Look what you get!!
 Vouchers worth 60p
 1st class reply paid envelope
 Wholesale list for bulk buyers
 Bargain List with hundreds of surplus lines
 Huge range of components
 Low, low prices

Sent free to schools, colleges etc.

REGULATED PSU PANEL
Exclusive Greenweld design, fully variable
0-28V & 20mA-2A. Board contains all
components except pots and transformer. Only
E7.75. Suitable transformer and pots E6. Send
SAE for fuller details.

SOLENOIDS AND RELAYS
W821 Solenoid rated 48V at 25% duty cycle,
but work well on 24V 1700gm pull, 10mm
travel/ push or pull 27 x 18 x 15mm 55p
W922 Mains 240V ac solenoid. 10% duty cycle,
push or pull, 16mm travel. 50 x 20 x 16mm. On-
ly f1.50
W895 9V DC relay 500 8 SPCO 28 x 24 x 19 50p
W733 11 pin plug in relay. 240V ac 3PCO 5A
contacts 12.50. Base 36p
W838 700R 24V 4PCO 'continental' relay
35 x 30 x 18. Only 84p. 10/E7.
W847 37R 5 10V relay. SP 3A contact, PCB
mntg 11 x 33 x 20 96p. 10/E7.50
W893 Omron LY4 mains relay, 4PCO 5A con-
tacts E2.50
191896 24V ac coil, but works well on 6V DC. 2
10A c/o contacts. Ex -equip. only 60p

30 Solderless
Breadboard
Project - Book 1
Recommended
B BICC VERO
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5mrt; RED LED SCOOP
Another company gone bust - to your advan
tage!!! We've bought all their 5mm red LED's -

GI type MV5754, and offer them as follows:
25 01.95; 100 06.00; 250 013.50; 1 k E39.50; 5k

f185.
Add 30% for 2 -part clip if required.

1,000 RESISTORS
12.50

We've just purchased another 5 million preform
ed resistors, and can make a similar offer to that
made two years ago, at the same price!!!
K523 - 1,000 mixed and 1W 5% carbon film
resistors, preformed for PCB mntg. Enourmous
range of preferred values. 1,000 for E2.50;
5,000 E10; 20k £36.

FILAMENT DISPLAYS
2653 7 seg display 12.5mm high. Ideal for TTL
operation, taking 5V 8rnA per seg. Std 14 DIL
package. Only El each, 4 for E3.00. Data
supplied.

ELECTRO-DIAL

NOW
DOWN

IN
PRICE!!

Electrical combination lock for maximum securi-
ty, absolutely pick -proof!! One million combina-
tions!! Dial is turned to the right to one number,
left to a second number, then right again to a
third number. Only when this has been com-
pleted in the correct sequence will the electrical
contacts close. These can be used to operate a
relay or solenoid etc. Overall die 65mm x 60mm
deep. Finished in bright chrome. With combina-
tion the price is reduced to E3.95.

LIE DETECTOR
Not a toy, this precision instrument was original-
ly part of an 'Open University' course, used to
measure a change in emotional balance, or as a
lie detector. Full details of how to use it are
given, and a circuit diagram. Supplied complete
with probes, leads and conductive jelly. Needs 2
41V batts. Overall size 155 x 100 x 100mm. On-
ly £7.95 - worth that for the case and meter
alone!

COMPONENT PACKS
K503 150 wirewound resistors from 1W to
12W, with a good range of values f1.75
K505 20 assorted potentiometers, all types in-
cluding single ganged, rotary and slider (1.70
K511 200 small value poly. mica, ceramic caps
from a few pF to .02uF. Excellent variety (1.20
K514 100 silver mica caps from 5pF to a few
thousand pF. Tolerances from 1% to 10% 02
K520 Switch Pack. 20 different rocker, slide,
rotary, toggle, push, micro, etc. Only 12

COMPUTER BATTLESHIPS
Probably one of the most popular electronic
games on the market. Unfortunately the design
makes it impractical to test the PCB as a work-
ing model, although it may well function
perfectly. Instead we have tested the sound
chip, and sell the board for its component value
only (PCB may be chipped or cracked).
SN76477 sound IC; TMS1000 coprocessor;
ban clips, R's, C's etc. Size 160 x 140mm. Only
0.50. Instruction book and circuit 30p extra.

ALL PRICES INCLUDE VAT - JUST ADD 50p P&P

GREENWELD
443F Millbrook Road, Southampton SO1 OHX
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 Project

Big Ear

A high gain, directional microphone, ideal for nature studies.
THIS is one project where the
mechanical work is greater than the
electronic! The Big Ear consists of an
omnidirectional microphone insert
mounted in a length of common,
garden variety 21/2" PVC pipe, and a
simple two -stage amplifier circuit. It
was originally designed for recording
or listening to the sounds of wildlife;
however, the prototype has also
proved useful as a stethoscope, and
for listening in to distant conversations
(be warned - the listener may not
always like what he.hears!)

The length of pipe serves two
purposes; first, it acts as a resonant
cavity with many resonant frequencies
extending from a few hundred Hertz
right up to the top of the audio band.
Any pipe or tube has a fundamental
resonant frequency which is a
function of its length, and it is also
resonant at overtones (harmonics) of
the fundamental frequency. In general,
the fundamental frequency, f, of a
pipe which is closed at one end is
approximately equal to c/4I, where I
is the length of the pipe and c is the
velocity of sound (330 metres per
second, for most purposes). Thus the
fundamental frequency of a pipe
0.25m long will be at 330 Hz; the
overtones produced by a closed pipe
occur only at odd harmonics, therefore
resonant peaks will also occur at 990
Hz (3f), 1650 Hz (5f), 2310 Hz (7f)
and so on. The effect of these
resonances is to accentuate any sound
at those frequencies, increasing the
gain of the system at specific points in
the audio spectrum. The length of the

Figure 1. The directional response of
the Big Ear.

pipe specified for this project has been
arrived at after considerable
experiment, and provides good results
with minimum undesirable side -
effects.

Second, the pipe provides a useful
measure of directivity, due to
diffraction effects. Diffraction is
simply the change in direction of
sound when it passes around an
obstacle. The degree of bending
depends on the ratio of the
wavelength of the sound to the size of
the obstacle and is greatest when the
size of the object approaches the
wavelength of the sound. In general,
long wavelengths (bass frequencies)
bend more easily because few
everyday obstacles are more than
about one metre long (the wavelength
of a 100 Hz note, for example, is
about 3.3m). The higher frequencies

RI
470R

C1
100n

3

R2< R3
100k < 100k

R6
100k

2

8

1Cla

4

C2
100n

R4
100k

RV1
10k

C5 l+ C3
100u 100u

85
82R

R7
100k

SK2

---0+9V
SW I

NOTE:
1C1 = TL082

4- C4
100u

SK1

Figure 2. The internal circuitry of the Big Ear.
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Figure 3. The project is simple enough to build on Veroboard. The diagram shows
the component layout and the track cuts viewed from the top.

bend less easily and therefore are
more directional, since they are
reflected by common -sized obstacles
rather than bending around them.

In the Big Ear, the pipe tends to
'hear' only those mid -range and high
frequency sounds coming from
directly in front, whereas sounds from
the sides or rear will be rejected
because they cannot bend around the
edges of the opening. At low
frequencies, however, the tube has no
effect and so the response of the
system reverts to that of the
microphone insert, ie omnidirectional.
To prevent these frequencies from
being transmitted through to the
output, the response of the amplifier is
rolled off at the bass end. Overall, this
combination of techniques gives a
back-to-front ratio of 2:1 (see Figure
1).

The Big Ear is designed to be hand-
held, and for this purpose, a standard
21/2" pipe clip serves quite well as a
handle in normal use; it will also do as
a tripod mount, should that be
required.

The amplifier section has two
outputs: a headphone socket for
monitoring purposes and a 1/4 jack

socket for connection to the line input
of a tape recorder.

The Circuit.
The circuit (Figure 2) consists of two
op -amps contained in a single TL082
IC package. The circuit can be split in-
to two sections: a voltage amplifier
and an output buffer.

Starting at the input (where else?),
notice that the microphone has three
connections to it. This is because it is
an electret insert which contains a FET
preamplifier to provide a low im-
pedance drive from the high im-
pedance microphone source. Thus, it
must be connected to the supply rail
via R1.

The input from the mic is fed to
the non -inverting ( - ve) input of IC1a.
The value of the coupling capacitor,
C1, is chosen to filter out the very
low frequencies generated by handling
the unit. Otherwise, these would
create low rumbling sounds which
would seriously interfere with the per-
formance, especially at high gain set-
tings! The voltage gain of this stage,
set by the ratio of the values of R4
and R5, is x1000.

The Big Ear was intended to be

Parts List
RESISTORS
(All 1/4 watt 5% carbon)
R1 470R
R2,3,4,6,7 100K
R5 82R

POTENTIOMETERS
RV1 10K

log carbon

CAPACITORS
C1,2 100n

C352* polyester
C3,4,5 100u

1 6V electrolytic
*Replaces C280 Series

SEMICONDUCTORS
IC1 TL082

dual op -amp

MISCELLANEOUS
SK1 3/4" stereo socket
SK2 1/4" mono socket
Small ABS case, approx. 80 x 60
x 40 mm; omnidirectional electret
microphone insert; 0.1"
Veroboard, 50 x 38 mm (20 holes
x 15 strips); slide switch; PP3 bat-
tery clip; PVC pipe, 254 x 63 mm
(10" x 21/2"); wire, solder etc.
BUYLINES page 34

portable, and therefore a dual supply
system, positive and negative rails,
was not suitable because of the extra
battery requirements. Instead, a half -
supply voltage reference is created by
the resistive divider network R3 and
R6. The junction of the two resistors
is bypassed to OV by C3 to remove
any noise from the signal.

The full gain of the first stage is
not always required (the results could
be ear-splitting), so the output from
IC1a is coupled to the buffer stage,
IC1b, via a volume control, RV1;
coupling capacitor C2 is chosen to
roll -off the bass response. IC1b is set-
up as a unity gain amplifier; its output
is at a low impedance and is sufficient
to drive an ordinary set of headphones
or the input circuit of a tape recorder,
via socket SK 1 . Blocking capacitor C4
is included to prevent the DC level at
the output of IC1 b from reaching the
load.

Construction
As the circuit is so simple, it was
decided to build it on Veroboard; the
usual precautions concerning layout,
track cuts and solder bridges apply!
Pay particular attention to the correct
orientation of the electrolytic
capacitors and the IC.

When the board is assembled, at-
tach flying leads about 9" long to
each of the off -board connection
points. Next comes the mechanical
assembly.

Mark out and drill the mounting
holes as shown in Figure 4. These are
easily made - but the slot for the
slide -switch will cause greater pro-
blems! Carefully drill 1/4" holes at each

Hobby Electronics, December 1982 81



Project

66

DISC

40

10 mm
dia
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34

12

I ID

22-
165
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25
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dia

10mm
dia

BASE

0

LID

Figure 4. The mechanical details.

75

50

15mm THICK
WOOD DISC

63

0

0

3

end of the slot, then file it to shape. A
small flat file will be useful for
finishing the task. Although the box
cut-out for the microphone is shown
as a square, this can be drilled out to
3/8" clearance, the size of the
microphone insert.

Lastly, the wooden disc which
holds the mic insert, and to which the
length of 21/2" pipe attaches, must be
cut out; the dimensions are shown in
Figure 4. Preferably, the disc should
be cut from a solid piece of wood; the
pipe is held by screws into the sides
of the disc, and chipboard has a ten-
dancy to fall apart if used in this
fashion.

After the parts have been made,
the Big Ear can be assembled. Mount
the sockets, poteniometer and
Veroboard; the mic insert should be a
tight fit in the 3/8" hole through the
centre of the wooden disc; glue it if
you must, but the arrangement then
becomes somewhat permanent! The
disc itself is attached to the box by
two small self -tapping screws, and the
pipe can then be screwed onto the
disc with three or four self -tappers.
Finally, the flying leads should be con-
nected as shown in Figure 3; the bat-
tery should be fixed to the base of the
box with a piece of double -sided tape
or Blu Tack, to prevent it rattling
around inside.

At this point, the Big Ear is ready
to use. Switch on and try it. There will
be silence for a couple of seconds,
then it should burst into life.

Why Not Experiment?
Although the final form of the Big Ear
was arrived at after a considerable
period of trial -and -error experiment,
there are several other methods which
could be used to improve the direc-
tional response.

The most effective would be to
replace the omnidirectional mic insert
with a directional type; however,
these do not seem to be readily
available and can probably only be had
by dismantling a cheap directional
electret mic of the type usually sold
with cassette recorders.

The next most important factor
determining the directivity is the aper-
ture of the pipe; decreasing the
diameter will increase the directional
response to high frequencies, at the
expense of less directivity at lower
frequencies. Another trick is to form
many small resonant cavities, rather
than one large one, by filling the pipe
with ordinary plastic drinking straws;
the overall response can be 'tuned' by
cutting the straws to different lengths.
The directional response can also be
improved by isolating the mic insert
from the case and pipe, as some of
the sound from the sides and rear will
otherwise be conducted through the
solid material to the microphone.

Finally, there are alternatives to
the resonant tube system; one method
worth trying is to use a parabolic or
dish reflector; a simple plastic bowl
would be adequate!
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L The firm for Speakers

Bigger and Better for 1982
the colourful Wilmslow Audio brochure
-the definitive loudspeaker catalogue!

Everything for the speaker constructor - kits, drive units,
components for HiFi and PA.
50 DIY HiFi speaker designs including the exciting new
dB Total Concept speaker kits, the Kef Constructor range,
Wharfedale Speakercraft, etc.
Flatpack cabinet kits for Kef, Wharfedale and many others.

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

* Choose your DIY HiFi Speakers in the comfort of our *
two listening lounges

(Customer operated demonstration facilities)
* Ample parking *

Send £1.50 for catalogue
(cheque, M.O. or stamps - or phone with your credit card number,)

* Access - Visa - American Express accepted *
also HiFi Markets Budget Card.

WILMSLOW
CUM

L The firm for Speakers

35/39 Church Street, Wilmslow, Cheshire SK9 1AS

2L6
0625 529599

Lightning service on telephoned credit card orders!

TECHNICAL TRAINING
IN ELECTRONICS,
TELEVISION AND AUDIO
IN YOUR OWN HOME - AT YOUR PACE
ICS can provide the technical knowledge that is so dssential
to your success, knowledge that will enable you to take advant-
age of the many opportunities open to the trained man. You
study in your own home, in your own time and at your own
pace and if you are studying for an examination ICS guarantee
coaching until you are successful

City & Guilds Certificates
Radio Amateurs
Basic Electronic Engineering (Joint C&G/ICS)

Certificate Courses
TV and Audio Servicing
Radio & Amplfier Construction
Electronic Engineering* and Maintenance
Computer Engineering* and Programming
Microprocessor Engineering*
TV, Radio and Audio Engineering
Electrical Engineering,* Installation
and Contracting *Qualify for IET Associate Membership

CACC Approved by CACC Member of ABCC

POST OR PHONE TODAY FOR FREE BOOKLET
Please send me your FREE School of Electronics Prospectus.

Subject of Interest

Name

Address

I ICS
Dept B262
ICS School of Electronics
160 Stewarts Road,
London SW8 4UJ ...... Hours)

.-1111-11. IIII Ell IIII MI NM

Post to

O

CP01-622 9911 I

A HANDBOOK OF
DIANETIC PROCEDURE

L. RON HUBBARD

5 MILLION
BESTSELLER

How to keep your
self-respect...

Dianetics:. the bright new science of the mind
you can use. Understand how to think clearly and
learn the techniques to really help people.
Dianetics gives you the confidence of real
solutions, not just interesting information.

CS In Dianetics awareness is. increased - without
the use of drugs, hypnosis or any, physical
method- to the point at which the person can
become aware of the source of his problems.gg

Encyclopaedia of Alternative Medicine and Self -Help

£2.95 from leading bookshops or for further
information from Dianetics, St. Mary's College,
Rottingdean, Brighton BN2 7FS FREEPOST36

DESOLDERING TOOL Make life easy with this superb anodised high suction desoldering tool.
Essential for desoldering multi hyphen lead e.g. transistors IC's. Especially handy for the
experimenter and service engineer. Eliminating damage to PCB's and components. E4.46
VAT Spare teflon nose 85p + VAT.
JAPANESE TRANSISTORS Equivalents available for most types. Please call, phone

write.
LOW COST VERSATILE MULTIMETER.
THE MIGHTY MINI MULTI -TESTER. Ideal for beginner and service engineer
(fits into shirt pocket) DC and AC voltage ranges: 10V, 50V, 250V, 1000V. DC
current range 100mA. Resistance: two ranges 0-1M OHMS (60 OHMS CENTRE
SCALE). DECIBELS - 10 to 22 DB mirror arc scale. Overload protection.
complete with battery leads and instructions. E6.66 + VAT.
ORDER FORM (ORDERS ON PLAIN PAPER ACCEPTED)
Name
Address

. Desoldering tools at E4.46 =E

Or

Postage, packing and insurance at 60p per one device, 25p for each additional device.
Sub total

Add 15% VAT
I enclose cheque no/P.O. no
Alternatively please credit my VISA/ACCESS/AMERICAN EXPRESS No.
Signature
This offer applies to UK only. Please allow 7-10 days delivery. Overseas customers please do not add
VAT but allow to cover postage. TRADE ENQUIRIES WELCOME.

CRICKLEWOOD ELECTRONICS LTD.
40 Cricklewood Broadway, London NW2 3ET. Tel: 01-452 0161

Electronic kits for the thrifty!
Build 50 Interesting Projects 011 a PC Chassis with surplus components from your 'Spares Box.

EXPERIMENTERS'S PRINTED CIRCUIT KIT
Contents: 4 assorted boards to suit the enclosed designs. Etching Powder, Resist Paint, Solvent,
Degreaser and Etching Instructions: also 50 Circuit diagrams, Chassis Plans and Layouts for simple
Crystal Sets, Transistor Radios, Transmitters, Amplifiers, Intercoms, Radio Control, Metal Detector,
Photoelectric and Ultrasonic Alarms, 'Perpetual Motion', Light Beam Telephone Instruments,
Testers, Gadgets, etc. You can build at negligible cost with 'Surplus' or reclaimed parts and tran-
sistors you already have. Price: £2.50. Postage and Packing 50p

PHOTOELECTRIC KIT
A kit of basic parts to build a simple Infra -Red Sensitive Photoelectric Switch. Contents: Phototran-
sistor, Transistors, Diode, Resistors, Connector, Latching Relay, Chassis Board, Case, Screws and
Instructions.

Price: £4.50. Postage and Packing 50p

OPTICAL KIT
A kit of parts to build an IR folden-beam Projector and Receiver to suit the above kit. Contents: 2
Lenses, 2 Mirrors. 2-45. blocks, Infra -Red Filter, Larnpholder, Building Plans.

Price: £3.70. Postage and Packing 30p
Both kits together make an excellent Invisible -Beam Burglar Alarm.

EXPERIMENTAL ELECTRONICS
335 Battersea Park Road, London SW11 4SL

Tel: 01-720 2683
Send SAE for full details of all kits and circuits
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Send for my CATALOGUE ONLY 75p
(plus 25p post/packing)

My VAT and post/packing inclusive prices are the
lowest. All below normal trade price - some at only

one tenth of manufacturers quantity trade.

See my prices on the following:

CAPACITORS . . . ELECTROLYTIC; CAN, WIRE END, TANTALUM, MULTIPLE,

COMPUTER GRADE, NON POLAR, PAPER BLOCK, CAN, POLY, MICA, CERAMIC.

LOW AND HIGH VOLTAGE, RESISTORS. 118th WATT TO 100 WATT; 0.1% TO

10% CARBON, METAL AND WIRE WOUND + NETWORKS. FANS, BATTERIES,

SOLENOIDS, TAPE SPOOLS, VARIABLE CAPACITORS AND RESISTORS,

TRIMMERS, PRESETS, POTS . . . SINGLE, DUAL SWITCHED, CARBON,

CERMET AND WIREWOUND, SINGLE OR MULTITURN, ROTORY AND SLIDE.

DIODES, RECTIFIERS, BRIDGES, CHARGERS, STYLI!, SOCKETS, PLUGS,

RELAYS, TRANSISTORS, IC'S, CLIPS, CRYSTALS, ZENERS, TRIACS,

THYRISTORS, BOXES, PANELS, DISPLAYS, LED'S, COUPLERS, ISOLATORS,

NEDNS, OPTO'S, LEADS, CONNECTORS, VALVES, BOOKS, MAGAZINES,

TERMINALS, CHOKES, TRANSFORMERS, TIMERS, SWITCHES, COUNTERS,

LAMPS, INDICATORS, BELLS, SIRENS, HOLDERS, POWER SUPPLIES, HARD-

WARE, MODULES, FUSES, CARRIERS, CIRCUIT BREAKERS, KNOBS,

THERMISTORS, VDR'S, INSULATORS, CASSETTES, METERS, SOLDER,

HANDLES, LOCKS, INDUCTORS, WIRE, UNITS, MOTORS, COILS, CORES,

CARTRIDGES, SPEAKERS, EARPHONES, SUPPRESORS, MIKES, HEATSINKS,

TAPE, BOARDS and others.

Prices you would not believe before inflation!

BRIAN J. REED
TRADE COMPONENTS

ESTABLISHED 25 YEARS
161 St. Johns Hill, Battersea, London SW11 1TQ

Open 11 am till 7 pm Tues. to Sat. Telephone: 01-223 5016

TYPE 161B

DUAL POWER SUPPLY KIT
INCORPORATES A POSITIVE & A NEGATIVE REGULATED SUPPLY

BOTH ARE ISOLATED Et ADJUSTABLE 1.3V TO 16V D.C.
Interconnect to give 2.6V to 32V or
-1.3V/0/ +1.3V to -16V/0/ +16V

Output current 1A at 16V to 0.35A at 1.3V
Ripple is less than 1 mV

£25.99
inc.P & P and VAT

Built & Tested
£37.95 inc. P&P and VAT

Comprehensive design
details with calculations
are included so that the kit is an excercise in power supply design. The
kit, which uses quality components, is complete with instructions. Case
punched and stove enamelled in attractive blue and grey with a printed
front panel to give a professional finish.
Excellent for the beginner, the experienced amateur and as a tutorial for
schools and colleges.

SEND CHEQUE OR P.O. ALLOW 21 DAYS FOR DELIVERY

BRANIME MARKETING LTD DEPT. E
BALTHANE IND. EST., BALLASALLA, ISLE OF MAN

84

LB ELECTRONICS
Brand New 4k" square mains fans, 115 volts AC
£4.50 p/p 75p.
Brand new 31" square mains fans, 220 volts AC
£9.50 p/p 75p.
DC Power leads complete with power plug 3.5mm
to fit your calculators, micros etc £1 for 10 p/p
25p.

REJECT RED FLASHING LED (some flash,
some don't, some stay on permanently). Pack of
25 £1, 10 packs for £9 p/p free.
PCB Amplifier containing LM380 (or equivalent) 9
volt rail 1 watt output, brand new £1 each p/p
35p.

PCB TA 61" x 9" Approx Alpha mumeric touch
keyboard, ASCII, with Data £7.95 p/p 65p.

EPROMS 1702A £5.00p. 2708 £2.50p. 2516
(450 NS), 5 Volts used once, erased and
guaranteed by us £1.95p. 10 for £17.00p. 2732
£5.00, 2532 £6.00p.

RAM 2114L £1.25p (450NS), 4116 (200NS)
£1.00p, 2114 (200NS) £1.35p p/p 35p.

CPU 8080 £2.50p, 6502 £4.50p, Z80A (4 MHZ)
£4.50p, Z8671 (Basic/Debug) £21.00p.

LB ELECTRONICS
11 Hercies Road
Hillingdon
Middlesex
Tel. 0895 55399

.AMIAK AND

11"1111

Contains
all you need
to solder/de-solder
any electronics project:
LITESOLD LC18H 240v high performance iron, made to professional
standards in our own works, fitted with 3.2mm bit. 2 alternative bits, 1.6
and 2.4mm. Reel of 3 metres 18 swg flux -cored solder. Stainless steel
tweezer. 3 soldering aids. Reel of 1.5 metres de -soldering braid. Packed
in clear PVC presentation/storage wallet. Superb present - ideal for
beginner or expert.
SPECIAL PRICE - £13.95 inc. VAT & P. P.
(normal resale value £17.49 inc.) IRON only- £5.66 inc. (normally £6.92).
Spares, accessories and after -sales service available from us.
16 -page colour catalogue - 60p. Send cheque/P.O. to LITESOLD or
ring for Access/ 1111111400
Basales.rclaycard

LIGHT SOLDERING DEVELLOOPMENTS LTD.

Spencer Place, 97/99 Gloucester Road, Croydon CR0 2DN, Surrey. Tel: 01-689 0574.
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HE PCB SE RV C E apd8fe Bnieard,

PRINTED CIRCUIT BOARDS (PCBs) for HE projects have often represented an
FID

obstacle for our readers. Some of you, no doubt, make your own
but our PCB Service saves you the trouble.
NOW you can buy your PCBs direct from HE. All (non -copyright) PCBs will be available
automatically from the HE PCB Service. Each board is produced from the same master as
that used for the published design and so each will be a true copy, finished to a high stan-
dard.
Apart from the PCBs for this month's projects, we are making available some of the
popular designs from earlier issues. See below for details. Please note that only boards for
projects listed below are available: if it isn't listed we can't supply it.

October 80 August 81 Telephone Timer
Nobell Doorbell £2.64 RPM Meter £1.77 (Set of Two) £7.39
Intruder Alarm
Tug 0' War

£2.51
£2.65

Thermometer

September 81

£1.67 July 82
Tanover £2.31

November 80 Power Pack £1.69 TVI Filter £2.17
Memory Bank Synth: Reaction Tester Game £1.71 Computer PSU £8.72

Mainboard PCB £3.31 'Diana' Metal Detector £3.31 Solar Radio £2.15
Keyboard PCB

Party Grenade (set of three)
Double Dice

£3.60
£3.47
£2.95

October 81
Combination Lock £2.65

August 82
Digital M ill ivoltmeter

December 80
Stereo Power Meter £2.83

November 81
Sound Torch (Set of Two) £5.31

(Set of Two)
Audio Analyser

£4.82

January 81
Car Rev Counter

February 81

£2.99
December 81
Pedalboard Organ
January 82
Intelligent NiCad Charger

£5.97

£3.04

(Set of Two)
September 82
Signal lights

£12.30

Heartbeat Monitor £2.53 February 82 Main Module £2.34
Audio Signal Generator £2.47 Relay Driver £2.20 Junction Module £2.27
March 81 Mast -Head Amp £1.31 ZX PCB £3.75
Steam Loco Whistle £2.65 March 82 Slot Car Controller £1.99

April 81
Super Siren
Russian Roulette Game

£1.97
£1.60

Digital Dice
April 82
Digital Capacitance Meter
Dual Engine Driver

£1.95

£4.73
£3.37

October 82
Flash Point Alarm
Negative Voltage Generator

£2.31
£1.57

May 81 Bike Alarm £2.64 Squelch Unit £2.77
Voice Operated Switch
Organ 1

£1.67
£4.64 May 82

Digital Thermometer
November 82
Pedometer/Odometer £2.31

June 81 (Set of Two) £5.31 December 82
Envelope Generator £1.87 Echo-Reverb £5.81 Phase Four £3.18
Organ 2 £2.53 Cable Tracker £2.21 Microlog £4.28
July 81 June 82 Tape/SI ide £5.48
Organ 3 £6.00 Power Supply Design £2.64 (two boards)
Organ 4 £6.00 Auto-Wah £3.58 TV Amp £5.99
Ultrasound Burglar Alarm £2.53 Auto Greenhouse Sprinkler £3.88 Lofty £2.87

PLACE an order for your PCBs using the form below (or a piece of plain paper if you prefer not to
cut the magazine), then simply wait for your PCBs to drop through your letterbox, protected by
a Jiffy bag.

HE PCB Service, Argus Specialist Publications Ltd, 145 Charing Cross Road, London WC2H OEE
I enclose a cheque/Postal Order made payable to ASP Ltd,
for the amount shown below Price. Boards Required Price
OR

I wish to pay by Barclaycard. Please charge my account number

VISA
OR

I wish to pay by Access. Please charge to my account number

SIGNATURE

NAME
(BLOCK CAPITALS)

ADDRESS
(BLOCK CAPITALS)

Please allow 21 days for delivery

Add 45p p&p

Total Enclosed £

0.45

I
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Left: Both PCB patterns for the Tape/
Slide Synchroniser; top, the Recording
board; bottom, the Playback board.
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PCBs

Right: The HE Phase Four PCB

The Stereo Noise Gate
PCB pattern (right).
Note that there are
only two mounting
holes.

Left: The PCB foil pattern
for the Low Cost Alarm.
The three large holes are
for mounting bolts.

HE Microlog PCB

To+ ilisiLATti

1WT:14'11:

HE MICROLOG
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Serums
8 Tufnell Gdns.,

Mackworth,
Derby DE3 4DY

MAKE YOUR OWN CIRCUIT BOARDS
SPEC

VU
I- .4.

CIRCUIT MAKER P Et
r-Ftl?

Offer for limited period only p.

 Reproduces direct from magazine circuits, etc.
 Complete kit including film, exposing lamp,

D/S fibreglass boards, printing/assembly
frame, etc.

 No darkroom or photographic experience
needed

 Full after sales service and consultancy
Send loose stamp for free brochure

with the

r

XMAS ELECTRONICS SALE
(Deduct 15% discount on orders of C15 and over)

MODERN DYNAMIC MOVING COIL MICROPHONES 200 ohms impedance. With switch. Fit
ted with lead and DIN plug. Used but in nice condition. Only E2 each p.p 50p. MICROPHONE
HEADPHONE EXTENSION LEADS Curly 4 core unscreened leads. High quality. Over 1 metre in
length. 35p each p.p 15p. 4 for (1.25 post free. AIRLITE HEADSETS with Boom Mike. Cost over
E40 per pair. Our price C4.50 per pair p p. El 2 pairs for E9 post free. Less boom mike (4 per pair
p.p. EL 2 pairs E9 post free. AMPLIVOX HEADSETS WITH BOOM MIKE (4.50 per pair postage
El. 2 pairs for (9 post free. Less boom mike E4 per pair, p.p. Cl. 2 pairs for E8 post free. Impedance
of above headphones 600 ohms. All headphones fitted with exMinistry plug. Standard new jack
plugs available at 25p each. 2 for 40p. Headphone extension sockets only 25p each. 2 for 40p. GE-
NUINE AFV TANK HEADSETS and MIKE E3.50, p.p. E1. 2 pairs for E7 post free. HAVE YOU
SEEN THE GREEN CAT? 1000s of new components, radio, electronic, audio at unbelievably low
prices. Send 50p and receive catalogue and FREE RECORD SPEED INDICATOR. Try a JUMBO
PACK. Contains transistors, resistors, caps, pots, switches, radio and electronic items. Over E50
worth for Ell, carriage E2.50. MINI JUMBO PACK 1E20 worth) (5, p.p. 1.50. BRIDGE REC.
TIFIFRS (Phillips) 400 PIV at 4 ampls. Well made. Should be over E2 each. Our price 90p, p.p. 20p.
SEMICONDUCTOR SALE ITT BC183 transistors. 10 for 30p or 4p each. IT!" IN4002 diodes 3p
each. 10 for 25p. OPTRON TYPE OP160 INFRA RED DIODES High output power. Matched to
the OP500 and OP500SL series photo transistors. Our price 40p. 3 for Et.
RIDICULOUS RESISTOR SALE. 1 watt carbon film resistors. 5% tolerance. High quality resistors
made under exacting conditions by automatic machines. Ell range IRO to 10M0. In lots of 1000 125
per value). Only E8 per 1000. Lots of 5000 for E35.
GENUINE EX GOVT COLLAPSIBLE AERIALS. A fully adjustable highly efficient whip venal in 5
sections. Length open 1,- metres. Closed 300mrn. Copper plated sections. As used on Ex. Govt
Manpacks. Brand new in makers boxes. £2.50 each, P.O 75p. 2 for E5 post free.

Please add 15% VAT to all orders including post pecking and carriage.

MYERS ELECTRONICS
(HE), 12/14 Harper Street, Leeds LS2 TEA. Leeds 452045

New retail premises at above address (opposite Corals). Callers welcome 9 to 5 Mon. to Sat. (Lunch
2.15 to 3.15pm) Sunday open 10 to 3pm.

CNC 10 PCB HOLDER
Ideal for small scale production, testing, research, service engineers, education and
the home constructor.

. The CNC 10 has a board capacity of 8" x 8" and longer boards (maximum 8" wide)
may be accommodated since they can project beyond the ends of the rails,
Adjustment of the board rails is extremely simple and they are locked in the desired
position by one central locking clamp. A further clamp enables the PCB, when in
position, to be rotated through 360 degrees
and locked in the required position.
An optional foam pad is available which
enables a number of components to be
inserted prior to soldering. Pad size 8" x

CNC 10: £16.10 INC. VAT
FOAM PAD Et CLIP:
£5.64 INC. VAT
Please add £1.50 to cover postage.
Available direct from the manufacturer:

4,t

CARLTON NICHOL Et CO. LTD.,
GOLDKEY INDUSTRIAL ESTATE,

KELVEDON, COLCHESTER, ESSEX

ELECTRONICS EMPORIUM
Easily reached from Leeds, Manchester, Yorks

and Lancs
Open 8.30 to 5.30; Saturday 9 to 1

Vast range of bargains in stock includes Diodes,
Heat Sinks, Thyristors, Bridge Rectifiers,
Resistors, Capacitors, Terminals, Connectors,
Relays, Switches, Wire and Cable, PCBs,
Transformers, Measuring Instruments, Nibbler
and other Hand Tools. Also ex-M.O.D. Surplus

Test and other Equipment.
Some items by mail order - lists available.

A.C. TOWNLEY LIMITED
Harehill, Todmorden, Lancs OL14 5JY

MASTER ELECTRONICS NOW!
The PRACTICAL way!

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

You learn the practical way in easy
steps mastering all the essentials of
your hobby or to start or further a
career in electronics or as a self-
employed servicing engineer.

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

NewJob? NewCareer?NewHobby?Getenr into Electronics Now!

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

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

electronic circuits used in modern
equipment

Build and use digital electronic circuits
and current solid state 'chips'

 Learn how to test and service every type
of electronic device used in industry and
commerce today. Servicing of radio, T.V.,
Hi-Fi and microprocessor/computer

II Please send your brochure without any obligation to
NAME

COLOUR BROCHURE

I

I

ADDRESS

BLOCK CAPS PLEASE

BilisliNationalliadio8cElectronics School Reading, Berks. RG 1 7BR
L.

I am interested in:

f I COURSE IN ELECTRONICS
as described above
RA DI 0 AMATE UR LICENCE
MICROPROCESSORS

LOGIC COURSE

HE

OTHER SUBJECTS

map

12 821 I

I

I

I

I
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ADVERTISEMENT
RATES Semi -Display (min 2 cms)
1-3 insertions £7.50 per cm
4-11 insertions £7.00 per cm
12 + insertions £6.50 per cm
Lineage 26p per word (min 15 words)
Box Nos. £2.50
Closing date 2nd Friday of the month
preceding publication date.
All advertisements in this section must he prepaid
Advertisements are accepted subject to the terms and
conditions printed on the advertisement rate card !available
on request)

HOBBY ELECTRONICS CLASSIFIED
ADVERTISING, 145, CHARING CROSS RD,
LONDON WC2H OEE.

AERIAL AMPLIFIERS Improve weak
television reception. Price £6.70. S.A.E. for
leaflets. Electronic Mailorder, Ramsbottom,
Lancashire BLO 9AGH.

ELECTRONICS component shop in MAID-
STONE, KENTI Thyronics Control Systems,
8 Sandling Road, Maidstone, Kent.
Maidstone 675354.

1Our Big Bargain Box contains over a thousand
components - resistors, capacitors, pots, switches,
diodes, transistors, panels, bits and pieces, odds and
ends. All useful stuff - would cost many times the
price we are asking if bought separately. Approx.

weight 41bs.

ONLY £5.00 inc post - you're bound to
come back for another!!!

BIG BARGAIN BOX

ESP 147F FOUNDRY LANE, SOUTHAMPTON, 5013LS
Lots of surplus bargains on our latest list - send an

SAE for your copy now.

7LBS ASSORTED Components £5. 10Ibs
£6.50. 300, small components, transistors,
diodes £2.20. Forty assorted 74 series ICs on
Panel(s) £2.20. P.C.B.'s s/sided copper 11"
x 8" 90p. 16" x 11" £1.70. Fibre glass 11"
x 8" £1.50. 16" x 8" £2.90. Post paid. List
25p refundable. J.W.B. Radio, 2, Barnfield
Crescent, Sale, Cheshire M33 1 NL.

DIGITAL WATCH REPLACEMENT parts.
Batteries, displays, backlights etc. Also
reports, publications, charts. S.A.E. for full
list. Profords, Copnersdrive, Holmergreen,
Bucks HP156SGE.

REMOTE telephone bell kit, switches on
your siren, buzzer bell, lamp etc when the
phone rings. Battery operated micropower
circuit draws negligible current from phone
line. Complete kit including case and PCB
only £9.95. Dept HE5, Unitech (Midlands),
Freepost, Sutton Coldfield, West Midlands
B74 2BR. (Not British Telecom Approved).

WANTED Automatic reset timer preferably
9v supply, timer to run for 30 secs and then
re -set itself. Cash by return post. Tel. 550-
8902

20 SIMPLE Electronic projects for your ZX81
by Stephen Adams, £6.95 including p&p.
Come and browse or send SAE for list.
Watford Technical Books, 105 St Albans
Road, Watford, Herts. Tel. 0923 23324.

SPECTRUM VENTURE. Exciting new game
for the Spectrum. (7 games in 1). In colour,
with sound & fantastic screen effects. 16K Et
48K version supplied on one cassette for £6.
Bobker, 29 Chadderton Drive, Unsworth,
Bury, Lancs.

TRANSISTORS GP PNP silicon type
MPS6518 5p each. SAE to SM Enterprises,
28 Preston Gardens, Enfield, London.

KIA RETURN AN.AD No 3: . . .Free - 3
Ferranti ZTX107 Transistors!! . . . Post +
SAE. 8. Cunliffe Road, Ilkley.

BUY BULK - SAVE MONEY
All goods new full spec devices, sent by return.

Post ft any qty. No VAT. SAE List
1N4148 £10/k. 154003 £16/k. 1N4007 122/k. BC107 E6/100.
BC108 E6/100. 7805 f27/100. 7905 E27/100. 74L593 68/100.
74LS112 62/100. 74LS132 C2/100.TBA120C 15/100. 2114
60/100 8085A E27/10. 14DIL skt 6/100. 1601Lskt E8/100.
5rnrn Red LED 122/k, E5/100. BC182L E41100. 253904 6/100.

555 03/100. LM380 E40/100

PC ELECTRONICS
2 Thornhill, Romsey Road, Whiteparish, Salisbury. Wilts

SP5 2SD
MAIL ORDER ONLY

SOLAR CELLS 3" dia. 900mA at 0.45V
£7.59. Price lists 75p. Edencombe Ltd., 34
Nathans Road, Wembley, Middx. HAO 3RX

PSUs 5V 1A £10.99. 5V 3A £11.99. 5V 5A
£25.99. Adj 1.2-30V 100mA £14.99. 1.5A
£24.99. 5A £32.99. Edwards Etectrics, Unit
3, Mill Lane, Bridgwater, Somerset.

WANTED Electronic components, boards,
connectors, test equipment, good prices
paid. "Q" Services, 29 Lawford Crescent,
Yateley 871048 Camberley Surrey.

ELECTONIC kits for sale: Electronic Organ
£7, Dice £8.10. SAE for details. Bee Micro,
33 Bevendean Crescent, Brighton, E.
Sussex.

H.E. ORGAN KITS £99.50 inc. p&p. 61 note
keyboards £32.00. 13 note pedal boards
£25.00 inc. p&p. A.T. Hawkins, 23, Blenheim
Road, St. Albans, Herts. AL1 4NS.

500W Dual Channel Flasher Unit in a
mains plug.

Use for parties, Xmas lights, discos, low
budget pop groups.

Variable speeds, fused, no interference
£7.95 cheques/POs to

AIVIK
11 Queensway, Sunbury -on -Thames,

Middlesex TW16 6HA
MAIL ORDER ONLY

SMALL reed switches 10p. Magnets 16p.
Small DC solenoids 35p. Postage 25p.
Grimsby Electronic Components, Lambert
Road, Grimsby, S. Humberside. Hundreds
bargains at shop. SAE list.

SPECIAL OFFERS
All Capacitors & Diodes are packed in 10s.

Price per pack of 10

220uF 25V
220uF 40V
220uF 70V
470uF 10V

90
1.20
1 40
1.00

DIODES 2200pF 50V .20 470uF 16V .86

153470 E022 3000pF 50V .20 ELECTROLYTIC
154001 .25 4700pF 50V .25 CAPACITORS
154148 .15 10n 50V .15 RADIAL
154383 .30 47n 25V .35 4.7uF 50V PC 6.25
155401 1.00 100n 50V .50 4.7uF 100V PC 40

V.REOULATORS ELECTROLYTIC 10uF 25V PC .35

78L05 03.25 ea CAPACITORS 10uF 250V PC .90

7924 .25 ea AXIAL 22uF 100V PC .90

LM723 DIL 30 ea 2.2uF 63V £0.35 33uF 25V PC .30

12V 1W Zeners .06 ea 4.7uF 35V .29 33uF 160V PC .70

POLYSTYRENE 10uF 25V .40 100uF 40V PC .40

CAPACITORS 33uF 100V .60 220uF 10V PC .46

1000pF 160V 6.40 47uF 10V IP) .45 330uF 6.3V .40

CERAMIC DISC 47uF 16V IP/ .45 330uF 10V .60

CAPACITORS 100uF 10V IPI 50 330uF 25V .40

4.7pF 50V 6.25 100uF 16V .60 470uF 10V PC .66

10pF 50V .25 160uF 25V .65 470uF 16V PC .99

120pF 50V .26 220uF 10V .50 2200uF 6.3V 1.00

1000pF 50V .20 220uF 16V .75 PC Short Leads for PCB

All devices brand new & guaranteed. Orders despatched by return of post. Cash/Cheque/Postal
Orders with order. Plea. add 60p p&p. MAIL ORDER ONLY PLEASE

A. M. ELECTRONICS
TRADE/RETAIL SUPPLY OF ELECTRONIC COMPONENTS & EQUIPMENT

5 Wilson Street, Leicester LE2 OBB
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ADVERTISERS INDEX
Aitken Bros 61 ICS 83
Alcon Inst Ltd 77 ILP 54, 55
Ambit 2 LB Elec 84
A. M. Elec 90 Lightning Elec 79

Amtron UK Ltd 73 Litesold 84
Armon Elec 49 Magenta 42
Audio Elec 66 Marco Trading 77
BK Elec 91 Mercia Elec Ltd 78

Bib 4 Myers Elec 88

Bi-Pak 40, 41 New Era Publications 83

BNOS Elec 78 Photo Etc Systems 88
BNRS 88 Pimac 64
Bradley Marshall 50 Rapid 8

Bramine Mktg 84 Relay A Quip 77

Cambridge Learning 66 Brian J Reed 84
Carlton Nichol 88 Riscomp Ltd 17

Centemp 78 Roadrunner 61

Chordgate 78 Silica Shop 92

Cricklewood Elec 24, 83 Sinclair Research 68, 69
Electronize Design 32 Sparkrite 44
Electrovalue 60 Technomatic 36
Experimental 83 Tempus 28, 29
Flight Elec 30 Texas lnst 19

Greenbank 73 TK Elec 49
Greenweld 79 Thumall (Elect Eng 64
Grenson Elec 34 Townley AC 88
Heath 50 Watford Elec 5

Hemmings 64 Wilmslow Audio 83

THERMOCOUPLES for flash point alarm
project available ex -stock £1.00 each inc
p&p. From Candis Electronics, Highdown
Works, Highdown Avenue, Worthing,
Sussex BN13 1PU. Tel. 0903 690750.

r

BURGLAR ALARM EQUIPMENT. Please
visit our 2,000 sq. ft. showrooms or write
or phone for your free catalogue. C.W.A.S.
Ltd. 100 Rooley Avenue, Bradford BD6
1 DB. Telephone 0274-308920.

CENTURION
ALARMS

We manufacture, you save EEE's
Send s.a.e. or phone for our Free list of
professional U.I.Y. Burglar Alarm Equip-
ment and accessories.
Discount up to 20% off list prices,
e.g. Control Equipment from £15.98,
Decoy Bell Boxes from £5.95 inc.

TRADE ENQUIRIES WELCOME

0484-21000
or 0484 35527 (24 hr. ans.l
CENTURION ALARMS (HE)

1265 Wakefield Road, Huddersheia
98E, W. Yorkshire'
Access Et Visa

Orders Welcomed

HAVEN Hardware. Spectrum fruit machine
£4.95. UK101/Superboard products still
available. ZX kits: repeat key £3.95. Inverse
video £3.45. SAE for built
prices/beeper/keyboard/software details. 4
Asby Road, Asby, Workington, Cumbria.

PRINTED CIRCUITS. Make your own sim-
ply, cheaply and quickly! Golden Fotolac
'light-sensitive lacquer -_now greatly im-
proved and very much faster. Aerosol
cans with full instructions, £2.25. De-
veloper 35p. Ferric Chloride 55o. Cleat
acetate sheet for master 14p. Copper -clad
fibreglass board, approx. 1mm thick
£1.75 sq. ft. Post/packing 75p. White
House Electronics, Castle Drive, Praa
Sands, Penzance, Cornwall.

STEREOPOWER 120 WATT AMPLIFERS!!
(60 + 60W protected). Case + controls.
D.I.N. sockets. Fibreglass. Boxed + Data.
£10.85. A. Law, 8 Cunliffe Road (Over
Incatile), Ilkley LS29 9DZ.

HOBBY ELECTRONICS
CLASSIFIED ADVERTISEMENT - ORDER FORM

If you have something to sell now's your chance! Don't turn the page - turn to us!
Rates of charge: 26p per word per issue (minimum of 15 words). Box Nos. £2.50
and post to HOBBY ELECTRONICS, CLASSIFIED DEPT., 145 CHARING CROSS ROAD, LONDON WC2

£3.90

£5.20

£6.50

£7.80

£9.10

£10.40

£11.70

£13.00

Please place my advert in HOBBY ELECTRONICS for
I am enclosing my Cheque/Postal Order/International money
Order for (delete as necessary) £ (Made payable to A.S.P. Ltd)

OR Debit my Access/Barclaycard
(Delete as necessary) Aft

We welcome Access

All classified advertisements must be paid for in advance.

issues commencing as soon as possible.
Please use BLOCK CAPITALS and include post codes.

Name (Mr/Mrs/Miss/Ms)
(delete eccoraingiy)

Address

Signature Date

Daytime Tel. No.

mi
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MULLARD SPEAKER KITS
A PURPOSELY DESIGNED 40 WATT R.M.S.
8 OHM SPEAKER SYSTEM RECENTLY
DEVELOPED BY MULLARD'S SPECIALIST
TEAM IN BELGIUM. Kit comprises a Mallard 8"
Woofer with foam surround and aluminium
voice coil.' Mu[lard 3" high power dome
tweeter. B.K.E. built and tested crossover,
based on Mullard circuit combining low loss
components, glass fibre board and recessed
loudspeaker terminals. Recommended cabinet
size 240 x 216 x 445 mm.
A superb sound at a relatively low cost.
Complete With instructions. Price £14.90 +
E1.60 afro per kit.

New 5" 30 watt mini version of above now avail-
able.
Recommended cabinet size 180 x 155 x 295mm

Price E13.90+E1.00 p&p per kit.

STEREO CASSETTE TAPE DECK MODULE.
Comprising of a top panel and tape mechan-
ism coupled to a record/play back printed
board assembly. Supplied as one complete
unit for horizontal installation into cabinet or
console of own choice. These units are brand
new, ready built and tested.
Features: Three digit tape counter. Auto -
stop. Six piano type keys, record, rewind,
fast forward, play, stop and eject. Automatid
record level control. Main inputs plus
secondary inputs for stereo microphones.
Input Sensitivity: 100mV to 2V Input Im-
pedance: 68K. Output level: 400mV to both
left and right hand channels. Output Im-
pedance: 10K. Signal to noise ratio: 45dB.
Wow and flutter: 0.1°c. Power Supply re-
quirements: 18V DC at 300mA. Connections:
The left and right hand stereo inputs and
outputs are via individual screened leads, all
terminated with phono plugs (phono sockets
provided). Dimensions: Top panel 51/2in x
111/4in. Clearance required under top panel
21/4in. Supplied complete with circuit dia-
gram and connecting diagram. Attractive
black and silver finish.
Price £26.70 + £2.50 postage and packing.
Supplementary parts for 18V D.C. power supply
(transformer, bridge rectifier and smoothing
capacitor) £3.50.

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

15" 100 watt R.M.S. Impedance Rohm
59 oz. magnet, 2" -aluminium voice coil.
Resonant Frequency 20Hz. Frequency
Response to 2.5KHz. Sensitivity 97dB.
Price £32" each £3.00 Packing and Car-
nage each.

12" 100 watt R.M.S. Impedance 8 ohm, 50 oz magnet. 2 aluminium voice coil.
Resonant Frequency 25Hz. Frequency Response to 4KHz. Sensitivity 95dB. Price
£23.70 each. £3.00 Packing and Carriage each.

8" 50 watt R.M.S. Impedance 8 ohms, 20 oz. 1 V2" aluminium voice coil, Resonant
Frequency 40Hz, Frequency Response to 6KHz, Sensitivity 92dB. Also available with
black cone fitted with black metal protective grill. Price: White cone £8.90 each. Black
conelgrill £9.50 each. P & P £1.25 each.

PIEZO ELECTRIC TWEETERS -- MOTOROLA
Join the Piezo revolution. The low dynamic mass (no voice coil) of a
Piezo tweeter produces an improved transient response with a lower
distortion level than ordinary dynamic tweeters. As a crossover is not
required these units can be added to existing speaker systems of up
to 100 watts (more if 2 put in series). FREE EXPLANATORY LEAFLETS
SUPPLIED WITH EACH TWEETER.

TYPE TYPE 'B'
'A'

TYPE 'C

TYPE 'E'

TYPE 'D'

TYPE 'F"

TYPE 'A' IKSN2036A) 3" round with protective
wire mesh, ideal for bookshelf 'and medium
sized Hi-fi speakers. Price £3.45 each.

TYPE (KSN1005A) 3'h" super horn. For
general purpose speakers, disco and P.A.
systems etc. Price E4.35 each.

TYPE 'C' IKSN6016A) 2" 5" wide dispersion
horn. For quality Hi-fi systems and quality
discos etc. Price £5.45 each.

TYPE 'D' IKSN1025A) 2" , 6" wide dispersion
horn. Upper frequency response retained
extending down to mid range 12KHz). Suitable
for high quality Hi-fi systems and quality
discos. Price £6.90 each.

TYPE 'E' (KSN1038A) 3% " horn tweeter with
attractive silver finish trim. Suitable for Hi-fi
monitor systems etc. Price E4.35 each.

TYPE 'F' IKSN1057A) Cased version of type
'E'. Free standing satellite tweeter. Perfect
add on tweeter for conventional loudspeaker
systems. Price £10.75 each.
U.K. post free (or SAE ,for Piezo leaflets).

1000 MONO DISCO MIXER
A superb fully built and tested mixer/pre-amp with integral power supply. 4
Inputs 2 turntables (ceramic cartridge). Aux. for tape deck etc., plus Mic. with
override switch, all with individual level controls. Two sets of active tone controls
(bass and treble) for Mic. and main inputs. Master volume control. Monitor output
with select switch and volune control.
Outputs Main 750 mV Monitor 500 mW into 8 ohms. Supply 220/240V AC50 /60Hz
Size 224" x 44" x 24" price f39.99 + E2.50 P&P

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

134%"x "x2%

 Easy snap in fixing thrOugh
panel/cabinet cut out

 Insulated plastic case
 tFrullcwave control using tamp

 Conforms to BS800
 Suitable for both resistance

and inductive loads
Innumerable applications in
industry, the home, and discos/
theatres etc.

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

BSR P256 TURNTABLE
P256 turntable chassis  S shaped tone arm
 Bert driven  Aluminium platter 
Precision calibrated counter balance  Anti -
skate (bias device),  Damped cueing lever
 240 volt AC operation (Hzl  Cut-out
template supplied  Completely manual arm.
This deck has a completely manual arm and is
designed primarily for disco and studio use
where all the advantages of a manual arm are

required.
Price, £28.50 £2.50 P&P

dVI) POWER AMPLIFIER MODULES

BK ELECTRONICS'
Prompt Deliveries

VAT inclusive

prices

Audio Equipment

Test Equipment

by

Thandar

and

Leader

KEYBOARDS
11111.11181111111111111111111111116111111011Wel * f it,

MEMBRANE KEYBOARDS r
manufactured from a tough poly- -

carbonate film mounted on 1 mm

glass fibre printed circuit board
assembly incorporating silver plated
contacts.
16 way numeric keyboard
Standard keyboard providing 0-9
and A -F functions.
Size: 100mm x 100mm x 2mm Price: E5.99+ 35p pap
Alpha Numeric Keyboard Full
size 55 key non encoded keyboard
with the commonly required
functions in a Owerty array. Matrix
output via a 16 pin OIL socket.

Size: 350mm x 100mm x 2mm Price: £13.99+50p p&p

100 WATT R.M.S. AND 300 WATT R.M.S.
MODULES
Power Amplifier Modules with integral toroidal
transformer power supply, and heat sink. Supplied
as one complete built and tested unit. Can be fitted
in minutes. An LED Vu meter is available as an
optional extra.
SPECIFICATION:
Max Output Power: 110 watts R.M.S. (OMP 100)

310 watts R.M.S. IOMP 300)
Loads: Open and short circuit proof. 4-16 ohms.
Frequency Response: 20Hz - 25KHz ±3dB.
Sensitivity for Mae. Output:
500reV at 10K (OMP 100) 1V at 10K IOMP 3001
T.H.D.: Less than 0.1%
Supply: 240V 50Hz
Sizes: OMP 100 360 x 115 x 72mm

OMP 300 460 x 153 -it 66mm
Prices: OMP 100 E31.50 each + £2.00 P&P

OMP 300 E89.00 each + E3.00 P&P
Vu Meter E6.50 each + 50p P&P

Matching 3 -way loudspeakers
and crossover
Build a quality 60watt RMS system 8ohms

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

* 10" Woofer 35Hz-4.5KHz
* 3" Tweeter 2.5KHz-19KHz
* 5" Mid Range 600Hz-8KHz
* 3 -way crossover 6dB/oct 1.3 and 6KHz

Recommended Cab -size 26" x 13" x 13"
Fitted with attractive cast aluminium fixing es
cutcheons arid mesh protective grills which are
removable enabling a unique choice of cabinet
styling. Can be mounted directly on to baffle
with or without conventional speaker fabrics.
All three units have aluminium centre domes
and rolled foam surround. Crossover com-
bines spring -loaded loudspeaker terminals and
recessed mounting panel
Price E22.00 per kit + £2.50 postage and pack-
ing. Available separately, prices on request

12" 80 watt R.M.S. loudspeaker.
A superb general purpose twin cone loud-
speaker. 50 oz. magnet. 2 aluminium
voice coil. Rolled surround. Resonant fre-
quency 25Hz. Frequency response to
13KHz. Sensitivity 95dB. Impedance 8ohm.
Attractive blue cone with aluminium
centre dome.
Price £17.99 each + £3.00 P&P.

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

* SAE for current lists. * Official orders welcome. * All prices include VAT. * Mail order only. * All items packed (where
applicable) in special energy absorbing PU foam. Callers welcome by prior appointment, please phone 0702-527572.
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100 FREE PROGRAMS
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7:1ATARI PRICES REDUCED!
We at Silica Shop are pleased to announce some
fantastic reductions in the prices of the Atari 400/800
personal computers. We believe that the Atari at its
new price will become the U.K.'s most popular per-
sonal computer and have therefore set up the Silica
Atari Users Club. This club already has a library of
over 500 programs and with your purchase of a 400
or 800 computer we will give you the first 100 free of
charge. There are also over 350 professionally writ-
ten games and utility programs, some are listed
below. Complete the reply coupon and we'll send
you full details. Alternatively give us a ring on 01-301
1111 or 01-309 1111.

ivT1136IK 400 £199

wARI3R2I1(400 £248
ATARI 800 £449

Lwith 16K A

r 400/800 SOFTWARE & PERIPHERALS
Don't buy a T.V. game! Buy an Atari 400 personal computer and a game cartridge and that's all you'll need. Later on you can buy the Basic
Programming cartridge (C35) and try your hand at programming using the easy to learn BASIC language. Or if you are interested in business
applications, you can buy the Atari 800 + Disk Drive + Printer together with a selection of business packages.
Silica Shop have put together a full catalogue and price list giving details of all the peripherals as well as the extensive range of softwarethat is now
available for the Atari 400 800. The Atari is now one of the best supported personal computers. Send NOW for Silica Shop's catalogue and pricelist
as well as details on our users club.
THE FOLLOWING IS JUST A SMALL SELECTION FROM THE RANGE OF ITEMS AVAILABLE:
ACCESSORIES
Cables
Cassettes
Diskettes
Joysticks
Le Stick Joystick
Misc Supplies
Paddles

AUTOMATED Invoicing
SIMULATION§ Librarian
Crush Crumble Cmp Mort & Loan Anal
Datestones of Ryn Nominal Ledger

ADVENTURE INT Dragons Eye Payroll
Scott Adams Ads Invasion Orion Personal Full Mgmt
No 1 Adventurelnd Rescue at Rigel Purchase Ledger
No 2 Pirate Adv Ricochet Sales Ledger
No 3 Mission Imp Star Warrior Statistics 1
No 4 Voodoo Cast Temple of Apshai Stock Control
No 5 The Count Upper Reaches Aps Telelink 1

No 6 Strange Ody Visicalb
No 7 Mystery Fun BOOKS Weekly Planner
No 8 Pyramid of D Basic Ref Manual Word Processor
No 9 Ghost Town Compute Atari DOS
No 10 Say Island I Compute Bk Atari CR YSTALWARE
No 11 Say Island 2 Compute Magazine Beneath The Py ram
No 12 Golden Voy De Re Atari Fantasyland 2041
Angle Worms DOS Utilities List Galactic Quest
Deflections DOS? Manual House Of Usher
Galactic Empire Misc Atari Books Sands Of Mars
Galactic Trader Op System Listing Waterloo

LLunar Lander Wiley Manual World War III

Mountain Shoot 131,J$LH§§,§
Rearguard Calculator

PYNACOMP
Alpha Fighter Metric & Prob Solvg StatesSc & Capitals Centurion

Castle Sleazy Adventure
Mission Asteroid

PROGRAMMINGMathsTac-Toe

Star Fine Database Managemt Chompelo TMhouressIthaotlIdeck

AIDS Isom Aierk
MusicMuu Tmvpm.,No.,r. Touch Typing Checker King

Solitaire
Assembler Editor

Sunday Golf Decisidn Maker CrystalsChinese Puzzle Space Chan
Dsemblnr (APX)

Graph It Forest Fire Musical Compute/ EMI SOFTWARE Codecracker
stace,..TPreakh...

Ulysses/Golden Ft Microsoft Basic
Intruder Alert Wizard & Princess. Pascal IAPX)My First Alphabet

Darts Dog

Heritage Comedy Diskette Tact Trek
Monarch Number Blast
Moonprobe Polycalc

Cribbege/Dorninces Dice Poker Ter
Dog Daze Wizards Gold

Terry Pilot (Consumer)
PERIPHERALS Pilot (Educator)

Moving Maze Presidents Of U.S. European Scene Jig Domination Wizards Revenge Centronics Printers Programming Kit
Nonnnoes Jigsaw Quiz Master Hickory Dickory Downhill Disk Drive
Rings of The Emp Starware Humpty Dumpty Eastern Front ENTERTAINMENT Epsom Printers SANTA CRUZ
Space Tilt Stereo 3D Graphics Jumbo Jet Lander Galahad & Holy Grl from ATARI Program Recorder Basics of Animation
SpaceThree R Math Sys Snooker & Billiards Graphics/Sound Asteroids RS232 Interface Bobs Business
StudTrapPoker Video Math Flash Submarine Commdr Ja4-0 Basketball Thermal Printer Display Lists
Triple Blockade Wordmaker Super Cubes & Tilt Jukebox Blackjack 16K Memory RAM Graphics Machine

Tournament Pool Lookehead Centipede 32K Memory RAM Kids 1 & 2
EDUCATION EDUCATION Memory Match Chess Horizontal Scrolling
from__LAID.S from ATARI Entertainment Kit P F_EA,VaNALIeLT Master Memory Map

Cony French from
ENTERTAINMENT Midas Touch

Minotaur Missile Command fromAlgicalc Mini Word Processor
Atlas of Canada Cony German Alien Egg Outlaw/Howitzer Pm Man Adv Music System Page Flipping
Cubbyholes Conn Italian Preschool Games Space Invaders Banner Generator Player Missile Gr

F rogmaster

Anthill

AAvTlan:che
Pro Bowling Star RaidersElementary Biology Cony Spanish Blackjack Tutor Player Piano

Energy Czar Pushover Super Breakout Going To The Dogs Sounds
Hickory Dickory European C & Caps Babel Rabbotz Video Easel Keyboard Organ Vertical Scrolling
Inst Corriptg Dem Hangman Blackjack Casino Reverse II Morse Code

Personal TtoFitnessurLemonade Invit To Prop 1/2/3 Block Buster Salmon Run ON LINE SYSTEMSPeg SILICA CLUB
Letterman Kingdom Block 'Em 747 Landing Simul Crossfire Player Piano Over 500 Programs
Meuware Music Composer Bumper Pool Seven Card Stud Frogger Sketchpad tmkorftjaisg .....4

FOR FREE BROCHURES -TEL: 01-301 1111
PIP
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SILICA SHOP LIMITED
Dept HEii 082, 1-4 The Mews, Hatherley Road, SIdcup,
Kent DA14 40X Telephone 01-301 1111 or 01-209 1111
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r FREE LITERATURE
I am interested in purchasing an Alan 400/800 computer and would
like to receive copies of your brochure and test reports as well as
your price list covering all of the available Hardware and Software.

Memo

Address

Postcode
HE 12 82

C)


