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8K Static
RAM board

8K ON BOARD MEMORY!
5K RAM. 3K ROM or 4K RAM. 4K ROM (link
selectable). Kit supplied with 3K RAM, 3K ROM.
System expandable for up to 32K memory

2 KEYBOARDS!
56 Key alphanumeric keyboard for entering high level
language plus 16 key Hex pad for easy entry of
machine code

GRAPHICS!
64 character graphics option - includes
transistor symbols! Only CI 8 20 extra!

MEMORY MAPPED
high resolution VDU circuitry using discrete
TTL for extra flexibility. Has its own 2K
memory to give 32 lines for 64 characters.

KANSAS CITY
low error rate tape interface.

PSI COMP 80
Z80 Based powerful
scientific computer
design as published

in
WIRELESS WORLD

2 MICROPROCESSORS
Z80 the powerful CPU with 158 instruction, including
all 78 of the 8080, controls the MM57109 number
cruncher. Functions include +, /, squares,
roots, logs,sxponenti, trig functions, inverses etc.
Range 1(1" to 9 x 19'' to 8 figures plus 2 exponent
digits.

EFFICIENT OPERATION
Why waste valuable memory on sub routines for
numeric processing? The number cruncher handles
everything internally!

COMP no

Cabinet size 19 0" x 15 7" x 3 3" Television not included in price

The kit for this outstandingly practical design by John
Adams published in a series of articles in Wireless World
really is complete. Included in the PSICOMP 80 scien-
tific computer kit is a professionally finished cabinet,
fibre -glass double sided, plated -through -hole printed
circuit board. 2 keyboards PCB mounted for ease of
construction, IC sockets, high reliability metal oxide
resistors, power supply using custom designed toroidal
transformer. 2K Basic and 1K monitor in EPROMS and,
of course, wire, nuts, bolts, etc.

KIT ALSO AVAILABLE AS SEPARATE PACKS
for Soso culmors at. wish a yroad their pronto or Mild a prromolisal motes it. kfl is oroilablo
murals pock. is PCI Pt" x 12.5'11 £43.20. Pair ol kolboarils £34.00. Arnow. i. EPROM £30.00.
Tormiloi trooslormor ood power owls cospoomts £t7.60. USW lore roiled. made Irmo stool, rosily
weary hoists° £20.50. P.S.11111 ortotly Woos. may Mier .ill. 66666 colopolor i.cldl.t 01110
SUKHUMI° la which it coo Ito rondlia oditid. Ottor Wk. 0mtd I. oor FREE CATALOGUE.

PSI COMP 80 Memory Expansion Sys-
tem

Expansion up to 32K all inside the computer's own cabinet'

By carefully thought out engineering a mother board with buffers and its
own power supply (powered by the computer's transformer) enables up to
3 8K RAM or 8K ROM boards to be fitted neatly inside the computer
cabinet Connections to the mother board from the main board expansion
socket is made via a ribbon cable

Mother board: Fibre glass douole sided plated through hole
P C B 8 7" x 3 0" set of all components
including all brackets. fixing pans and ribbon
cable with socket to connect to expansion plug

£39.90
Fibre glass double sided plated through hole
PCB 5 6" x 4 8" £12.50
Set of components including IC sockets, plug
and socket but excluding RAMs £11.20
2114L RAM (16 required) E5.00
Complete set of board. components 16 RAMS

£89.50
8K Fibre glass double sided plated through hole
ROM bOtirli PCB 5 6" x 4 8" £12.40

Set of components including IC sockets plug
and socket but excluding ROMs £10.70
2708 ROM (8 required) £8.00
Complete set of board components. 8 ROMs

E78.50

RESIDENT BASIC
with extended mathematical capability. Only
2K memory used but more powerful than
most 8K Basics!

1K MONITOR
resident in EPROM.

SINGLE BOARD DESIGN
Even keyboards and power supply
circuitry on the superb quality double
sided plated through -hole PCB.

COMPLETE KIT
NOW ONLY
f725 + VAT

THIS MONTH'S FRONT COVER FEATURE!
* ETI VOCODER *

Panel size 19.0" x 5.25". Depth 12.2" .

14 CHANNELS! 2 OSCILLATORS!
NOISE GENERATOR! VOICED/UNVOICED DETECTOR!
SLEW RATE CONTROL! LED PPM METERS!

COMPLETE KIT ONLY £195 + VAT
Kit includes FREE foot control and test oscillator!
Like all our kits the ETI VOCODER really is complete - fully finished metal work, professional quality com-
ponents (all resistors 2% metal oxide), nuts, bolts, etc. - even a 13A plugl

MANY MORE KITS
ON PAGE 8

OUR CATALOGUE IS FREE! WRITE OR PHONE NOW!

POWERTRAN ELECTRONICS
PORTWAY INDUSTRIAL ESTATE ANDOVER
ANDOVER, HANTS SP10 3NM (STD 0264) 64455

PRICE STABILITY: Order with confidence. Irrespective of any price changes we
will honour all prices in this advertisement until October 31, 1980, if this month's
advertisement is mentioned with your order. Errors and VAT rate changes excluded.
EXPORT ORDERS: No VAT. Postage charged at actual cost plus £1 handling and
documentation.
U.K. ORDERS. Subject to 15% surcharge for VAT. No charge is made for carriage,
or at current rate if changed.
SECURICOR DELIVERY: For this optional service (U.K. mainland only) add
E2.501VAT inclusive) per kit.
SALES COUNTER: If you prefer to collect kit from the factory, call at Sales
Counter. Open 9 a.m.-12 noon, 1-4.30 p.m. Monday -Thursday.

POWERTRAN
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Britain's first coin
computer kit.

The Sinclair ZX80.

E7 .95
Price breakdown
ZX80 and manual: £69.52
VAT: £10.43

Post and packing FREE

Please note: many kit makers quote VAT -exclusive prices.

You've seen the reviews
ment...now make the kit!

This is the ZX80. 'Personal Computer World' gave
it 5 stars for 'excellent value.' Benchmark tests
say it's faster than all previous personal com-
puters. And the response from kit enthusiasts
has been tremendous.

To help you appreciate its value, the price is
shown above with and without VAT. This is so
you can compare the ZX80 with competitive
kits that don't appear with inclusive prices.

'Excellent value' indeed!
For just £79.95 (including VAT and p&p) you

you need to build a personal
computer at home...PCB, with IC sockets for
all ICs; case; leads for direct connection to a
cassette recorder and television (black and
white or colour); everything!

Yet the ZX80 really is a complete, powerful,
full -facility computer, matching or surpassing
other personal computers at several times
the price.

The ZX80 is programmed in BASIC, and you
can use it to do quite literally anything from
playing chess to managing a business.

The ZX80 is pleasantly straightforward to
assemble, using a fine -tipped soldering iron..
It immediately proves what a good job you've
done; connect it to your TV...link it to an
appropriate power source*...and you're
ready to go.

you've heard the excite -

Your ZX80 kit contains...
 Printed circuit board, with IC sockets for

all ICs.
 Complete components set, including all

ICs -all manufactured by selected world -
leading suppliers.

 New rugged Sinclair keyboard, touch -
sensitive, wipe -clean.

 Ready -moulded case.
 Leads and plugs for connection to

domestic TV and cassette recorder.
(Programs can be SAVEd and LOADed
on to a portable cassette recorder.)

 FREE course in BASIC programming and
user manual.

Optional extras
 Mains adaptor of 600 mA at 9 V DC

nominal unregulated (available
separately -see coupon).

 Additional memory expansion boards
allowing up to 16K bytes RAM. (Extra
RAM chips also available -see coupon).

'Use a 600 mA at 9 V DC nominal unregulated mains
adaptor. Available from Sinclair if desired (see coupon).
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The unique and
valuable components of the
Sinclair ZX80.

The Sinclair ZX80 is not just another
personal computer. Quite apart from its
exceptionally low price, the ZX80 has two
uniquely advanced components: the Sinclair
BASIC interpreter; and the Sinclair teach -
yourself BASIC manual.

The unique Sinclair BASIC interpreter offers
remarkable programming advantages:
 Unique 'one -touch' key word entry: the

ZX80 eliminates a great deal of tiresome
typing. Key words (RUN, PRINT, LIST, etc.)
have their own single -key entry.

 Unique syntax check. Only lines with correct
syntax are accepted into programs. A cursor
identifies errors immediately. This prevents
entry of long and complicated programs with
faults only discovered when you try to
run them.

 Excellent string -handling capability -takes
up to 26 string variables of any length. All
strings can undergo all relational tests (e.g.
comparison). The ZX80 also has string input -
to request a line of text when necessary.
Strings do not need to be dimensioned

 Up to 26 single dimension arrays.
 FOR/NEXT loops nested up to 26.
 Variable names of any length.
 BASIC language also handles full Boolean

arithmetic, conditional expressions, etc.
 Exceptionally powerful edit facilities, allows

modification of existing program lines.
 Randomise function, useful for games and

secret codes, as well as more serious
applications.

 Timer under program control.
 PEEK and POKE enable entry of machine

code instructions. USR causes jump to a
user's machine language sub -routine.

 High -resolution graphics with 22 standard
graphic symbols.

 All characters printable in reverse under
program control.

 Lines of unlimited length.
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Fewer chips, compact
design, volume production -
more power per pound!

The ZX80 owes its remarkable low price to
its remarkable design: the whole system is
packed on to fewer, newer, more powerful
and advanced LSI chips. A single SUPER ROM,
for instance, contains the BASIC interpreter,
the character set, operating system, and
monitor. And the ZX80's 1K byte RAM is
roughly equivalent to 4K bytes in a conven-
tional computer -typically storing 100 lines of
BASIC. (Key words occupy only a single byte.)

The display shows 32 characters by 24 lines.
And Benchmark tests show that the ZX80

is faster than all other personal computers.
No other personal computer offers this

unique combination of high capability and
low price.

Z80 A microprocessor -new,
faster version of the famous
Z-80 microprocessor chip,
widely recognised as the best
ever made.

RAM chips.

UHF TV
modulator.

Sockets for TV,
cassette recorder,
power supply.

SUPER ROM.

Clock.
Rugged,
flush,
Sinclair
keyboard.
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The Sinclair teach -yourself
BASIC manual.

If the specifications of the Sinclair ZX80
mean little to you -don't worry. They're all
explained in the specially -written 128 -page
book free with every kit! The book makes
learning easy, exciting and enjoyable, and
represents a complete course in BASIC
programming -from first principles to complex
programs. (Available separately -purchase
price refunded if you buy a ZX80 later )
A hardware manual is also included with
every kit.

The Sinclair ZX80. Kit: £79.95.
Assembled: £99.95. Complete!

The ZX80 kit costs a mere £79.95. Can't
wait to have a ZX80 up and running? No
problem! It's also available, ready assembled
and complete with mains adaptor, for
only £99.95.

Demand for the ZX80 is very high: use the
coupon to order today for the earliest possible
delivery. All orders will be despatched in strict
rotation We'll acknowledge each order by
return, and tell you exactly when your ZX80
will be delivered If you choose not to wait, you
can cancel your order immediately, and your
money will be refunded at once. Again, of
course, you may return your ZX80 as received
within 14 days for a full refund. We want you to
be satisfied beyond all doubt -and we have
no doubt that you will be.

(BD
Science of Cambridge Ltd

ZX80 software-
now available!

See advertisements in Personal
Computer World, Electronics Today
International, and other journals.

New dedicated software -developed
independently of Science of Cambridge -
reflects the enormous interest in the ZX80 More
software available soon -from leading consult-
ancies and software houses.

FORDER To: Scienceof Cambridge Ltd, 6 Kings Parade, Cambridge, Cambs., CB21SN.1
Remember: all prices shown include VAT, postage and packing. No hidden extras

FORM Please send me:

Quantity Item Item price
£

Total
£

Sinclair ZX80 Personal Computer kit(s) Price includes
ZX80 BASIC manual. excludes mains adaptor £79.95

Ready -assembled Sinclair ZX80 Personal Computer(s)
Price includes ZX80 BASIC manual and mains
adaptor £99.95

Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated) 8.95

Memory Expansion Board(s) (each one takes up to
3K bytes) 12.00

RAM Memory chips - standard 1K bytes capacity 16.00

Sinclair ZX80 Manualls) (manual tree with every ZX80 kit
or ready-made computer) 5.00

NB Your Sinclair ZX80 may quality as a business expense. TOTAL £

I enclose a cheque/postal order payable to Science of Cambridge Ltd for £
Please print

Name. Mr/Mrs/Miss

Address
6 Kings Parade, Cambridge, Cambs CB21SN. ETI/9/80
Tel: 0223 311488.

ETI SEPTEMBER 1980 6



7400
74500
7401
7402
7403
7404

'7405
7406
7407
7408
7409
7410
7411
7412
7413
7414
74014
7416
7417
7420
7421
7422
7423
7425
7426
7427
7428
7430
7432
7433
7437
7438
7440
7441
7442A
7443
7444
7445
7446A
7447A
7448
7450
7451
7453
7454
7460
7470
7472
7473
7474
7475
7476
7480
7481
7482
7483A
7484
7485
7486
7489
74909
7491
74924
7493A
7494
7495A
7496
7497
74100
74107
74109
74116
74118

 74119
74120
74121
74122
74123
74125
74126
74128
74132
74136
74137
74141
74142
74145
74147
74148
74150
74151A
74153
74154
74155
74156
74157
74159
74160
74161
74162
74163
74164
74165
74166
74167
74170
74172
74173
74174
74175
74176
74177
74178
74180
74181
74182
74184A
74185
74186
74188
74190
74191
74192
74193
74194
74195
74196
74197
74198
74199
74221
74251
74259
74278
74279
74283
74284
74285

bYTEXAS 150p 4020
yip 74293 15410
ggp 74298 200p
i2p 74365 100p
14 74366 100p
14, 74367 100p
149 74368 100p
14p 74390 200p
36p 74393 200p
3i.8 74490 225p
17 74113 SERIES
13, 741$00 14p
159 741502 16p
249 741503 18p
209 741504 160
37p 741505 250
409 741508 22p
ggp 741510 20p
27p 741511 40p
27p 741513 400
lip 741514 Sop
409 74LS15 45p
22, 741520 20p
349 741521 40p
30, 741S27 38p
40p 741530 20p
340 741532 27p
36p 741537 30p
17p 741538 36p
309 741542 7044

409 741547 90p
35p 741$51 24p
35p 741555 30p
17p 741573 509
70p 741574 36p
609 741575 45p

112p 741576 45p
1129 741583 70p
imp 741585 80p

93p 741586 40p
75p 741590 sop
sop 741592 70p
lip 741593 60p
ip 741596 110p

17p 7415107 45p
yp 741S109 80p

741S112 40p
349 741S113 90p
3o, 7415114 45p

74349 IL_:1; 70p
122 809

30p
349 7415124 180p
32T, 741S125 50p

Sop 7415126 50py;, 7415132 60p
84p" 7415133 30p
;0, 7415136 55p

loop 7415138 75p
110p 7415139 75p

349 7415145 120p
210p 7415147 220p

36p 7415148 1759
80, 7415151 80p
46p 7415153 60p
349 7415154 200p
84, 7415155 80p
709 7415156 90p
65p 7415157 800

18420 7415158 600
13(0

34p
55p

2009
130p
21(0
11(0

349
48p
60p
75p
6014
759
75p
75p
50p
50p

2043p
90p

190p
150p
130p

70p
70p

1209
90p
90p
70p

190p
100p
100p
100p
100p
120p
130p
120p
200p
240p
450p
12(0
90p
85p
90p
943p

160p
93p

160p
90p

1543p
150p
5000
325p
1200
120p
100p
100p
120p

95p
95p
80p

150p
150p
1609
140p
25013
290p
110p
1607
360p
380p

741_5160
7415161 100p
741.5162 140p
7415163 100p
7415164 120p
741.5165 140p
7415166 180p
7415173 110p
7415174 1043p
7415175 100p
7415181 3201,
7415190 100p
7415191 100p
741_5192 100p
7415193 100p
7415195 140p
7415196 120p
741S197 90p
7415221 120p
7415240 175p
7415241 17Sp
741$242 170p
7415243 170p
7415244 150p
7415245 350p
7415247 140p
74125248 140p
7415249 140p
7415251 140p
7415253 90p
7415257 909
7415258 160p
7415259 1609
7415266 1009
741$273 170p
7415279 90p
7415283 90p
7415298 249p
7415324 200p
7415348 200p
7415365 48p
7415367 70p
7415368 1009
7415373 150p
7415374 150p
7413378 140p
7415390 160p
74LS393 160p
7415445 1443p
7415668 100p
741S669 100p
7415670 400p
4000 SERIES
4000 1594

4001
4002
4006
4007
4008
4009rg

4011
4012

121

121:
4017

4019

20p
95p
25p
80p
40p
50p
259
25p
543p
849
84p
45p
80p
89p
45p

100p
110p

4022 100p
4023 27p

12NSOp

20p
4026 130p
4027 50p

12N84p

100p
4030 55p
4031

"°P130p
4034 200p
4035 110p
4036 295p
4037 115p
4038 120p
4039 340p
4040 100p
4041 80p
4042 60p
4043 90p
4044 90p
4046 110p
4047 1000
4048 65p
4049 50p
4050 49p
4051 80p
4052 80p
4053 80p
4054 150p

55 125p
4056 135p
4059 600p
4060 140p
4063 120p
4066 65p
4067 4509
4068 27p

20p
4070 30p
4071 25p
4072 2554

4073 25p
40757 25p
4 107p

'4812
27p
27p

4086 72p
4089 138p
4093 80p
40944g5 250p

96p
4096 95p
4097 340p
4098 120p
4099 200p
40100 220p
40101 132p
40102 180p
40103 180p
40104 99p

40106415

99p
90p

1: 11:8
80p

470p
40109 100p
4.1:1110

11
300p
250p

4502451209
70p

4507 55p
4508 290p
4510 99p
4511 150p

442r11
80p

285p
4575 300p
4516 110p
4518 100p
4520 100p
4521 250p
4526 106p
4527 160p

/:3!
120p
140p

4534 550p
4538
4543

120p
180p

4553 450p
72p

4560 250p
4569 250p
4572 409
4583
4584 90p

150p
4724 250p
40097 90p
14411 1100p
14412 1100p
14433 1100p'
14500 7009
14 2P
CD22100 350p
CD22101 700p
CD22102 700p,

INTERFACE I.C..
DM8123 175p
DP8304 450p
DS8835 250p
DS8836 150p
MC1488 75p
MC1489 75p
25510 350p
75107 180p
75150 175p
75154 175p
75182 230p
75322 300p
75324 375p
75325 375p
75361 300p
75363 400p
15365 350p
75451 72p
75491:2 96p
8026 200p
8728 250p
8195 200p
8197 160p
811S95 120p
871596 140p
8112597 120p
811598 140p
9601 110p
'Ihrr' 220p

93 SERIES 74S SERIES
9301 1116p 74500 60p 745114 120p
9302 175p 74504 60p 745114 3009
9308 316p 74505 75p 745132 160p
9310 275p 74$08 75p 745133 750
9311 2750 74510 60p 7451313 2250
9312 160p 74520 60p 745139 2250
9314 165p 74530 60p 745157 250p
9316 225p 74532 90p 745174 250p
9321 225p 74537 90p 745175 320p
9322 150p 74S64 60p 745194 350p
9334 360p 74574 90p 745241 450p
9368 250p 74585 3000 745260 70p
9370 300p 74586 180p 745373 5009
9374 200p 745112 120p 745374 500p

LINEAR IC. M K50398 750p
6110212 600p ML920 7759
AV 1.1313 668p MM57160 620p
AV 1-1320 320p NE531 150p
A91-5050 140p NE555 22p
693-1270 840p NE556 70p
695-12246 240p NE5616 425p
AY5-1315 600p NE5628 425p

'A55.13176 775p NE564 520p
6154007D 52044 NE565 130p
CA3019 80p NE566 155p
CA3046 70p NE567 1759
CA3048 2259 NE571 425p
CA3080E 72p NE5534A 250p
CA3086 413p RC4151 400p
CA3089E 225p S5668 270
CA309-60 3759 SAB3209 POA
CA31306 9044 SAD1024.6 1250p
CA31408 54153 SFF96364 11043p
CA3160E 100p SL490 40430
CA3161E 140p 5576003N 250p
CA31628 450p SN76013N 140p
CA31898 300p SN76013ND 120p
CA3280 100p 5576477 200p
DAC140&13 200p SP8515 750p
FX209 750p TAA621 275p
CL7106 850p 786641811 225p
CL8038 340p 186651 200p
CM7555 804 786800 90p
LF356P 95p TBA810 100p
LM1OC 425p 186820 90p
LM3016 30p TBA950 3011p
1151311 70p TCA210 250p
UN318 200p TC.4220 350p
1M319 225p TC4940 175p
LM324 45p TDA1004 300p
LM339 75p TDA1008 320p
LM348 959 7061010 225p
1M377 175p 7061022 570p
LM380 75p TDA1024 120p
LM381AN 180p 036103413 250p
LM393 100p TDA1170 250p
1M709 36p TDA20029 325p
LM710 50p TDA2020 320p
1N1725 350p 111071 45p
LM733 100p TL072 850
1M741 lap TL074 130p
1M747 70p TL081 45p
1M748 35p 71082 70p
1642917 250p 11084 110p
1M3900 70p TL170 50p
LM3909 70p 1166170 200p
1M3911 1300 UDN6118 320p
LIN3914 250p UDN6184 320p
LM3915 250p U1.52003 100p
LM4136 120p X132206 3500
MC1310P 150p XR2207 400p
MC1458 48p X62240 4013p
MC14951 350p ZN414 90p
MC1496 100p ZN419C 2251,
MC3340P 120p ZN424E 1359
MC3360P 12044' ZN425E 400p

VAT RATE: Please add VAT at
1 5% on total order value
Access and Barclaycard accepted
Please send SAE for list

6

VOLTAGE REGULATORS
Had Plank TO -220

1A %ye
5V 7805 50p

12V 7812 110p
:15V 7815 60p
18V 7818 606
24V 7824 110p

100mA 1092
5V 78105 30p

12V 78112 30p
15V 78115 30p
OTHER REGULATORS
LM309K 135p
LM317T 200p
LM323K 550p
L51723 37p
OPTO-ELECTRONICS

78HGKC
78H05KC
7834612C
781,05
7911GKC

-ws
7905
7912
7915
7919
7924

65p
85p
70p
703p
70p

79105 70p
79112 70p
79115 70p

1100p
600p
135p
900p
700p

255777 4514

OCP71 130p
ORP12 120p
°PTO -ISOLATORS

081,60
ORP61
TIL78

120p
120p

55p

11074 130p 01111 90p
MCT26 100p 111112 90p
MC52400 190p 111116 90p
LEDS
0 125"
TIL32 55p T1L220 Red 16p
711209 Red 13p 111222 Gr 18p
111.211 Gr 20p TIL228 Red 22p
TIL212 Ye 25p Rectanguler

111216 Red 18p LEDs (R. G. 1) 30p

DISPLAYS
3015F 200p NSB5881 570p
01704 140p TIL311 600p

01707 Red 140p 111312/3 110p

707 Gr 14430
111321/ 2 130p

D1747 Red 225p 111330 140p

747 Gr 225p 7750/60 200p

FND357 120p DRIVERS
FN0500 120p 9638 250p
F5D507 120p 9370 300p
MAN3640 175p 11056118 320p
MA144640 200p 11056184 320p

BREADBOARDS
EXP350 3.6 x 2.1
(Up to 3 x 14 pin IC4)
EXP650 3.6 x 2.4
IUp to 1 x 40 pin IC)
EXP300 6 x 2 1
(up to 6x 14 pm ICs)
EXP600 6 x24
(Up to 1 x 40 pin GCs)

IC TEST CLIPS
14 pin E2.60
16 pin £2.75

TRANSISTORS
A(126 25p
AC127 8 20p
AC176 25p
AC187/8 25p
AF116 50p
60149 70p
60161/2 46p
61107 200p
8C107/8 llp
80109 11p
80117 20p
0C147/8 Op
BC149 10p
BC157/8 10p
BC159 11p
BC169C 12p
BC172 12p
BC177/8 17p
BC179 18p
BC182/3 10p
BC184 lip
BC187 300
BC212/3 11p
BC2I4 12p
BC237 150
BC327 160
BC337 16p
80338 180
80461 36p
BC477/8 30p
BC516/7 500
BC547B 180
BC548C Op
BC549C 150
BC55713 1ep
8C559C 18p
BCY70 113p

8CY71/2 22p
80131/2 50p
80135/6 54p
8091058e YOAP
BD140 60p
80189 60p
80232 lip
80233 75p
8D235 85p
BD241 70p
BD242 70p
BDY56 2000
6E200 32p
BF244B 350
BF256B 700
8E257'8 32p
06259 313p,
861139 25p

BFR40 26p
BER41 259
BFF179 25p
BFRE10 25p
BER81 25p
BFX29 30p
BFX30 349
86X84/5 40p
8FX86/ 7 30p
BFX88 30p
8E91/10 90p
BFY50 30p.
BFY51 / 2 30p
BFY56 33p
BFY90 90p
88139 45p
BSX19 / 20 20p
BU104 225p
811105 19170
BU108 250p
BUI09 225p
BU205 200p
BU208 200p
BU406 1459
E300 50p
8308 50p
E310 50p
MJ2501 225p
MJ2955 90p
MJ3001 225p
MJE340 50p
MJE2955 100p
MJE3055 70p
MPFI02 45p
MPF103 4 40p
MPF105 6 40p
MPS6531 50p
MPS6534 SOP
MPSA06 30p
MPSA12 50p
MPSA13 50p
M P5A20 50p
MPSA42 50p
MPSA43 50p
MPSA56 32p
MPSA70 50p
MPSUO6 639
MPSUO7 90p
MPSU45 90p
MPSU65 78p
0C28 130p
0C35 130p
TIP296 40p
TIP29C 55p
TIP306 44p
TIP300 60p

MEMORIES
2102.21 120p
21078 500p
2111-2 250p
2112.2 SOOp
2114 300p
2114-21 500p
4027-3 375p
4044 900p
4116 400p
5101 510p
6810 326p
745201 350p
82516 325p
ROM/PROM.
71301 700p
745188 225p
745287 350p
745387 35014
745470 650p

650p
650p
750p
400p
650p
650p
9043p

745471
745571
825137
93427
93436
93446
93448
CPU.
1600
1802CE
2650A
6502
6800

1200p
650p

2000p
1000p

650p
6802 1250p
6809 2500p
80806 450p
8085A 1200p
1558060 100094
Z80 El 0
ZBOA 11501,
EPROM.
17024 6043p

2708 450p
2716 (4-5\11 EIO
SUPPORT DEVICES
3242 800p
3245 450p
6532 100420
6820 500p
6821
6845
6850
8205
8212
8216
8224
8228
8251
8253
8255
8257
8259

375p
2500p

300p
320p
2259
225p
275p
525p
550p

1000p
550p
950p

1200p
280P10 650p
Z80AP10 800p
Z8OCTC 650p
MC14411 1100p
MC14412 11000

TIP31A 589;
TIP31C 62p
TIP32A 6119
TIP32C 82p
TIP33A 90p
TIP33C 114p
TIP34A 11Sp
TIP34C 160p
TIP356 225p
TIP35C 290p
TIP366 270p
TIP36C 340p
TIP41A 65p
TIP41C 78p
111,426 70p
TIP42C 82p
TIP54 1800
TIPI 20 120p
TIP122 130p
TIP142 130p
TIP147 1309
TIP2955 78p
TIP4055 70p
TIS43 34p
TIS93 30p
ZTX108 12p
ZTX300 13p
ZTX500 15p
ZTX502 18p
ZTX504 30p
254576 250p
2N696 35p
25697 25p
2N698 45p
257066 20p
2N 708A 20p
29918 45p
25930 18p
2N1131.2 20p
251613 25p
251711 25p
252102 70p
252160 350p
2522196 30p
2522226 30p
2N23696 25p
252484 3420

292646 45p
292904/5 343p
2529066 30p
2529074 30p
252926 9p
2N3053 30p
2N3054 65p
253055 48p
253442 140p

UARi
AY -3-1015P
AY -5-1013P
IM6402
TM5601115C

500p
400p
500p
400p

CHARACTER
GENERATORS
3257ADC 1190p
MCM6576 £12
RO-3-2513 U C 600p
110-3-2513 L.C. 700p
SN74S262AN £10

KEYBOARD
ENCODER
61-5-2376 700p

2N3553 240p
253565 309
093584 2543p
29443/4 4.80
255702/3 12p
293704/5 12p
253706/7 140
2N3706/9 12p
2N3773 3000
253819 25p
253820 500
2N3823 70p
2N3866 90p
2N3902 70054
253903/4 18p
253905/6 200
254037 850
2N4058/9 12p
254060 12p
254061/2 18p
254123/4 27p
2N4125/6 27p
2N4401/3 27p
254427 900,
254871 600
2N5087 27p
255089 27p
255172 27p
2N5179 900
2N5191 900
2N5194 900
255245 40p
255296
2N5401 513p
295457'8 400
255459 40p
255460 600
255485 44p
255875 2500
2N6027 48p
2N6107 65p
256247 190p
296254 1300
2N6290 65p
256292 659
2501172 1500
35128 1200
3N140 12054

3N141 1100
35201 110p
39204 1000
40290 250p
40360 40p
40361/2 750
40364 1200
40408 700

40409 85p
40410 85p
40411 30420
40594 1200
40595 120p
40673 75p
40841 90p
40871/2 90p

106 4009 mop
266 4009 400p

ZENERS
2 79-33V
400rnW
1W

SP
15p

DIODES
81127 I

B YX36-300,
0A47
0A81
0685
0A90
0A91
0695
06200
06202
15914
15916
194148
1154001/2
194003/4
1N4005
1N4006/7
155401/3
155404 /7
1S920

H EAT SINKS
For 10220 Volt-
age Regs and
Transistors 229
Fa TO5 12p

129
20p

9p
15p
159

9p
9p
9p
9p

10p
4p
7p
4p

SP
6p
6p
7p

14p
19p
tb

TRIAL'S
PLASTIC
3A 4009
3A 500V
6A 4009
6A 5009
8A 4009
8A 500V
I 2A 400V
12A 5009
16A 400V
16A 500V
728000

60p
65p
700
88p
75p
95p
85p

105p
110p
130p
130p

BRIDGE
RECTIFIERS
1A 50V 19p
16 1009 20p
16 400V 25p
to 6009 30p
2A 50V 30p
2A 1009 35p
2A 400V 45p
3A 200V 60p
3A 6009 72p
4A 100V 95p
4A 4009 100p
6A 50V 80p
6A 100V 100p
6A 40(N 120p

THYRISTORS
lA 509 443p
16 400V 65p
3A 4009 90p
86 6003/ 140p
12A 4006 160p
16A 100V 1601,
16A 40()V 180p
16A 600V 220p
81106 110p
C106D 45p
MCR101 369
2N3525 130p
254444 140p
2N5060 34p
2N5064 40p

LOW PROFILE DIL SOCKETS IV TEXAS

81,0 8P
14 pn 109
16 pm 1117

18 pit 16p
20 pn 20p
22 pn 22p

LOUD-
SPEAKERS
Sue
21/2 64R 80p
21/2 BR 80p
2 80 90p
11/2 8R 100p

24 pn 24p
281,n 3011
40 pin 40p

WIRE WRAP SOCKETS BY TEXAS
81,n 25p 181,n 50p

14 pn 35p 20 70 60p
16 pn 40p 22 pn 85p

24 pin 70p
28 pn 80p
40 pin 1009

TRANSFORMERS
(prim 220/240V)
6-06 100mA Sip
9-0.9 75mA 92p
0-120 12500mA 280p
0-259) VA) 250p
9.0916 270p'
12V 2A 3509"
0.12-15
2024-3016 340p'
1501514 216p'
(Please add 50P P&P charge
to all marked - above our nor.
mal p&p charge)

SUBMINIATURE
SWITCHES
Toggle
SPST 60p
SPOT 65p
DPDT 70p
DPDT (centre off) 85p
Push to make 16p
Break 25p
Push latching SPCO

60p
SLIDE DPDT lap
ROCKER SPST 28p
WAFER
11, '12W
3F'4W
4P 3W
213'6W

45p
45p
45p
45p

ANTEX SOLDERING
IRONS
C151A, 415p
CX-17W 425p
CCN 15W 425p
X25 440p
SPARE BITS
C/CX CCN 50p
X25 50p
SPARE ELEMENTS
C/CX 525 180p
CCN 200p
ADCOLA IRONS
81000 550p
82000 550p

RESISTORS High
Stab 5% 812
Carbon Film

OW 10R -1M
a're value

1/2W 10R -10M
one value

7p Spcs

514 315.

Miniature Presets
HP Ned 100R -1M 12p
Carbon Track Pots

5K -1M Log or Lin
Single 30p
Single with Switch 60p
Dud 72p

SLIDER POTS 60rnrn Track
LIN 5K. 10K 50K 1008

60p
LOG 10K 60p

CRYSTALS
100KHz 300p
1MHz 370p
1008M10 370p
3 2768MHz 350p
3 579545MHz 2011p
4MHz 350p
8 867237MFfz 400p
10 7MHz 350p
18MHz 300p
26 690MHz 210p
27 145MHz 210p

VEROBOARDS
DIP Breadboar
4 15 x 6 15 325p
(Sortable for 20 X 14 pin or
16 x 16 pin DIL ICs) DIP
Breadboard as above with tracks
for 31 way connector 375p
9.0 Boards for ICs 130p
(No track cutting

CONNECTOR PLUGS
31 way Plug
31 way Socket
5-100 Busboar

120p
120p

1500p

EDGEBOARD CONNECTORS 0.156" PITCH
2x lOway S5p 2 x 22 way 135p
2 x 15 way 100p 2x25way 1500
2 x 18 way 120p

COUNTERS
746925
740928
ICM7216EI
ICM72176
251040E

475p
600p

2000p
850p
700p

TTL & ECL
MC4024
MC4044
10116
10231

326p
325p

70p
350p

SPECIAL OFFERS (subject to stocks)
555 £18/100 7805
741 £18 / 100 7812
2114L-3 £4.00 7905
2708 (450 05) £4.50 7912
2708 (650 ns) E4.00 21141 450 es
2716 (plus 5V only) £9.00
41 16 (200 ns) £2818 P&P + VAT Extra

£5.10 .

c5,10
C6/10
C6/10
£2478

PROTOBOARD (R) SOLDERLESS BREAD- 16 KEY KEYPAD 4500
£3.15 BOARDS (Reed Switches)

Socket Strips/ Bus Strips/ Binding Posts mounted UHF Modulator 6MHz E3.75
'3-69 on sturdy base plate. UHF Modulator 8MHz 450p

P86 6 x 14 OIL ICs E9.20 Reed Switches (12VA) (0.25
'5'15 P8100 10x 14 DIL ICs E11.80 LOGIC PROBE E18.00

P5102 12 x 14 DIL ICs E22.95 SUPERTESTER 6808 E33.00.
'6 30 PB103 24 x 14 DIL ICs E34.45 MICROTEST BOR E17.00

P8104 32 x 14 DIL ICs £46.95' TM/4500 E22.00'
(The above boards are suitable for all DIL 1Cs i Pocket multimeter E4.75'

VEROBOARDS
01

(copper clad(
2 503 75 65p

2 5 5 75p
3 75x3 75 75p
3 75x5 80p
375017 290p
4 75 017 9 360p

Pkt of 100 pins
Spot face cutter
Pin insertion tool
Vero Worng Pen

2 wire spools
combs

Combs

50p
86p

118p

370p
7p

24 pm E4.90 We carry a large stock of 74 and 74LS TTLs. CMOS, Linears, Memories, etc. and can normally offer
40 pin E7.90 ex -stock deliveries. We welcome inquiries for volume quantities both from local and overseas

buyers

Please add 30p p&p & VAT

Government, Colleges, etc. Orders accepted.

CALLERS WELCOME
Mon Fri 9 30.5 30
Saturday 10 30.4 30.

TECHNOMATIC LTD.
17 BURNLEY ROAD, LONDON NW10
(2 minutes Dollis Hill tube station) (ample street parking)
Tel: 01-452 1500/01-450 6597 Telex: 922800,
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DIGEST
Booking
Up

Bernard Babani (Publishing) Ltd
of The Grampians, Shepherds

Bush Road, London W6 7NF have
brought out a brand new
catalogue of Radio and Elec-
tronics books which they publish.
They cover such subjects as Elec-
tronics, Semiconductors, Com-
puters, Television, Radio, Hi-fi,
etc. Whether you are a hobbyist,
engineer, designer or student,
they have something for you. The
catalogue is free, just send them a
reasonably large stamped address-
ed envelope and you will recieve
your copy by return.

Power Cuts On
The Way

n 1968 your 20 inch colour telly
I using 90° deflection would
have consumed over 200 W. Now,
the figure is around 65 W. A new
development from Finland will
further reduce that to about 40 W.

The system, which results in a
reduction of about 40% in power
consumption, has been incor-
porated in the Salora G Series of
portable colour sets. The design is
basically a 90% efficient couple
between the power supply and
picture tube using an induction
transfer system. The resultant
cool running improves reliability
and extends operational life.

The G Series, with its 16, 20
and 22 inch models, will operate
from a standard 60Alhour 12 V
battery for 15 hours, or from
mains for as long as you pay your
bills.

All the models feature
automatic electronic tuning, fine

NEWS

tuning and memory plus add-on
options for remoted control, 12 V
battery and video frequency inter-
face unit.

Salora products are available
in the UK from Salora (UK) Ltd,
25A Techno Trading Estate, Swin-
don SN2 6EZ.

Computer
Aided Yacht
Race

This year the 1980 Observer
Single Handed Transatlantic

Yacht Race is being aided by a
computer -based system. Known as
the Argos system, each of the
yachts involved in the race has an
on -board transmitter which emits
a signal picked up by two
satellites regularly crossing the
Atlantic. These signals are then re-
bounded to earth for decoding
and processing. The information
is fed via Toulouse in France to a
CH Honeywell Bull computer in
Paris and then is further process-
ed by a Micral Computer in the
Paris offices of Europe 1 radio sta-

tion. A Benson drafting machine
on line to this computer is then
able to give a graphic representa-
tion of the yachts' positions. This
information is used by the radio
station for its coverage of the race
and also allows the race
organisers to keep a constant eye
on the progress of each yacht.
This means increased safety for
the race, as Coastguards can be
immediately notified if they are in
difficulty. After the disasters
which occurred during last year's
Fastnet race, this system will
hopefully increase the safety fac-
tor in open sea racing.

Powering Down
Every piece of electrical and
electronic equipment needs a

power supply of some sort. Larsen
Sweeney's latest forecast of the
use of power supplies in Europe
up to 1986 reports a general
downtrend. Not only is the
general power supply business
slowing down, but, in particular,
newer supply systems, eg swit-
ching regulated and switched
mode, are also feeling the pinch.
This is largely a result of a
slowdown in new product design
and development.

The report warns that British
power supply designers are at a
distinct disadvantage in this
marketplace and many will not

survive the recession. Their com-
petitors in West Germany, France,
Sweden and Japan are supported
financially by their respective
governments, but the British com-
panies are on their own.

The 243 page Larsen Sweeney
report covers 16 European coun-
tries and 34 power supply product
groups, including sections on
marketing, the industry, the end
user and distributors. Every home
should have one. You'll have to
raid the piggy bank, though.
'Power Supply In Europe To 1986'
will set you back £695. Beat the
rush. send your life savings now
to Larsen Sweeney Publications
Ltd, P 0 Box 36, Maidstone, Kent.

EMP The Govt. Speaks
Your Ref

Our Ref

HOME OFFICE,

QUEEN ANNE'S GATE,

LONDON, SWIH 9AT

1980

The Under Secretary of State desires to acknowledge the receipt of

your letter of the 2 7. 6 E'tsr

which is receiving attention.

This is the entire text of the replies we have received to date from the vast
machinery of the British government. Receiving attention? We shall keep plug-
ging away though, and report any sensible answers we do manage to obtain.
Meanwhile what are your views on the subject of EMP? Let's hear about them.

Vetting VDUs

If your work involves reading
I data from a telly screen
(operating a computer terminal,
for instance) you may occasional-
ly wonder if it affects your
eyesight, especially if you go
home every night with a splitting
headache.

The twin evils of radiation
and eyestrain have attracted some
attention with respect to VDU
usage. For this reason the VDU
Eye Test (VET) Advisory Group
was set up to devise a test
package for VDU users. Their
final report has now been publish-
ed as a 12 page booklet.

The Group found 'that no
significant hazard from X-ray,
ultra -violet, visible or RF radia-
tion has been detected' in modern
VDU design. Moreover, the

Group found no evidence that
VDU use could cause eyestrain.
We consulted a practising
Ophthalmic Optician who told us
that normal use of the eyes can-
not cause damage.

The report did, however, list
several factors that could cause
discomfort, which the layman
might call eyestrain. These includ-
ed the posture of the VDU user
and the working environment.

The Group concluded that
VDUs can be used safely, if
designed and intalled with proper
attention to the user's ergonomic
requirements. Where there is in-
tensive use of VDUs, the user's
eyesight should be checked with
the test recommended in the
report.

If you would like a copy of
the VET Advisory Group's report,
write to Tom Stewart, Butler Cox
& Partners Ltd, Morley House,
26-30 Holborn Viaduct, London
EC1A 2BF.

ETI SEPTEMBER 1980 7



TRANSCENDENT DPX
DIGITALLY CONTROLLED, TOUCH SENSITIVE, POLYPHONIC, MULTI -VOICE SYNTHESIZER

Another superb design by synthesizer expert Tim Orr - published in Electronics Today International

The Transcendent DPX is a really versatile new 5 octave keyboard instrument. There are two audio outputs which can be used simultaneously. On the firstthere is a beautiful harpsichord or
reed sound - fully polyphonic, i.e. you can play chords with as many notes as you like. On the second output there is a wide range of different voices, still fully polyphonic. It can be a
straightforward piano or a honky tonk piano or even a mixture of the twol Alternatively you can play strings over the whole range of the keyboard or brass over the whole range of the
keyboard or should you prefer - strings on the top of the keyboard and brass at the lower end (the keyboard is electronically split after the first two octaves) or vice versa or even a
combination of strings and brass sounds simultaneously. And on all voices you can switch in circuitry to make the keyboard touch sensitive! The harder you press down a key the louder it
sounds - just like an acoustic piano. The digitally controlled multiplexed system makes practical touch sensitivity with the complex dynamics law necessary for a high degree of realism.
There is a master volume and tone control, a separate controlior the brass sounds and also a vibrato circuit with variable depth control together with a variable delay control so that the vibrate
comes in only after waiting a short time after the note is struck for even more realistic strong sounds.

Cabinet size 36.3" x 15.0" x 5.0" (rear) 3.3" (front)

COMPLETE KIT ONLY £299 +VAT
To add interest to the sounds and make them more natural there is a chorus /ensemble unit which is a complex phasing system using CCD (charge coupled device) analogue delay lines. The
overall effect of this is similar to that of several acoustic instruments playing the same piece of music. The ensemble circuitry cart be switched in with either strong or mild effects.
As the system is based on digital circuitry digital data can be easily taken to and from a computer (for storing and playing back accompaniments with or without pitch or key change, computer
composing, etc.. etc.)
Although the DPX is an advanced design using a very large amount of circuitry, much of it very sophisticated, the kit is mechanically extremely simple with excellent access to all the circuit
boards which interconnect with multiway connectors, just four of which are removed to separate the keyboard circuitry and the panel circuitry from the main circuitry in the cabinet.
The kit includes fully finished metalwork, solid teak cabinet, professional quality components (all resistors 2% metal oxide). nuts, bolts, etc., even a 1 3A plug!

MIRAN MANY MORE KITS ON PAGE 110 MORE KITS AND ORDERING
INFORMATION ON INSIDE FRONT COVER

TRANSCENDENT 2000 SINGLE BOARD SYNTHESIZER

LIVE PERFORMANCE SYNTHESIZER DESIGNED BY CONSULTANT TIM ORR (FORMERLY SYNTHESIZER DESIGNER FOR EMS LIMITED( AND FEATURED AS A
CONSTRUCTIONAL ARTICLE IN ELECTRONICS TODAY INTERNATIONAL.

The TRANSCENDENT 2000 is a 3 octave instrument transposable 2 octaves up or down giving an effective 7 octave range. There is portamento, pitch bending,a VCO with shape and pitch
modulation, a VCF with both low and high pass outputs and a separate dynamic sweep control, a voice generator and an ADSR envelope shaper. Thereis also a slow oscillator, a new pitch
detector, ADSR repeat, sample and hold, and special circuitry with precision components to ensure tuning stability amongst its many features.
The kit includes fully finished metalwork, fully assembled solid teak
cabinet, filter sweep pedal, professional quality components (all
resistors either 2% metal oxide or 1/2% metal film) and it really is
complete - right down to the last nut and bolt and last piece of wire!
There is even a 13A plug in the kit - you need buy absolutely no more
parts before plugging in and making great music! Virtually all the
components are on the one professional quality fibreglass PCB printed
with component locations. All the controls mount directly on the main
board, all connections to the board are made with connector plugs and
construction is so simple it can be built easily in a few evenings by
almost anyone capable of neat soldering! When finished you will
possess a synthesizer comparable in performance and quality with
ready -built units selling for many times the price.

COMPLETE KIT
ONLY

£168.50+VAT!
Comprehensive handbook supplied with all complete kits! This fully
describes construction and tells you how to set up your synthesizer
with nothing more elaborate than a multi -meter and a pair of ears!

OSCILLATOR
."7.

-

FILTISPI VGF VCR AO ENVELOPE

TRANSCENDENT 2000 firafIMMN

Cabinet size 24.6" x15.7" x4.8" (rear) 3.4" (front)



Metering Your
Multis

The Alpha V is the latest and
smallest hand-held digital

multimeter from Gould In-
struments. It has a 31/2 -digit liquid
crystal display with 25 measuring
ranges covering the five basic
functions of DC voltage, AC
voltage, DC current, AC current
and resistance. It has a maximum
reading of 1999 and maximum
resolution of 100 uV. Range and
function selection is by two rotary
switches on the clearly coded
front panel. The multimeter is
powered by a 9 V carbon zinc or
alkaline battery (PP3 or
equivalent), the latter giving a
typical life of 200 hours. There is a
battery low indicator provided by
the display, which shows 'BAT'
when less than 10% of useful bat-
tery life remains. The case is of
high -impact ABS plastic and the
display is shock mounted behind a
polycarbonate plastic window.
Accessories supplied with the
basic instrument include standard
red and black test leads, battery
and handbook. The cost is £85.00
(plus VAT) from Gould In-
struments Division, Roebuck
Road, Haina

Anti Car Theft
Maywood Security Services

Ltd.is marketing a method of
deterring vehicle thieves. A
mobile service is offered which in-
volves abrading the vehicle
registration number on every win-
dow of a car, caravan, commer-
cial vehicle or boat. This means
that in order to mask the identity
of a stolen car the thieves must
replace all of its windows. The
abrading process takes about five
minutes at a cost of about £5 per
vehicle (quantity discounts may
be given). Maywood Security Ser-
vices Ltd are operating as a fran-
chise for Safecar and they will
quite happily call at your place of
work or home. This method has
received the support of police
crime prevention officers
thoughout the country who have
to deal with some 350,000 vehicle
thefts a year. The address is
Maywood Security Services Ltd,
Peake House, 232 High Street,
Harlington, Hayes, Middlesex,
UB3 5DS. They cover North West,
West and South West London.
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Status Symbols
aindirk of Downham Market

R Norfolk are now supplying the
Status range of audio equipment.
Their Status 500 power amplifier
delivers 250 W per channel into
8R, using power MOSFET output
stages. Ths Status 20 Stereo Con-
trol Unit is a rack -mounting
system with a modular disc replay
amplifier that can be remotely
located, three band equaliser with
continously variable turn -over fre-
quencies, built-in headphone
amplifiers and external mains
power supply. The range will soon
also include a parametric
equaliser. You can get more infor-
mation on the Status 500 and the
rest of the Status range from Rain -
dirk Ltd, Downham Market, Nor-
folk.

Sharp Shapes
Sharp Corporation are now
marketing an alternative to

conventional tubular LEDs. They
are designed for flush fitting to
front panels and are currently of-
fered in the form of round 'point'
indicators, equilateral and
isosceles triangles, square and flat
sections, all in three different
sizes, (3, 4, and 5 mm) and three
different colours - red, yellow
and green. The shapes make good
function indicators and the
'squares and flats' can be stacked
to form bar graphs. For 1,000
pieces the price is between 5p and
10p each depending on the size,
shape and colour. They are
available from CRP Electronics
Ltd, 13 Hazelbury Crescent,
Luton, LU1 1DF.

Robot School
ntegrated Computer Systems

I Inc. have announced details of
their new courses in 'ADA' and
'Computerised Robots'. 'ADA', a
new high level computer
language, has been developed by
the US Department of Defence in
co-ordination with European

NEWS: Digest

Defence Ministries and may
become an industry standard.

Aimed at managers, engineers
and programmers, ICS's 'Com-
puterised Robots' course will pin-
point where the new breed of 'in-
telligent' robots can be used to in-
crease productivity and
streamline production.

Japan is currently the major
employer of robot labour with
6,000 in use (40,000 if you include
the simplest automata). The USA
has 3,500 while Europe has only
2,000. If computer companies
enter the robotics market, it is
estimated that there could be
200,000 robots in use by 1990 in
the USA alone with over 35% of
all production in robot 'hands' by
the turn of the century. As the in-
creasing use of robot labour
changes the face of society, all we
will need is a machine that enjoys
living in it.

You can get more information
on the course programme from Dr
David C Collins, ICS Publishing
Co Ltd, Pebblecoombe, Tadworth,
Surrey.

Small is
Beautiful

Aminiature hi-fi system is now
available from Misubishi Elec-

tric, called 'System 4'. It delivers
50 W per channel, both channels
driven into 8R and it measures
27W x 42.4H x 27cmD. The four
units consist of the M -A04 Power -
amp, M-PO4 pre -amplifier, M -F04
AMIFM Tuner and the M -T04
front -loading Cassette Deck
which is metal tape compatible.
Their latest speaker system is also
available. A 50 W 8R two way in-
finite baffle speaker, the 55 630E,
retails at £115.00 for the pair. Fre-
quency response is 60 Hz to 22
kHz and dimensions are 305W
x 544H x 257mmD.
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SPECIAL REPORT
Just £1

to all readers

Don't buys
digital watch
untilyou read this report
There are so many digital watches on the market,
with varying functions, that the average person is
bound to feel somewhat confused.
A new survey of the electronic watch
industry has been produced to clarify
this confusion and to give an unbiased
and objective answer to the many
questions that are constantly being
raised.

* How accurate are electronic
watches?

* Who makes Seiko's?
* What is the importance between

brand names?
* Is solar power worth the extra

money?
* What are the most important

features in a watch?
* When will prices stop falling?

The survey answers all of these
questions and tells you what to look
for in a quartz watch; how they work;
why the prices vary so much; what
the future holds.

SPECIAL OFFER
Send today for this technical

report, plus news of a unique Metac
offer to beat all special offers.

Complete the coupon below and
send it FREEPOST (no stamp
required) and we will post, Same Day
Despatch, the technical report giving
you all you need to know about
electronic watches and details of our
special offer.

r by Trevor Raven.
C.Eng. AMBIM. MIERE

rtiE
DErr

AxwArcasuRvEy

Arect,,,,,airport

40 page
illustrated
report.
Retail price
£4.50
but just £1
to our
readers.

Which is the best watch?
These four watches are very

different in price, durability and
functions. How would you choose
between them?

This unbiased and objective
report helps you to make this
decision and gives you a deeper
insight into the rapidly changing and
exciting world of the micro -chip.

For your copy of the report
complete and return the coupon
to: Metac Electronic & Time Cen-
tres, 24 -hour Despatch Centre,
FREEPOST, 47A High St., Daven-
try, Northants.

1rName

Address
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Status Symbols
Raindirk of Downham Market
Norfolk are now supplying the

Status range of audio equipment.
Their Status 500 power amplifier
delivers 250 W per channel into
8R, using power MOSFET output
stages. Ths Status 20 Stereo Con-

trol Unit is a rack -mounting
system with a modular disc replay
amplifier that can be remotely
located, three band equaliser with
continously variable turn -over fre-
quencies, built-in headphone
amplifiers and external mains

power supply. The range will soon
also include a parametric
equaliser. You can get more infor-
mation on the Status 500 and the
rest of the Status range from Rain -
dirk Ltd, Downham Market, Nor-
folk.

NEWS: Digest

100 W Power
Amp (August)

n Fig.7 on page 67, C1, 2 and 4
I are shown the wrong way
round. However, they are shown
correctly on the component
overlay.

In the Power Amplifier Board
Parts List on page 68, R15 should
be 1OR 1W and R16 should be 1OR
2W. In the DC Sensing Board
Parts List on the same page R7
should be 4k7, R20, 23 are 82k,
R18 is 1k0, R26 is 91k and R27 is
5k6. C1,2 and 11 should be 22u 16
V electrolytic and C9, 10 should
be carbonate types.

The component overlays on
page 69 are correct.

Music To Your
Ears

Casio have brought out four
new calculators to follow in

the footsteps of their Melody
Card M-80. They all have eight
digits calculating capacity in four
functions, with full percent and
independent memory. Sliding the
mode switch to 'music' converts
them to an 11 note instrument for
the user to play tunes on the
numerals (0-9) and decimal keys.

The ML -720 is credit-card siz-
ed and is priced at £17.95. It is
powered by two G-8 size batteries
which last for 700 hours con-
tinuous calculating use. This is ex-
tended by an automatic power off
function with full memory reten-
tion. The ML -860 is slightly bigger
with a RRP of £16.95 and uses the
larger G-10 batteries which last

almost twice as long as the G-8
type.

For £25.95 you have the
choice of the ML -71 and the
ML -81 which both tell the time as
well. The ML -71 is credit-card size
and keeps continuous track of
time, with running second display
and date and includes a one -tenth
second stopwatch feature. It also
has an alarm for any preset time
of day as well as a countdown
timer. The G-10 batteries last
about a year. The ML -81 is larger
again with the same facilities as
the ML -71 plus an independent
alarm. The two G-12 batteries last
for 14 months continuous opera-
tion. All these calculators should
be available from dealers
soon.

Black Hole
(May 1980)

21, R83 and C10 should
I% be 1k0, 18k and 10nF respec-
tively. A 39k resistor should be
connected in series with C40. Cut
the appropriate PCB track and
solder the resistor across the
break. A 1N4148 diode should be
connected across each SAD512D
input (soldered to the underside
of the PCB). Later issue PCBs from
Powertran will be suitably
modified.

Kit News
TK Electronics' contribution
to making legsobsolete should

be available in September. It's a
touch -controlled light dimmer
with single alternate action touch
plate. Nothing strange in that, you
say. Well, TK have married their
touch dimmer with an infra -red
remote control system. So, you
needn't leave your water bed,
with infra -red light controller in
one hand and ultrasonic TV con-
troller in the other (and the two
will not interfere with each other).
TK's TDR300K 300 W Remote
Controlled Lightdimmer will pro-
bably cost around £10. Watch
their adverts in ETI for latest
details. Meanwhile TK can supply
an infra -red onloff light controller
for £12 plus VAT (order model
RC500K). A multi -channel infra-
red remote control system for
models, hi-fi, etc is also available
separately.

Aura Sounds, who pioneered
the introduction of Wersi organ
kits in the UK, have been ap-
pointed marketing agents for
Heathkit Electronics. Both com-
panies and you and I come out on
top - Heathkit broadens its sales
representation, Aura Sounds ex-
pands its kit business and
Heathkit products are a little
more widely avaiable to the likes
of you and me.

Hard Wire
Side Cutter
A new specialist side cutter forA use in the electronics and

electrical industries is now
available from CeKa. Its hard
wearing tungsten carbide tipped
cutting edges provide the tool
with long working life and cutting
capacities of, for example, 0.6 mm
on piano wire and 1.6 mm on hard
electrode wire. The cutter is 41/2"
in size and is box jointed for exact
location, flush cutting and the
prevention of cutting edge
overlap. A smooth and controlled
action while cutting in sensitive or
confined situations is achieved by
double leaf return springs. The
cutter handles are covered by
moulded black PVC grips. In addi-
tion to cutting hard wires, CeKa
states that use of the side cutters
continually on ordinary soft wire
will make its working life almost
indefinite. The RRP of the CK
Precision Side Cutter is £19.40
plus VAT. The address is CeKa
Works Ltd, Pwllheli, Gwynedd,
North Wales.
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WATFORD ELECTRONICS
ETI DIGITAL TEST METER (Sept. 1980)

We supply all the parts for this low cost, high performance. easy to build LCD Multimeter with
frequency readout.
(Send SAE for parts list).

ommommomi
WATFORD'S
BOOKSHOP

CORNER (No VAT on
6001[11)

Silicon Chip & You 250p
Future Wrth Microelec-
iromcs 430p
Illustrating BASIC 280p
Programming in BASIC
for Business 690p
BASIC Computer Games

590p

Full ASCII Coded 56
Key

KEYBOARD Typo 756
Only £39.95 (Ind data)

KEYPAD 4.4 matrix
Reed Switches E3.50

Some Common BASIC
Programs 750p
32 BASIC Programs for
PET 1050p
Z80 Assernbl. Lang. Pro-
gramming 890p
Z80 Microcomputer
Handbook 760p
6502 Assmbl. Lang
Programming 890p
0202 Programming the
6502 820p
6502 Applications Book

850p
Practical Intro to
PASCAL 500p
TTL Cook -Book 700p
CMOS Cookbook 750p

(p&p please add 50p)

ASTEC RF Modulators
250

Special Widebandwidth
for Computers 470

Sound Modulator 250

DIL SWITCHES
4 -way SPST 85
6 -way SPST 95
8 -way SPST 115
RELAYS
RL6 SPCO 175
RL6813PCO 215

SWITCHES
TOGGLE 2A. 250V
SPST 2Sp
DPST 34,
DPDT 3/80

pole on/off 54p

SUS -MIN TOGGLE
SP changeover 59p
SPST on /off 54p
SPST biased 85p
DPDT 6 tags 70p
DPDT centre off 79p
DPDT biased 116p

6L1DE 250V:
IA DPDT 14,
16 DPDT c/over
5SADPDT 13p
4 pole 2 -way 24p
POSP60*361
DPDT Black Body
Red. Blue. Grn Yell.
SRL Latching 125p
SRM Momentary

125p
MINI. Non Locking
Push to Make 15p
Push Break 211,
Push to c/over 115p

ROTARY: Make your own multfway Switch
Adjustable Stop Shafti g Assembly. Accom-
modate up to 6 Wafers 90p
Mains Switch DPST to it 40p
Break Before Make Wa era 1 pole/ 12 way
2p/6 way. 3p/4 way 4p/3 way 6p/2 way

56p
Spacer and Screen Sp
ROTARY: (Adjuotoblo Stop)

1 pole/ 2 to 12 way, 2p/2 to 6 W.V. 3
pole/ 2 to 4 way, 4 pole/ 2 to 3 way 43p
ROTARY: Mains 250V AC. 4 Amp 52p

CRYSTALS
100KHz 323

TRANSFORMERS (Maim Prim 220-2406)
6-0-6V. 9-0-9V. 12-0-12V 100mA 115p .

3VA: 0-66 0-6V (PCS mounting) 150p

ALUM.
BOXES

PANEL
METERS

455KHz 383 SVA: 6V- 5A 66-.5A: 95-.46 9V -.4A, 12V- 3A WITH LID FSD
1MHz 323 12V- 3A, 156..25A 155-,256 215p 9 60.46x
1.008M 395 12V: 4.55.1.36 4.56-1,3A, 6V -1.2A 6V.1 26. 3.2.1" 55 35rnm
1.28MHz 392 125-.56 1211-.56, 151/-.46 155  46; 205. 3A 2%6'4411/2" 0-50pA
1.6MHz 323 206-.3A 235p (30p p&p) 75 0-100,4

.1.8MHz 323 24VA: 65-1.56 6C-1.56; 9V -1.3A 9V -1.3A. 4.14x11/2" 76 0-500,4
1.8432MHz 362 12V -1A 12516; 1511-.86 15V -.BA; 205..66 4x2501115" 75 0-11W1
2.4576MHz 362 201/...6A 320p (55p p&p) 4)(51/40 Vs" 90 0.5rnA
3.2768M 323 ISOVA 6V -4A BV -4A: 9V -2.5A 95.2 5A: 12V -2A 47(21/242" SO 0.10rnA
3.57954M 195 126.2A; 155-1.511 15V -1.5A; 205.1.2A 20V. 5a442" 107 0-50mA
4 0003Aliz 290

1 2A: 2511-16 256-16, 306-.86 305-.8A 61(42" 110 0-100mA
4.032MHz 323 355p (60p p&p) 7e51121/2" 145 0-500mA
4.433619M 135 100VA: 12V -4A 126-4k 15V -3A 15536. 81(643" 185 0-16
5 OMHz 355 20V -2.5A 205-2.56: 306-1.5A 30V-1 56. 10N7x3" 240 0-2A
5.185M 323 406.1.25A 406.1.25k 50V -1A 505-1A 695p 10a41/443" 228 0-255
5.24288M 425 (74p p&p) (NB p&p charge to be added above 12.5.3" 230 0-505 AC
6.0N1Hz 323
6.5536M 200

our normal postal charge I 12.80" 275 0.300V AC

7.680M 323
8.0MHz 392 VOLTAGE REGULATORS OPTO

VU
.4450 each.

8.08333M 362
8.867237M 362
9.375M 323
10 OMHz 323

IA 703
5V 7805 175p 7905 220p

12V 7812 176p 7912 220p
15V 7815 176p

LEDs wilh Clips
TIL209 Red 13
TIL211 Gm. 17
TIL212 Tel. IS

41/4.35..1 '9"
0-50sA
0-100sA
0-500a A10.7MHz 323 18V 7818 1756 TIL220 2" Red 14 595p each12MHz 392

14.31818M 362
18MHz 323
18.432M 323
20.0MHz 3234
27.648M 323
38.6667M 350
48 OMHz 323
100 COMHz 323

IA T0220
5V 7805

12V 7812
15V 7815
18V 7918
24V 7824
100mA 1092

5V 78L05
6V 78L62

Plastic Casing
SOp 7905 55p
SOp 7912 85p
60p 7915 65p
SOp 7918 65p
60p
Plastic Casing
30p 791_05 65p
30,
30p
30p 79L12 656
30p 79L15 556'

2- Green,
or Amber
Square
Green.
LD271
SFH205
TIL32
TIL 78
BARGRAPY.
segments

LS400
OCP71

Yellow
18 7 Segment Display.

LEDs, Red. TIL307 675
Yellow 30 TIL 12 .3" CA 105
Infra Red 40 TIL313 3" CC 105
Detector ill TIL 21 5" CA 115

Infra Red 65 TIL 22 5" CC 115
Detector 75 DL 04.3" CC 99

Red 10 DL707 .3" CA 99
226 DI. 47.6" CA 180

8" Orange CA 250
255 FND357 Red 120
120 FM3500 115

ETI Projects:
Parts available

85 78L82
12V 78L12
15V 78L15

for. Digital
Test Meter,

.DM900, 60W

LM 300H 170p LM327 270p
LM305H 140p LM723 38p
LM309K 135p TM550 50p
L M31 7K 950p TBA625B 95p

ORP12 63 3" Green CA 150
ORP61 66 6" Green CA 2152N5777 46 3" In Red CA 150

3 VS Green CAAmplifier LM323K 510p TDA1412 150p ISOLATORS 150System. Send 161325N 3190p 78H05 + 5V/ 5A IL74 55 DVM176 1750
SAE plus 5p
for list.

LM326N 240p 595p
78HG +5V to +25V
56 650p

TIL111/2 86
011114 9 LCD 31/t Digit 875TIL117 1105 LCD 4 Digit 975

15257 115 LS384 SO 4021 105 4060 130 4411 1020 4 530 89
LS258 120 LS385 420 4022 95 4061 1225 441 2F 1520 4531 165
LS259 180 LS386 85 4023 25 4062 995 441251520 4532 140
LS261 450 LS390 140 4024 75 4063 120 4415F 1150 4534 575
LS266 75 LS393 140 4025 25 4066 58 4 41 5V 850 4536 395
LS273 180 LS395 210 4026 180 4067 430 4419 320 4538 160
LS275 320 LS396 199 4027 48 4068 26 4422 570 4539 135
LS279 88 LS398 276 4028 82 4069 26 4432 1050 4541 150
LS280 250 LS399 230 4029 105 4070 30 4435 1 050 4543 175
LS283 190 LS445 140 4030 60 4071 25 4440 999 4549 296
15290 130 LS447 195. 4031 225 4072 25 4450 350 4553 440
LS293 130 LS490 1 SO 4032 125 4073 25 4451 350 4554 175
LS 295 215 LS668 105 4033 175 4075 25 4452 4555 85
LS298 215 LS669 105 4034 210 4076 99 4490F 750 4556 75
LS299 420 LS670 270 4035 125 4077 48 4490V 750 4557 425
LS300 175 LS673 750 4036 365 4078 30 4501 28 4558 130
LS302 175 L 5674 850 4037 115 4081 28 4502 125 4559 290
LS320 270
LS323 450
LS324 200

4036 018
4039 360
4040 105

4082 28
4066 90
4()86 90

4503 75
4506 75
4507 60

4560 235
4561 95
4562 595CMOS

LS325 320 4000 18 4041 80 4089 150 4508 325 4566 190
LS326 330 4001 18 4042 80 4093 89 4510 99 4568 299
LS327 315 4002 24 4043 95' 4094 240 4511 150 4569 250
LS346 185 4006 92 4044 95 4095 105 4512 98 4572 48
LS347 150 4007 22 4045 175 4096 105 451 3 225 4580 595
LS 348 190 4008 82 4046 130 4097 350 4514 265 4581 350
LS352 185 4009 40 4047 98 14098 115 . 4515 299 4582 150
LS353 185 4010 48 4048 65 4099 190 4516 120 4583 125
LS355 65 4011 24 4049 45 4160 125 4517 450 4584 64
LS366 65 4012 24 4050 48 4161 125 4518 105 4585 140
15367 65 4013 45 4051 80 4162 125 4519 70 40106 95
LS368 65 4014 85 4052 80 4163 125 4 520 115
LS373 180 4015 85 4053 80 4174 130 4521 250
LS374 180 4016 42 4054 130 4175 120 4522 150
15375 150 4017 82 4055 135 4194 125 4526 150
LS377 199 4018 28 4066 135 4408 790 4527 180
LS378 185 4019 48 4057 2650 4409 790 4528 120
5379 215 4020 99 4059 575 4410 790 4529 175

Top of all systems
tested twmdependent

national aulhonny
July 79

C300IES200
high performance electronic ignitionjo add power,
economy, reliability, sustained smooth peak perfor-
mance, instant all weather starting, to your car.
Surefire has sold in its thousands in ready made form from big
name accessory firms, but it is now available in quality kit form to fit all
vehicles with coil ignition up to 8 cylinders.

ES200. A high performance inductive discharge ignition incorporating)
a power integrated circuit (special selection): electronic variable dwell
circuit (maximises spark energy at all speeds): pulse processor
(overcomes contact breaker problems). Coil governor (protects coil).
Long burn output. Negative earth only. Compatible with all rev. counters
C300. In it's ready built form (C3000) it came top of all systems tested
by an independent national authorityJuly '79. A high energy
capacitive discharge ignition incorporating a high output short circuit
proof inverter, top grade Swedish output capacitor, pulse processor
circuit, transcient overload protection. Fast rise bidirectional output
ideal for fuel injection, sports carburation, oily engines. Compatible wit),
most rev. counters. (Low cost adaptors available for rare cases.
Application list enclosed with each kit. Note: Vehicles with Smiths/
Jaeger rev. counters code RVI on dial will require adaptor type TCI).
What's in the kits. Suref ire's own precision anodised aluminium
extruded case. P.C. mounted security changeover switch, static
timing light. Special selection Motorola semi -conductors. Capacitors.
resistors etc. selected after 5 years experience. Glass fibre pcb, solder,
complete down to last washer.
Fully illustrated comprehensive instruct 'e,
and full technical back up service,

Suretron Systems (UK) Ltd. Dept. ETI6

Piccadilly Place, London Rd., Bath BA16PW. Tel: Bath (0225) 23194

Name

Address

'Phone order with Access Barclaycard
VAT and P & P Inc

Quantlty
required

ES200: Neg 1 £13£1- £11.95

C300. Pos ÷ f1,46. £15.95

C300: Neg ÷ f Pk% f 15.95

Tacho Adapt. TC1 £3.90

,,,,

Chq No.
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NEWS

ETI NEXT MONTH
October issue on sale September 6th - Don't miss out order your copy today.

FM Radio Control

In the course of the past year you've seen all the others produce radio control projects.
You've also seen them make a right mess of the idea!

Next month ETI presents the definitive FM, easy -to -build, every -home -should -have -
one, radio control. We won't spin it out over 10000 issues either, our circuit is sufficiently
refined for us to be able to present full details in one issue!

If you're at all intrigued by controlling things at a distance ETI October is the place to
be.

Fuzz Sustain

Brilliantly innovative project to please all of the guitarists, all of the time. This nifty little
box can provide a really rich fuzz sound and/or a true sustain. We stress the 'true' because
there have been some attempts to pass off things which are decidedly second-rate before
now. As usual ETI gets it right! Inexpensive, ingenious and simply magnificent are words
which could well apply to this our latest musicians project!

Don't miss it lest your plectrum gets lonely!

Circuits Circuits And More Circuits
Spot Designs is our new 'tried and tested' circuits features. All the ideas presented have
been built and proven - so it is not surprising that this is already a popular new addition
to ETI. Next month we're presenting six pages of this top -class ideas material, in response
to the many requests to increase the size of the feature.

This is a 'special' one-time only offer so don't get left out circuitless!

Universal Cassette Interface

Into micros? Then ETI has something a little bit special for you next month -a tape inter-
face with switchable baud rate and flexible I/O. It can be run with any system and any
tape machine (within reason) and offers all the benefits of being able to save programs on
tape at a ridiculous price! Miss this and your fingers will undoubtedly drop off typing!

Einstein Relatives
Yep. The feature you said we would never do. A clear easily understood explanation of
the Special Theory of Relativity. This is the topic that those smug little physicists are
always telling us humans we can never hope to comprehend. Well we can. Just read ETI
next month and see for yourself.

Also Appearing
Taking part in next month's production we also have: a Bench Amp for the experimenter;
a review for the H P-41 C alpha -numeric calculator; an audio signal generator; a flash trig-
ger for quick -off -the -mark photographers plus, of course, al Four usual brilliant regulars.
It's got to be worth the mere 60p we ask in exchange!

Articles mentioned herein are in an advanced state of preparation. However, circumstances may dictate changes to the tinal contents.
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FEATURE

HEAD AMPLIFIER
DESIGN
If you've taken the plunge into moving coil cartridges and you're
looking around for a head amplifier, Andy Sykes of Videotone explains
how you can design your own.

or those of you not yet smitten by the all consuming Hi-Fi
bug, a 'Head Amplifier' is not the latest tool for psycholo-
gists. The term is borrowed from the telecommunica-

tions industry where a preamplifier sited at the mast head is
sometimes used to boost the received RF signal in areas of
poor signal strength.

Over the past five years there has been a tremendous up-
surge of interest in new methods of extracting the musical in-
formation from the depths of the record groove. Along with
this has come a re -appraisal of the relative merits of the mov-
ing coil and moving magnet pickup cartridges. Each has a
great deal to recommend it and we should start by comparing
the two, albeit briefly.

The principle of operation is the same, ie a current is induc-
ed in a coil by a (relatively) moving magnetic field. In the mov-
ing magnet type it is, as the name suggests, the magnet that
moves because it is mounted on the opposite end of the can-
tilever to the stylus.

Mass Tendencies
This system works well, but the mass of the magnet/stylus

assembly has a nasty tendency to resonate within or just
above the audio band. With careful design this effect can be
minimised, but some colouration of the sound still occurs.
Another problem is that the high impedence of the cartridge,
due to the high number of turns required to achieve a usable
output, also causes matching problems, lending to high fre-,

quency losses in the signal lead capacitance.
Despite all this, excellent results are achievable for a

moderate cost and it worth noting that the most competitive
area for moving magnet cartridges is between £15 and £25.

Role Playing
Recent developments in technology, however, have made

possible an effective reversal of the roles of magnet and coil,
neatly overcoming the problems just mentioned, as it is now
the coil which moves, inside a static magnetic field. (it is only
fair to mention at this point that Ortofon have been producing
very underated moving coil cartridges for many years and are
generally considered to be the pioneers of the field). The coil
can be made very light, reducing the resonance problem and
the output impedance is low due to the small number of turns
used, which cures the lead losses.

All is not quite sweetness and light, however, as the system
brings its own set of problems, which can be summarised as:

1. Low output - 150uV nominal
2. Very low source impedance
3. Expensive to manufacture

These problems can be overcome at a price, however, and if it
is perfection for which you strive, the moving coil cartridge
can be considered the best method of transferring data from
the record to your ears at present. It is interesting to note that
most of the current batch of professional Hi-Fi reviewers use a
moving coil cartridge against which others are judged. ,-110.-
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Coming Up in the World
A step up device is required to match the low output im-

pedance of the cartridge and to raise its meagre output to a
point comparable with the universal moving magnet input or
amplifier at approximately 5 mV. One way to achieve this is by
the use of a matching transformer similar to those used with
low impedance microphones. This solution, however, brings in
problems such as secondary load matching, third harmonic
distortion, frequency response limitations and hum pickup, all
of which require careful and thus expensive design to over-
come successfully. An active amplifer is a more cost effective
(the watchword of the eighties) solution and has the added ad-
vantage of being within the design capabilities of the home
constructor.

Design Criteria
The criteria to be considered in the design of such a

preamplifier are primarily noise, frequency response and
distortion.

If we consider a general MC (Moving Coil) cartridge with
an output of 150 mV, source impedance of 10 R, and frequen-
cy response of 20 Hz to 25 kHz, a matching head amp would
have to have at least the following characteristics to achieve
Hi-Fi standards:

1. Gain x30 for nominal 4.5 mV output into 47k
2. Signal to noise ratio better than 60 dB
3. Distortion less than 0.05%
4. Overload factor better than 40 dB
5. Frequency bandwidth better than 20 Hz to 20 kHz

The input impedance should theoretically be the same as
the cartridge source impedance for maximum power transfer,
but it has been argued that MC cartridges work best into loads
somewhat higher than this, as it reduces the power dissipation
in the (cartridge) coil. Manufacturers differ widely in their
recommendations for input impedance, but values between
100R and 470R are most commonly quoted. These values are
normally determined by audition, but in my experience strict
adherence to the recommended value is by no means as im-
portant as one is lead to believe, the differences in sound being
more likely due to circuit variation than to mismatch. A good
general purpose design should, therefore, be suitable for all
MC cartridges.

MILLER
CAPACITANCE

Fig.1. Equivalent noise circuit for a bipolar transistor.

Noise Model
Noise can be thought of as an additional voltage appear-

ing at the input of an amplifier, the ratio between this voltage
and the input signal voltage being the measured signal to noise
ratio. It is assumed in this model that all noise introduced by
the amplifier is added to this input noise voltage and that
subsequent amplification of both signal and noise takes place
equally and noiselessly. If we wish to achieve a signal to noise
ratio of better than 60 dB, this implies an equivalent input
noise voltage of around 150 nV. As a comparison, a moving
magnet input stage with a signal to noise ratio of 80 dB would
have an input noise level of 450 nV and only the very best
amplifiers ever achieve anything like this kind of noise figure.

There are three main sources of noise in a transistor
amplifier; thermal noise, flicker noise and shot noise. The first
two are common to all electronic components, both active
and passive, whereas the last is produced in active devices on-
ly. Without getting too bogged down in semiconductor
physics, shot noise is caused by random fluctuations in the dif-
fusion of minority carriers at the base/emitter junction of the
transistor and also by recombination effects within the base
region.

Suffice it to say that this type of noise is proportional to the
emitter current flowing through the transistor (or diode) and is
broadband. Flicker noise is present in semiconductors,
resistors and thin metal films, and is produced by skin effects
in the surface of the conducting regions of the device. The
noise level depends upon the material, but is typically propor-
tional to 12/F, where I is the current flowing, and is thus often
called 1/f noise. Thermal noise is, as the name suggests, pro-
duced by thermal agitation within the component material
and is again broadband in character and proportional to the
temperature of the device. The level of noise can be
calculated from the equation

e2 / 4KTBR
where e= generated noise voltage

K = Boltzman's constant
B= frequency bandwidth over

which to noise is measured
T = temperature in degrees

Kelvin
R = the resistance value

Armed with this knowledge, the potential noise generated
by any component used in our proposed head amp can be
measured and steps taken to reduce its contribution to the
total noise produced by the circuit.

In general there are four ground rules which should be
followed to help achieve good performance.

1. Choose low noise components
2. Pay careful attention to transistor biasing

arrangements
3. Keep resistor values as low as possible
4. Pay careful attention to avoid the pickup of exter-

nal noise sources
Couldn't be simpler could it?
Low noise types of resistors are metal oxide, close

tolerance metal glaze, or thick film. Avoid the use of large
electrolytics as the (inevitable) leakage currents generate
noise. Tantalum or polycarbonate types are best for the higher
capacitance values and polystyrene or silver mica the best
cost/size/noise level compromise for lower values. PTFE is the
best of all, however, but tends to be on the expensive side. The
noise levels produced by transistors are normally obtained
from the manufacturer's data and there are several factors to
be considered.
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Fig.2. Noise curves for the BC41 3.

Equivalent Thinking
If we refer to the equivalent circuit for a transistor in com-

mon emitter configuration shown in Fig.1, and then consider
the various noise sources contained within this circuit, a
mathematical expression for the total noise generated can be
derived. The exact form of this equation requires far too much
deep thought for us to deal with it in detail here, but note that
both noise voltage and noise current terms would be involved.
It is also immaterial because transistor manufacturers are kind
enough to measure it for us and provide noise versus frequen-
cy, and noise versus source resistance plots which take the
general form shown in Fig.2.

The overall noise level is dependent upon the collector
current flowing and for the lowest noise there is an optimum
source resistance.

For use in our head amplifier this should ideally be the
same as the source impedance of a moving coil cartridge,
about 10 R, but due to the need to optimise other parameters it
is more likely to be between 1k and 10k for a typical audio low
noise transistor. This is because the vast majority of uses for
these devices involve higher source impedances, ie 47k and
the manufacturers do not see sufficient market to justify the
production of a special low noise, low source resistance type,
except, that is, for the ever -industrious Japanese.

A Nipponese semiconductor firm recently introduced the
answer to the head amp designers dreams with a range of low
noise transistors with optimum source resistances as low as
2R!

This ability to cobble up a special device to order, where
no standard model is adequate, is one reason why the
apanese rule the audio kingdom.

Phenomenal
All is not yet lost, however, as there are two phenomena

which may be used to advantage when designing a low noise
amplifier with standard components. The first is that some
medium power transistors exhibit better noise figures when
driven from a low source resistance than normal low noise,
low level types. This is mainly due to the need to keep rbblow
(see Fig.1) in order to obtain good hfe figures when operating at
relatively high collector currents (values between 1 mA and 10
mA are common), which tends to rule out battery operation.

This brings the additional problem of the mains supply, of
which more later. Suitable transistors for this type of use are
2N4405 or BC361, both of which have been successfully used
in commercial designs.

The second possible answer is the use of a parallel tran-
sistor stage. This is where several transistors are wired in
parallel, obvious really isn't it? The main advantage of which
lies in the fact that in common emitter mode the base/emitter
junctions are in parallel and thus the noise currents and
voltages produced by each transistor are summed together,
see Fig.3. The basic rule for Communications Engineers con-
sidering the noise levels of their systems is that noise signals
from several separate sources, feeding into a common input,
add by power.

Therefore, the total noise voltage for our parallel stage will
be given by the equation Ent= En/N where N is the number of
transistors. Similarly the total noise current will be given by
Int = N In. Now the best noise course resistance for a transistor
is given by Ro= En/In and so for our parallel stage this is
Rot= Ent/Int= Ro/N. Rot is thus dependent upon the number
of transistors used in parallel, the greater the number used the
lower the best source resistance becomes.

Via

0

Ent

Ent

Eno 6 6 6
1111 1112 1113 1114

Vo,,t

Fig.3. Noise model of parallel stage.

0

Let us now consider a typical low noise transistor with a
best source resistance of 2k to be used with an MC of source
impedance 10R. The number of parallel transistors required
for the best match is given by 2000/10 = 200. This is clearly im-
practical for reasons of cost, the physical space required and,
more important, the high value of Miller capacitance that
would result. As can be seen from Fig.1, the Miller capacitance
introduces feedback between the collector and base of the
transistor and is the factor which limits the high frequency
response. It would be a major problem if this many transistors
were used. In practice eight transistors seems to be the best
compromise and is the number most commonly used. Even so
it is important to choose a transistor with both a low best
source resistance and a good Ft if good results are to be obtain-
ed. The Ft of a transistor is the frequency at which the gain
becomes unity and should be in the region of 200 MHz.
Suitable types for this type of use are BC413, BC415, BC337,
2N4148. mow.
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Circuit Options
So much for the theory, we come now to consider the op-

tions open to us, in terms of the circuit configurations, which
may achieve the required specifications for our Head
Amplifier. Something to remember here is that any biasing
components used will also add to the noise. Take a standard
common emitter circuit, for example, with feedback to
counteract thermal changes as shown in Fig.4. The noise
voltages produced by R1, R2 and R3 all Contribute to the
overall noise of the stage. The base bias resistors are par-
ticularly important as their noise voltages are effectively in
parallel with the input signal and will be amplified by such.
The contributions of these biasing components can be reduc-
ed by decoupling as shown in Fig.5. The biasing under DC con-
ditions remains the same, but the equivalent noise circuit is as
shown.

Note that only the noise associated with R3 will contribute
to the input noise and this may be made low in value reducing
the thermal noise from this component.

Fig.4. A standard common emitter circuit.

These examples serve to illustrate the principle because a
single stage circuit is unsuitable for use as a high quality Head
Amp. The main reasons for this are the variations irrgain due to
the spread of Hfe values in any transistor type and the relative-
ly high values of distortion which are produced. Some form of
feedback is required to stabilise and reduce both these
parameters and, in general, at least a two stage circuit must be
used to produce an acceptable performance.

Controversial Distortion
There is no "best" circuit but there are, as always, some

points to bear in mind. In order to reduce the distortion to an
acceptably low level, a fair amount of feedback is required
and care should be taken to avoid Transient Intermodulation
Distortion (T I D). This particular form of distortion has proved
to be somewhat difficult to define rigorously and there is not
an inconsiderable amount of controversy as to exactly what it
is and how to avoid it.

Nevertheless it is generally accepted that TID is reduced
by ensuring that any amplification stage has a greater gain
bandwidth than the stage preceeding it. TID also depends on
the amount of overall feedback applied around the circuit and
careful design of each individual stage to control the amount
of harmonic distortion produced will reduce the amount of
overall feedback required and hence reduce the circuit
susceptability to TID.

0 -II

R1

R3

Vin

0 T
R2

Fig.5. Low noise base bias circuit.

C

0
+Ve

R3 R1+R2

Vout

ov
0

Breakthrough
The frequency response of the design is also important for

two reasons. Apart from the obvious need to keep it wide
enough to encompass the whole audio band (traditionally 20
Hz to 20 kHz), it also plays a part in the circuit's susceptability
to Radio Breakthrough. This is a problem because of the high
sensitivity of the front end coupled as it is to what is in effect a
tuned circuit made up of the cartridge inductance and the in-
put capacitance. My extensive, but completely unintentional,
researches into this subject have shown that the two most
popular sources of RF interference are Radio 4 at 200 kHz and
the local Police/Fire/Ambulance/Taxi Services at anything bet-
ween 90 and 120 MHz, though the latter is normally only a pro-
blem if the offending transmitter is passing close to your Hi-Fi.
So, don't put your new moving coil set-up in the front room,
folks, if you live on a busy road. The installation of a Mu metal
garden gate and front door might also help (for explanation of
Mu metal see Hums). Another potential source of RF comes
from Citizen's Band transmitters on 27 MHz. But as we all
know these are illegal in this country and so nobody really uses
them, they just install them in their cars for show.

The offending RF signal is normally received by the first
stage acting as a simple diode detector and can be tackled by
careful attention to earthing and by the provision of RF filters
in the input and supply lines. The input loading capacitor pro-
vides good RF decoupling only if a type with good high fre-
quency characteristics is used. Ferrite beads on the input con-
necting leads can also be used to increase their inductance.

Breakthrough occuring from supply line pickup requires
further decoupling to eliminate it. Large electrolytics have a
substantial impedanCe at high frequencies and so should be
shunted by a capacitor with better characteristics. A 100n
ceramic is suitable here and a small inductor in the supply line
is also good practice.

Passing the Buck
Another method of avoiding breakthrough is to make the

bandwidth of the head amp wide enough to include any
potentially troublesome frequencies. A bandwidth of, say 10
MHz, would include most national AM stations and any signal
picked up would simply be amplified without being detected
and passed into the main amplifier. This is known as "passing
the buck" in the trade and relies upon the better RF rejections
characteristics of the R IAA equalisation stage.
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And so to Details
A typical two stage amplifer is shown in Figs. 6 and 7. These

are of the common emitter/emitter follower and common
emitter/common emitter types respectively and serve as good
examples of typical designs. Both circuits are direct coupled
and have overall negative feedback to set the required gain
and reduce distortion.

0

V in

0

NN'V`
Rb

0
+Ve

RbGAIN= ----
R1

11-0
Vout

ov

Fig.6. Common emitterlemitter follower amplifier configuration.

0

The effect of temperature on biasing is also minimised and
note that the low noise method of biasing is used in Fig.7. To

should
be kept as low in value as possible, preferably around the
1-10R mark, though this is only practicable in the latter circuit
as R1 in Fig.6 is also the input impedance presented to the car-
tridge and thus should be somewhere near 100R.

This resistor is in series with the base of the first transistor,
however, and as this is probably near to the best source
resistance for this stage, assuming the use of parallel tran-
sistors, can provide a trade-off with the noise contributed by
the relatively high values of the feedback components.

0 -IF
V,n

Rb

0

Fig.7. Common emitter/common emitter amplifier configuration.

4 -VP

Rb 4R1
GAIN -

R1

PROVIDED
(R1+Rb;. R2

1-0
Vout

oV
0

When using low feedback resistor values make sure that
there is sufficient drive capability in the circuit. A feedback
resistance of 1OR in Fig.7, for example, will require a drive of
100 mA for a 1v swing and would, therefore, require the use of
a medium power transistor in the second stage.

This component may also contribute its fair share of noise
and some degree of experimentation will be required to reach
the best compromise.

Fig.8. Differential input circuit.

Redundant Capacitor
A differential input stage as show in Fig.8 may be used to

great effect. The input is referenced to signal earth,
eliminating the need for an input capacitor. The resistance to
supply -borne interference and hum is also greater with this
kind of configuration and can be further improved by replac-
ing Re with a constant current generator.

This is just as well because the need for a differential supp-
ly makes battery operation expensive and somewhat imprac-
tical.

Fig.9. Differential input with op amp.

A second gain stage may be added to increase the amount
of feedback applied and so reduce distortion. This may be
another differential stage or even an operational amplifier
(Fig.9).

This latter option may suffer a noise penalty due to the in-
herent noise output of the op amp but there are some good
low noise types now available, such as the TDA1034N and
TL071.

Next month we bring Andy Sykes' dissertation to a close with Part 2 of all you
need to know about head amplifier design.
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Simply ahead ..

\ i POWER AMPLIFIERS
ILP Power Amplifiers are

010
p  1KH2encapsulated within LOAD  80 ON ALL

heatsinks designed to .
005,EXCEPT HY400 AT 4 LI

START OF WAVE /meet total heat ' FORM CLIPPING
dissipation needs. They

1 / i
are rugged and made to 002 k.......... '4 9slast a lifetime. Advanced
circuitry ensures their 001

suitability for use with the
finest loudspeakers, pick-
ups, tuners, etc. using
digital or analogue sound
sources.

0 5 1 2 5 10 20 50 100
OUTPUT POWER -WATTS R M S

250

Model
Output
Power
R.M.S.

Dis-
tortion
Typical
at 1KHz

Minimum,
Signal/
Noise
Ratio

Power
Supply
Voltage

Size
in mm

Weight
in gms

Price +
V A.T.

H Y30 15 W 0 02% -20 -0- +20 105x50x25 155 £6.34
into 8 ,S2

100 dB
+ 95n

H Y50 30 W 0.02% -25 -0-+25 105x50x25 155 £7.24
into 8 CZ 100 clE1

-.- E 1 09

HY120 60 W 0.01% 100 dB -35 -0- +35 114x50x135 575 £15.20
into 8 E2 ., E2 28

HY200 120 W 0.01% 100 dB -45 -0 45 114x 50x85 575 £18.44
into 8 2 + E2 77

HY400 240 W , 0.01% 100 dB -45 -0 45 114x 100x85 1 15Kg £27.68
into 4 il . £4 15

ILP PRE -AMPS ARE

COMPATIBLE WITH ALL

ILP POWER AMPS AND PSUs

POWER SUPPLY UNITS

Load impedance - all models 4 n - oc
Input sensitivity - all models 500 mV
Input impedance - all models 100K Cl
Frequency response - all models 10Hz - 45 KHz - 3dB

ILP Power Supply Units with transformers made in
our own factory are designed specifically for use
with ILP power amplifiers and are in two basic
forms - one with circuit panel mounted on con-
ventionally styled laminated transformer, for PSU
30 and 36 - in the other, for larger PSUs, ILP
toroidal transformers are used which are half the
size and weight of laminated equivalents, are more
efficient and have greatly reduced radiation.

PSU 30 - 1 5V at 100mA to drive up to 1 2xHY6 or
6xHY66 £4.50 + £0 68 VAT

THE FOLLOWING WILL ALSO DRIVE ILP PRE -AMPS

PSU 36 for 1 or 2 HY3Os £8.10 + £1 22 VAT
PSU 50 with toroidal transformer for 1 and 2

HY5Os £9.75 + E1 46 VAT
PSU 60 with toroidal transformer for 1 HY1 20

£9.75 + E1 46 VAT
PSU 70 with toroidal transformer for 1 or 2

HY120s £13.61 + E2.04 VAT
PSU 90 with toroidal transformer for 1 HY200

£13.61 + £ 2 04 VAT
PSU 180 with toroidal transformer for 1 HY400 or

2xHY200 £23.02+E3 45 VAT

AVAILABLE ALSO FROM WATFORD ELECTRONICS, MARSHALLS AND CERTAIN OTHER SELECTED STOCKISTS.
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this time with two
new pre -amps

TAPE IN)

TO7
AUX )

RAD

MAC

GND

LTAPE

MONITOR
SWITCH

VOLUME
100N LIN

SOURCE
SWITCH

I L P POWER
SUPPLY UNIT

0-

SCHEMATIC BLOCK DIAGRAM
OF HV6 PRE AMP, WITH
STEREO CONNECTION SHOWN

HY6 mono HY66 stereo
When ILP add a new design to their audio -module range, there have to be very
special reasons for doing so. You expect even better results. We have achieved
this with two new pre -amplifiers - HY6 for mono operation, HY661for stereo.
We have simplified connections, and improved performance figures all round.
Our new pre -amps are short-circuit and polarity protected; mounting boards
are available to simplify construction.
Sizes - HY6 45 x 20 x 40 mm I HY66 90 x 20 x 40 rem Active Tone Control
circuits provide t 12dB cut and boost. Inputs Sensitivity Mag PU - 3mV
M,c -- selectable 1 12mV All others 100mV Tape 0/P 100mV
Main 0/P - 500rnV: Frequency response - D C to 100KHz 3dB

H Y6 111()11,)

£5.60
+ VAT 84p

HY66 stereo

£10.60
+VAT (1.53

Connectors Included
B6 Mounting Board
78p + 12p VAT
B66 Mounting Board
99p+ 15p VAT

 LOW DISTORTION  Typically 0.005%

I. S/N RATIO- Typically 90dB (Mag. P.U.-68dB).

ig HIGH OVERLOAD FACTOR -38 dB on Mag. P.U.

lin LATEST DESIGN HIGH QUALITY CONNECTORS.

 REQUIRE ONLY POTS,SWITCHES, PLUGS AND SOCKETS.

 COMPATIBLE WITH ALL ILP POWER AMPS AND PSUs.

 NEEDS ONLY UNREGULATED POWER SUPPLY ±15V to *Soy.,

* ALL U.K. ORDERS DESPATCHED POST PAID
HOW TO ORDER, USING FREEPOST SYSTEM
Simply fill in order coupon with payment or
credit card instructions. Post to address as
below but do not stamp envelope - we pay
postage on all letters sent to us by readers of

journal.

IF
ELECTRONICS LTD.
FREEPOST 4 Graham Bell House, Roper Close,

Canterbury, Kent CT2 7EP
Telephone 10227) 54778 Telex 965780

CliD NIL yrs

HY66

NO QUIBBLE

5 YEAR GUARANTEE

7 DAY DESPATCH ON
ALL ORDERS

BRITISH DESIGN AND
MANUFACTURE

FREEPOST SERVICE

see below

Please supply

Total purchase price E

I encloseCheque E Postal Orders E International Money Order [I]

Please debit my Access/Barclaycard Account No.

NAME

ADDRESS

Signature

- IMM to.MIN IMO MI
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S PACK 7
ALL THE PARTS TO BUILD THE

PRACTICAL ELECTRONICS TRAVELLER
CAR RADIO

The pack contains all the electronic components to build the
radio, you supply only the wire and solder as featured in the
Practical Electronics March issue.
The P.E. Traveller features pre-set tuning with five push
button options, black illuminated tuning scale, with matching
rotary control knobs, one, combining on/off volume and
tone -control, the other for manual tuning, each set on wood
simulated fascia.
The P.E. Traveller has a 6 watts output, negative ground and
incorporates an integrated circuit output stage, a Mullard IF
module LP1181 ceramic filter type, pre -aligned and
assembled and a Bird pre -aligned push button tuning unit.
The P.E. Traveller fits easily in or under dashboards.
Complete with instructions.

R
NEW
12+12
AMPLIFIER KIT

An opponunity to build your net 12 watts per channels ere° amplifier
with up-to.the.mmule features. To complete you just so ply screws,
connecting wire and solder. Features include din inputs diets for
ceramic cartridge, microphone, tape or tuner. Outputs- ape, speakers and
headphones. By die press of a button it transforms into 24 wan mono
disco amplifier with twin deck ming The kit incorporat s a Mullard
LPI 183 pre -amp module, plus 2 power amplifier assem ly kits. Also
featured 4 slider level controls, rotary bass and treble controls and 6 push
button switches. Silver finish fascia panel with matching knobs. Easy to
assemble teak simulate cabinet and ready made metal work. For further
information ristructons are available price 50p Free ESize 91/4" x 81/4" x 4" approx with kit i3
NOTE: for use with 4 to 8 ohms speakers p&p (2.55 .95
TWO WAY SPEAKER KIT To suit above amp. Comprising 2,
8" approx Phillips base unit. and 2. 3Vc" approx tweeters with
2 :rossover capacitors £4.95 p&p f 1 65

Available only to first time purchasers of the 12 + 12 kit.

C

50 WATT MONO

DISCO AMP

f30.60
p&p (3.20

Size appro. 131/4" x 51/4" x 61/4"

50 watts rms. 100 wens peak output. Big features include two disc inputs,
both for ceramic canridges. tape input and microphone input Level mixing
controls lined with integral push-pull switches Independent bass and treble
controls and master volume

a  e
30 + 30 WATT STEREO AMPLIFIER

Viscount lb unit in teal simulate cabinet Silver finish rotary controls and
push bun ons with matching fascia. red mains indicator and stew lack socket
Functions switch for mic magnetic and crystal primps, tape tuner and auxiliary

Rear panel features fuse holder. DIN speaker and input socket 30  30 wens
RMS 60 n 60 watts peak for use with 4 to 8 ohm speakers
Sue 143/4" x 3"x 10" approx £32 90BUILT AND READY TO PLAY p&p (330

£10.5 p&p
£1 .75

CONSTRUCTORS PACK 7A
Suitable stainless steel fully
retractable locking aerial and
speaker (approx 6" x 4") is
available as a kit complete.
f1.95 Per Pack, p & p £1.00.
Pack 7A may only be purchased
at the same time as Pack 7.
NOTE: Constructor's pack 7A
sold complete with radio kit
f15.20 including p&p.

323 EDGWARE ROAD, LONDON W2. For Personal Shoppers Only.

21 E HIGH STREET, ACTON W3 6NG. Mail Order Only. No Callers.

Mullard
AUDIO MODULES IN
BARGAIN PACKS

CURRENT

CATALOGUE I
PRICE 2,4,*".
AT OVER "---- vitt
SPER PACK SEE OUR PRICES

1
PACK 1 2 x 1031 10w RMS output power audio amp modules,

1 LPI 182/2 Stereo pre amp for ceramic and auxiliary input

P 10

OUR PRICE&P

il
f5

ACCESSORIES ARE ONL Y
AVAILABLY 10 noose
CUSTOMERS WREN BUYING
OUR BARGAIN PACKS

.00
PACK 2 2 x LP1173 10w RMS output power audio amp modules

1 1P1184/2 Stereo pre amp for magnetic. ceraminc and auxiliary
inputs.

inn. OUR PRICE f 7.66 P&P (1.15

ACCESSORIES Suitable mains power supply pans. consisting of
mains transformer. bridge rectifier, smoothing capacitor and set of rotary
stereo controls Inc treble, bass,
volume and balance, f 3.00 Plus P&P (1.60
Two Way Speaker Kit Comprising of two 8" x 5" appro. 4 ohm
bass and Iwo Si" 15 ohm mid-'ange tweeter with two cross -over capacitors

Per stereo par
plus p&p fl 70 f 4.05

R
323 EDGWARE ROAD, LONDON W2
21 E HIGH STREET, ACTON W3 6NG

ACTON Mail Order only. No callers
ALL PRICES INCLUDE VAT AT 1501

All items subject to availability. Price collect
8 / 7 /80 and subject to change without notice

All enquires Stamped Addressed Envelope.
NOTE Persons under 16 years not served without parent's authonsation.

Mon -Sat
9.30am-5.30pm
Closed Thursday

f76.00 f4 00P&P

100 WATT MONO 6°'
DISCO AMP Brushed aluminium
fascia and rotary controls Size appro. 14- x 4" a ISA"
Frye vertical slide controls, master volume, tape level, mic level, deck level,
PLUS INTER OECK FADER for perfect graduated change from record deck No. Ito
No 2. or vice versa. Pre lade level control (PFL1 lets YOU hew next disc before
fading it m. VU meter monitors output level Output 100 watts RMS 200 watts pak

EMI SPEAKER BARGAIN('
Stereo pair 350 kit System consists of
13" x 8" approx woofer with rolled
surround. 31/2" Goodman tweeter
C10350., components and circuit
diagram Frequency response 20 Hz
to 20 KHz Power handling 15 watts WS
20 walls may
8 ohm impedance

f18.25
Per stereo pair
p&p (4.20

BSR P200
Belt drive chassis turntable f 25.50
unit semi -automatic, cueing device p&p (3.00
Shure M75 6 Magnetic Cartridge
to suit. £7.95

BSR recordManual d sineeckgsvl tplay
t o

return and cueing lever lined with stereo
ceramic cartridge 2 speeds with 45 r p m

spindle adaptor ideally suited Ism home

Or drSaa use r
II

c P&P
OUR PRICE I. f 2 75

PHILLIPS RECORD PLAYER DECK GC037
H,F1 record player deck, belt drive complete with GP401 magnetic
cadridge-LIMITED STOCK f 27.50
UNBEATABLE OFFER AT

BUYER COLLECT ONLY

BARGAIN OFFER
Ariston pick-up arm
manufactured in Japan.
Complete with headshell.
Listed price over £30.00.

Personal Shoppers EDGWARE ROAD LONDON W2 Tel: 01-723 8432 9.30am-5.30pm Closed all day Thursday ACTON: Mail Order only. No callers coons (*SPANK° TO MAINLAND AND N IRELAND cnnr
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CURRENT AFFAIRS
We seem to take for granted that circuits work, but why is it that
conductors, semi -conductors and insulators do just what their names
imply? A.S. Lipson takes us step by step through the whys and
wherefores of atomic structure.

Most of us are reasonably familiar with what electricity
is - the movement of electrons through a conduc-
tor. But there are some things that we tend to take for

granted. For instance, why is it that some materials, like
metals, conduct easily, whereas others - insulators - don't,
and still others - semiconductors - seem to be somewhere
in the middle; conducting, but not as well as metals? In order
to find out why, we'll first have to learn something about
atomic structure

First Theory
Essentially, the atom consists of a central, very small

positively -charged lump called the nucleus, surrounded by
negatively charged electrons. Many books - particularly old
ones - tend to give the impression that the electrons are just
like little planets orbiting a sun (the nucleus) and that the atom
is like a miniature solar system. This is wrong. Electrons do not
behave just like little billiard balls, or little solid lumps. It is in
fact more accurate (although not quite so simple) to visualise
the electrons in an atom as being spread out 'charge clouds'
around the nucleus, with most of this charge being concen-
trated at specific distances from the nucleus. The comparison
between the two points of view is made in Fig.1.

ELECTRON ORBITING
NUCLEUS

NUCLEUS

ELECTRON 'CHARGE -
CLOUD'

F ig.1 . A hydrogen atom according to (a) The 'Solar System' model (b) The 'Charge
Cloud' model.

The electrons within an atom can have different energies.
If they obtain more than a specified amount of energy (for any
particular type of atom), then they can actually break free
from the atom. It is clear that the more energy a particular
electron has within an atom, the less energy that electron will
need to have added to it in order for it to break away from the
atom; in other words, the easier it will be for that electron to
escape.

Conduction and Insulation
But what has all this to do with conduction of electricity?

In metals, some of the outer electrons present have quite high
energies within their atoms and, in a solid lump of metal, one
or two electrons from each atom are more or less free of their
own atoms, although they are held into the metal as a whole.
The positively charged ions left when electrons are removed
from atoms are packed closely together and, in between them,
the free electrons move about at random, (acting as a sort of
'atomic glue'). This negative charge attracts the remaining
positive charge on the ions, and holds the whole thing
together. (See Fig. 2.) The charge -clouds of all the free elec-
trons join together, and form what is often known as an 'elec-
tron sea'. Because of this structure - the way that they are
held together - metals can conduct electricity. Why?

POSITIVELY -
CHARGED

IONS

'ELECTRON
SEA'

F ig.2. The structure of a metal. Positively charged ions are surrounded by an
electron 'Charge Cloud'.
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Because of all those free electrons, which aren't held by any
particular atom, only by the metal as a whole. They are so
loosely attached that if you apply a potential difference
across the metal, they can drift along under its influence, and
so cause a current to flow. In insulators, on the other hand, the
electrons are held much more tightly by the atoms, there is no
'electron sea', and the atoms are bonded together by other
means. Consequently, if a potential difference is applied, the
electrons are unable to break free from their atoms, and so no
current can flow. Our problem is thus solved - we now know
how electrical current is conducted in metals, and why it isn't
in insulators. Or do we? This theory was widely accepted for
some time, and in fact it's still accepted as being broadly true,
but there are just one or two things it doesn't explain. Semi-
conductors, for instance? And why should metals hold their
electrons less tightly than non-metals? Our theory is obviously
incomplete..

The New Approach
It was the physicists (naturally . . ) to the rescue. So we

must once again return to the atom . . .

In the first decades of this century, a startling new branch
of physics - Quantum Mechanics - made its debut. This
was the work of several men, including Einstein, Heisenberg
and Schrodinger. One of the first results Quantum Mechanics
produced was embodied in a conclusion that Niels Bohr
published in 1913. This was that, contrary to what had
previously been assumed, the electrons within an atom could
not have just any energy level, but could only exist at certain
set energy levels. (See Fig. 3a.) This was a radical departure
from what had been believed up until then, but it has been pro-
ved and is now unquestioned by physicists.

ENERGY

(al 161 lc)

Fig.3a. The electrons within atoms can exist only at set levels. b) W hen two atoms
interact with each other, their energy levels are split. c) In a solid, millions of
atoms all interact with each other, and the energy levels are split into so many
'sub -levels' that they behave like continuous bands.

So electrons in atoms can only exist at certain set energy
levels. But if you get more than one atom together, the situa-
tion changes again - energy levels are split. If, for example,
you put two atoms close together, and then look at what has
happened to a particular energy level in each atom, you will
find that, in one atom, it has shifted up fractionally, in the
other atom, it has.shifted down slightly. The two atoms act as
though the single energy level has been split into two (See Fig.
3b), one very slightly higher than the other. In a solid, where
there are millions of atoms all together, the energy levels are
split into so many 'sub -levels', all very close in energy, that
they act like continuous bands. (Fig. 3c.) In a solid, instead of

there being several separate energy levels at which the elec-
trons can exist there are, instead, several energy 'bands', within
which electrons can have a whole range of energy levels. Bet-
ween these bands however - and this is the important bit -
there are still 'forbidden gaps'; energy ranges in which elec-
trons cannot exist because there are no allowable energy
levels present. So how does all this help us to understand elec-
trical conduction? Patience . We're just coming to that...

Electron Distribution
The way a material behaves electrically, whether it acts as

a conductor or an insulator or whatever, depends on the ar-
rangements of its energy bands, and the way that the electrons
are distributed within them. The energy bands of a) a conduc-
tor, b) an insulator and c) a semiconductor are shown in Fig. 4.
Firstly we will deal with the conductor. The energy bands
shown in Fig. 4a are fairly typical of a material like copper. As
in any material, the lower energy bands tend to fill up with
electrons more easily than the higher energy bands, and con-
sequently, they contain all the electrons that they can possibly
hold. There is then a 'forbidden gap' of energies, and above
this is another band - known as the conduction band. This
band, unlike those below it, is not full, but is capable of
holding more electrons than it in fact does. An electron in this
band is relatively loosely held by this atom and so it requires
only a very small amount of energy, which can be obtained
from an applied potential difference to raise it to a higher
energy but still within the conduction band.

It can now drift along within the metal under the in-
fluence of the potential difference. Thus, in a metal, which has
either a partially -filled conduction band (eg. copper) or an
empty conduction band which overlaps a full energy band, (as
in magnesium) it is possible for current to flow quite easily. So
far, so good. What about insulators? The energy -band theory
can also explain the behaviour of non -conducting materials
(Fig. 4b). In such substances, there are still full energy bands at
the lower energy levels, but the conduction band is empty. In
other words in insulators, electrons do not normally exist with
enough energy to be in the conduction band. And it is only in
this conduction band that electrons are free enough to take
part in a flow of electrical current. If it were possible to get the
electrons out of the lower energy bands into the conduction
band then these materials could conduct electricity, but in
order for that to happen electrons would have to cross the for-
bidden gap, and the energy required to make them do this is
much more than can be supplied by a normal potential dif-
ference. In terms of eV (the eV, or 'electron -volt', is a measure
of energy which atomic physicists find it convenient to work
with, 1 eV being the energy picked up by an electron in passing
through a potential difference of 1 volt), the forbidden gap in
insulators in normally about 5 eV, hence, under normal cir-
cumstances, insulators do not carry electricity.

PARTIALLY FILLED EMPTY CONDUCTION NEARLY EMPTY
CONDUCTION BAND BAND

FORBIDDEN GAP

FILLED BAND

FORBIDDEN GAP I

CONDUCTION BAND

FORBIDDEN GAP

OUTERMOST NEARLY FULL BAND
FILLED BAND
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FEATURE: Current Affairs

What About Semiconductors?
Semiconductors are really an 'in-between' case. Like in-

sulators, very pure semiconductors such as silicon or ger-
manium have empty conduction bands when the temperature
is 'absolute zero' (about minus 273°C), separated from the
other energy bands by a forbidden gap. At normal
temperatures the conduction bands are not completely emp-
ty. Why? Because in semiconductors the forbidden gap is
much smaller than in insulators - about 1 eV. It is so much
smaller, in fact, that at normal termperatures, the vibration of
the atoms in the semiconductor is sufficient to give enough
energy to a few electrons to reach the conduction band. Even-
tually they fall back to the lower energy bands - but more
electrons are entering the conduction band all the time, so
eventually a balance is struck, with the number of electrons
entering the conduction band in any period of time being
equal to the number falling back. At normal temperatures,
therefore, there are always just a few electrons in the conduc-
tion band of a semiconductor, and so it is able to conduct elec-
tricity. Though it conducts less well than a metal, since there
are far fewer electrons in the conduction band.

But That's Not All
There is, however, another means by which a semicon-

ductor can carry electricity. Every time an electron leaves a
lower energy band for the conduction band, it leaves an elec-
trically neutral space where there was previously some
negative charge. These neutral spaces, surrounded by
negatively -charged electrons, can behave almost like a
positively charged particle, and when a potential difference is
applied, this 'hole' as it is called travels in the opposite direc-
tion to that of the electrons. To understand how this happens,
imagine a row of chairs, with someone sitting in each of them
except the one at the end. (Fig.5) If the first person in the row
moves into the empty chair, the next person moves into the
chair left empty by the first person, and so on, the 'space'
where no one was sitting appears to move in the opposite
direction to the people, and that's exactly how it works with
'holes' in semiconductors. While it appears that the hole is
moving in one direction, carrying positive charge, what is real-
ly happening is that the electrons in the lower energy bands are
travelling in the other direction, carrying negative charge, and
are moving into the spaces left by electrons which have gone
into the conduction band.

Conclusion
Therefore, in a semiconductor, there are two types of

charge carriers involved in the conduction of electricity; elec-
trons and 'holes'. Various experiments indicate that in ger-
manium, for example, about one third of all the current is car-
ried by the 'holes'!

Fig. 4. Comparison of the forbidden gap position and magnitude in
the three basic types of material. Far left: a conducting substance.
The lower energy bands are full of electrons and the forbidden gap
is easily bridged by sufficiently energetic electrons which then enter
the conduction band. Center: insulators. Note the empty conduction
band and the wide forbidden gap in which there are no permissable
energy levels. On the right: semiconductor materials in which the
energy gap is around 1 eV and at room temperature sufficient energy
is imparted by heat action to allow some electrons to cross the gap
into the conduction band.

fi

k

fi ri
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Fig.5. As each person moves into the space next to them, it appears that the gap
moves in the other direction. In the conduction band this is an electrically
neutral space where there was previously a negative charge. These 'holes' can
behave almost like a positively charged particle when a potential difference is
applied this 'hole' moves in the opposite direction to the electrons.

You will remember that, in semiconductors, electrons
reach the conduction band because of the vibration of the
atoms. This fact is quite important. At higher temperatures the
atoms vibrate more, and so more electrons (and 'holes') are
available for conduction purposes. To the extent that above
about 100°C for germanium, and 150°C for silicon, the con-
duction is no longer really under control, and so devices like
transistors, which use semiconductors, have to be kept below
these temperatures, if they are to remain reliable during opera-
tion. The fact that silicon is useful as a semiconductor at
higher temperatures than germanium, was the major reason
for the increased use of silicon rather than germanium
devices! ETI
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Complete Audio Tuner Kits Radio/Audio/Communications Modules

More features and facilities, thanks
to DC switching and control design

'reviewing the most comprehensive audio preamplifier yet DC switching of 7 inputs, plus
two tape in/outs. 2 low pass. 2 high pass active filters, genuine volume related loudness, 1dB
channel matching, with DC volume, balance, bass and treble controls. Suitable for bus/remote
control, tape dubbing, switched monitor etc. 80dB S/N+. THD -75dB or better. Pluggable PU
eualization boards, tone control override. Price for complete unit about £149 ex VAT.

Semiconductors
Radio/Communications ICs

CA3089E 2.11 HA1197 1.61 SD6000 4.31
CA3189E 2.53 CA3123E 1.61 TDA4420 2.59
tiA1137VV 1.95 TDA1072 3.09 MC1330P 1.38
HA11225 2.47 TBA651 2.53 MC 1350P 1.38
HA12412 2.81 TOA1090 3.51 KB4412 2.24
KB4420 1.95 TDA1220 1.61 KB4413 2.24
TBA120S 1.15 TDA1083 2.24 KB4417 2.53
K84406 0.80 TDA1062 2.24 MC3357P 3.16

SL1610
SL 1611
SL1612
SL1613
SL1620
SL1623
SL1624
511625

1.84
1.84
1.84
2.17
2.50
2.80
3.77
2.50

SL1626
SL1630
SL 1640
SL1641
SL6600
SL6640
S16690
MC1496

2.80
1.86
2.17
2.17
431
3.16
3.68
1 44

FOR COMPLETE LISTINGS -
SEE OUR NEW PRICELIST

VARICAP DIODES
A section from our PL.
BA102 0.35 16.1 ratio AM tuning
BB204 0.41 KV1215 9v triple 2.93
BB105 0.41 KV1211 9v dual 2.01
BB109 0.31 KV1225 25v triple 3.16
MVAM2 1.93 BB212 9v dual 2.25

POWER MOSFETS 100W PA's made simple
inco pioneering t to 100W comp ementary MOSFET technique Hitachi have developed a rangeof output devices and drivers that ought to revolutionise opinions and attitudes towards the

design of all LF amplification systems. We have a new 48 page application note 1E1.50 Inc) and
complete sets of parts, modules and now the new complete PA system (see above).
2SK133 120v N-ch 100W MOSFET £6.33 2SJ48 Pch complement £6.332SK135 160v KIch 10055 MOSFET £7.29 2SJ50 Pch complement £7.39PA101B Kit for 100W MOSFET PA less Heatsink £16.10. £23 inc heatsink/bkt)
ULTRA LOW NOISE PU PREAMPLIFIER
The HA12017 is the last word in PU preamps, and general low noise audio design.It is an SIL IC, with 86dB S/N in RIAA configuration, 10v RMS output capability,
0.002% typ THD at 10v RMS output (imagine the overload margin !!). It comfort-
ably supercedes discrete circuit designs in terms of price/performance, and takesthe art beyond the TDA1042's capabilities. (Replaces HA1457) £1.80 each - or
an RIAA applications PCB with two ICs for £5.75. Complete with Rs&Cs £9.95.

Radio

Mk III FM Tuner series Carriage for Mk III tuner £3 inc
The Mark Ill series FM tuner has been updated, and now includes a
centre zero tuning meter as standard. The instruction manual has been
meticulously revised, enabling easy assembly by constructors of various
levels of experience - a preview copy may be purchased for £1.00.
Mark III A series 'Reference series' tuner modules £171.35 inc.
Mark III B series 'Hyperfi' modules, with switched

IF BW, pilot cancel decoder £198.95 inc.
A matching synthesiser unit will be made available later this year, and can be
retrofitted to either version. All versions include digital frequency readout/clock,
VU deviation meters, 6 preset stations, 10 turn pot manual tuning, toroidal PSU,
output level adjustment, 110/240v AC input. Full alignment service available.

Power Amplifier Style and performance with a real
'belt and braces' PSU design.

After a couple of preview comments, it seems that many of you are waiting to hear
about the matching HMOSFET power amplifier for the Mk III tuner. Well, it's out
at last complete with twin toroidal PSUs for comfortable 80W RMS per channel,
over 100W peak, but limited by thermal shutdown of the HMOS. 10W -100W log
LED output peak indicator, DC offset protection and .switch -on pause relay. AC or
DC input coupling, direct or relay protected output terminals. The works.
Only one version of this item: Complete kit £178.25 inc. Carr. £5.

Preamplifier

Control ICs We have various RC ICs, including NE544
NE5044, arid two new ones Iron, OKI

K84445 4 channel dig.prop. FM TX IC. 30mW out (amplifyable) -£2.30 incKB4446 4/5 ch. dig. prop FM RX IC. Suits KB4445 or RCME syst. £2.65.
KB4445/6 pair: £4.75. New 8 page data sheet 35p + SAE. More RC ICs in list

CMOS, LPSNTTL, TTL, MPU:
Listings in the new 'ricelist.

Most CMOS is available in low
volume also LPSN. Standard
Imears and TTL OK.

Things like ICM7216B, ICL8038, 8080A, 6800P, 2708, NE555,NE556, etc

Coming Soon Contain yourselves, RF fans ! Not yet ready for
a full launch until autumn but .reviewed here

-

SSB transceiver system : 10kHz to 1000MHz !!
A modular VLF to UHF 558 TX/RX system at last. With the correct first mixer, the basic PCBcovers 10kH: to 1000MHz using LO fed from rot, source (Our 2 IC Mullard synth for instance)and RF PA for TX OP

urc
0.2uV basic sensitivity in HE , Typ cost for HF synth SSB RX will be

less than E200. Add an RF PA for full TR X for another E50. See one in our foyer, and marvel.

Please send an
SAE with all
enquiries.
Phone orders by
ACCESS but
minimum £5
Callers welcome

LW -MW -SW -SW DC tuned and switched
91072- All switching of bands by a single

pin to gnd. Varicap tuned, with LO
output for synth. MW/LW version
or MW/LW plus 1 or 2 SW bands
MW/LW: £15.58 +1SW £16.73

VHF Tunerheads
Europes largest stock range for broadcast and
communications. Probably also the world's -
details in the catalogues and PL. Specials are
also supplied in the region 30-220MHz.

Pilot Cancel PLL Stereo decoders
Again, Europe's widest range of stereo decoders
including pilot cancel PLL types. The pic shows
the 944378 - pilot cancel including post decoder
26/38kHz filtering and muting preamp output

Switched bandwidth FM IF strips

944378 2
(26.45

----
_______--

Broadcast FM IF strips for all occasions, including the new 911225 - with diode
switched narrow filter option, ultra linear phase ceramic filters, 84dB S/N, and
0.04% THD (40kHz deviation). Plus usual things like AGC, AFC, dev. mute, level
meter drive. E23.95 (supplied in screen can with 0.1 edge connection system)
Also the 7230 hyperfi series - as the 911225, but with slope controlled AFC that
operates in conjunction with signal level - and an extra IF amp stage for DXing.

Various digital frequency displays
The World's largest range of receiver DFMs is now
joined by the DFM7 (shown) - and L shaped version
of the DFM3 with remote display mount connector
possibility . 1kHz SW resolution with 455kHz or
10.7MHz offsets, 100Hz res up to 3.9999MHz, and
VHF to 299.99 MHz in 10kHz steps

: £41.75

Components
Crystal Filters Most popular types are available -

ex -stock, and in quantity.
10.7MHz 25kHz Channel spacing 8pole

12'hkHz
2.4kHz SSB
Monolithic dual roofing filter

34.5MHz 1.3dB loss, 80dB stopband HF
first filter in synth. RX

RC XTALS FM pairs (no spilts)
AM pairs ..

USB/LSB Xtals for 10.7SSB filter

Piezo Sounders

£16.67
£17.82
£19.78
£2.30

£36.80
£3.74
E3.57
£2.88 ea

The most efficient warning so.:aders yet

The latest thing in electro-acoustic efficiency. 1mA of drive from
CMOS will give an SPL of 811B - 10v RMS drive from CMOS uses
3mA for 100dB SPL at 4.8kHz (88dB at 1.65kHz)

110.The data sheets shows various drive circuits,,and give full
specifications with regard to broadband responses and power -tleanum.
consumption etc. 1 off 44p inc. 100 off 28.75p (25p ex vat)

Keyboard switches and caps
From the world's most widely used switch
manufacturers - ALPS - come the biggest and
best range of keyswitches, and data entry key-
board switches. The SCM81101 is shown here,
with the KT5 2 -part cap (with clear top, to enable
easy fitting of your chosen legend. Other types are
available with built in LED, 900 mounting etc.
SCM81101 : 17p, KT5 : 16p - or 29p/pair

LCD CLOCKS
LCD DVM

Clocks use 1.5v
at 15uA only.
DVM 9v/1 mA

CM161: 7mm LCD 12/24hr, alarms etc £11.44 each
CM172: 13mm, 12hr, alarms,timer etc £14.32 each
CM174: 13mm, 12hr, min/sec stopwatch £14.32 ea
DVM 176: ICM7106 based LCD 3%cligit E22.36 each

WHAT's NEW at AMBIT
NEW PRICELIST/SHORTFORM:-
28 pages, FOC with A5 SAE pse

Bigger print than our
recent one page list
and vastly extended

If you still need convincing to invest £1.60 in the cats, be mean and get this first.

POWER MOSFET APPLICATIONS
HANDBOOK b HITACHI :

£1 .50 each or free
with pairs of HMOS
and the PA1018

Everything you should know about HMOSFET devices theory and applications.

ambit lo change so eve phone and check rl or dont.

CATALOGUES 60p ea , all thrm Ico CI 60
Oise LEASE Commerce/a MA Urns, or, elnshaelronPRICES SHOWN HERE INCLUDE VAT

are offered sutoe. tO netlilatolity ;Olen sane.POST/PACKAGE CHARGE NOW 35p

INTERNATIONAL

200 north Seruice Rood, Brentwood,EOM
TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG

Parts 1-3
AMBIT
catalogues
60p ea, or
£1.60 the
lot.
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Take a step up to your next Computer!
THE CONCEPT

How many ways are there to build an 5100 system? Not
many, and all expensive.TUSCAN changes all that.

Five S100 boards on one single board-just for
starters. Plus five extra slots for future expansion.

What a combination! Z80 and S100 with the
TRANSAM total package of system and applications
software.

How do we do it? Our prices start at £195 and you
can build up in easy stages to a fully CP/M compatible
disc based system. Something to think about!

THE HARDWARE
The first Z80 single board computer with integral S100
expansion. British designed to the new IEEE (8 BIT)
S100 specification, the TUSCAN offers total system
flexibility. A flexibility available now.

The board holds the equivalent of a Z80 cpu card,
8k ram, 8k rom video and I/O cards with 5 spare
S100 expansion slots and offers a price/performance
ratio which is hard to beat.

Just compare our price with a commercial S100 ten
slot motherboard with this specification.

THE SOFTWARE
TUSCAN offers the user the choice of system monitor,
editor, resident 8k basic, resident Pascal compiler or full
CP/M disk operating system. All options are upwards
ETI SEPTEMBER 1980 TRANSAM COMPONENTS LTD.. 59/61 THEOBALDS ROAD. LONDON WC1. TEL: 01-402 8137/405-5240

compatible and fully supported with applications
software. Both 51/4" and 8" drives are supported in
double density.

THE PACKAGE
TUSCAN is available in kit form or assembled. With
several hardware and software options to suit your
requirements and budget. Attractive desktop case also
available holds 2 x 51/4" Drives.

TEAINAM
NOBODY DOES IT BETTER!

Send to Transam Components Ltd., 59/61 Theobalds Road, London WC1

lam interested in the TUSCAN Z80 based single boat! computer
with S100 expansion and enclose a S.A.E. for further cetails.

1

Name

Address

Telephone



MICROBASICS
Since the demise of Microfile, we felt it was time to initiate another
on -going publishing situation computingwise. Henry Budgett kicks off
the first instalment of this great new hardware series with a pofted
history of the technology

A,most without fail we read in some publication or other
that the age of computers is upon us. Whilst this state-
ment is unquestionably true it is well worth looking

back at the developments that have resulted in this prolifera-
tion of computers and computer -based systems. There is a
popular temptation to attempt to baffle readers with science
and technical terms in articles like this and this has led to an
almost 'cult' image being foisted upon the industry, whereas,
in reality, we should be trying to do exactly the opposite. It is to
this end that I will attempt to define and explain each piece of
terminology as it is reached. It is also the reason that I have
chosen to begin the series at the beginning rather than to look
at just the current darling of the media, the microprocessor.

Three Wise Men
In taking a look over our shoulders at the names

associated with the very early computers we find that three
stand out as veritable beacons. Taking them in chronological
order, for no better reason than simplicity, we first meet Blaise
Pascal. Born in the seventeenth century in France he made a
considerable impact on the field of mathematics at that time.
His father was a tax collector and the sight of him spending
many hours adding figures stimulated Blaise to produce a

mechanical engine that would remove the drudgery. The
basic design worked, no mean feat in itself, and enjoyed a
limited commercial success. Its main drawbacks were that it
could only add or subtract (and only one of those at a time).
The Pascaline, as it was called, is still in use today recording
the mileage travelled in your car and its improved successor
which was capable of multiplication survived until the first
electronic calculator sent it to the scrap heap. If you are for-
tunate enough to have one lying in a corner it is worth the trou-
ble to take its lid off and reveal the guts. Remember as you
look that this was invented when the Industrial Revolution
was still in the future and there were no facilities for making
accurate mechanical parts, a problem that was to cause our
next innovator to fail.

Inventor With A Difference
Charles Babbage began in a similar manner to Pascal. He

was also a child prodigy in the field of mathematics and soon
began to find fault with the tables of logarithms being publish-
ed. It was to the end of producing a machine for calculating
these tables that Babbage began his life's work. It was for-
tunate that he was a wealthy man because despite a Govern-
ment grant of some £17,000 and eleven years work he finally
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abandoned his Difference Engine. Despite this failure his
thoughts on automated mathematical machines were still ac-
tive and he conceived the Analytical Engine that was to even-
tually ruin him. This idea was to incorporate all the essentials
of the Difference Engine but with the magic ingredient of be-
ing programmable'. The original specification of the machine
was that it could perform mathematical operations to order
on data provided.

At this instant the concept of computers as we know them
today was born. The 'Engine' even incorporated most of the
elements found in modern electronic machines. However the
theory was not matched by the practice. The inability to make
precision parts once again spelled doom and Babbage died ag-
ed 80 with not much left to his name except a pile of cogs and
wheels. His son did manage to put together a working model,
which can today be seen in the Science Museum, London.

Herman The Wise
Less than twenty years later our third individual, Herman

Hollerith, forged the final link in the chain of events with his
Tabulator. Designed as an entry in a competition to find a
system that could analyse the results of the 1890 American
census it harnessed the newly developed power source, elec-
tricity. Hollerith's machine completed the census in record
time and made its inventor a very rich man. Indeed, the com-
pany he founded, IBM, is probably the largest mainframe
computer producer in the world.

This combination of electricity and advanced mechanics
was by no means an ideal solution. In the case of the
'Tabulator', it was designed for one specific job and could not
be easily changed. This was not the programmable tool con-
ceived by Babbage. It is interesting to note that, just as Bab-
bage had looked toward the punched cards used by weavers
to control their looms, so Hollerith used similar cards to record
the census information on. These cards are still in use today in
many computer rooms (some things never change!).

The Electronic Age
Just as the application of electrical energy brought

Hollerith's 'Tabulator' the success it did, so it spurred on the
development of the wide variety of electronic circuits based
around the therm ionic valve. By the time of the second World
War there were many potential challengers for the title of the
first computer but they all shared one common characteristic.
The development of electronic switching had resulted in the
universal adoption of the binary number system. The reason is
simple, you can easily turn something on or off and hence
create a binary code, but it is obviously much harder to turn
something off or on in nine discrete steps. If Pascal or Babbage
had designed their systems around binary mathematics in-
stead of the conventional decimal they would have simplified
their problems ninefold and the world may even have been in-
troduced to the steam powered computer. Having taken the
step to binary, computers never looked back and giants such
as Col losus, ENIAC and ACE were born. Each of these was the
descendent of the 'Analytical Engine' in that it could be pro-
grammed to do any logical task, within reason, and consisted
of a number of basic elements, as in today's computers.

In much the same way as the transition from mechanical
to electrical occurred, these early computers were replaced
by pure electronic devices based on the newly invented tran-
sistor. The thermionic valve was an unreliable object, slow in
operation and costly in terms of power consumption and
space. Indeed, the processing capabilities of most of today's
microprocessors greatly exceed the facilities offered even thir-
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ty years ago. The advent of the transistor produced the 'se-
cond generation' of computers. A 'generation' in computer
terms is generally defined as a tenfold decrease in size with a
tenfold increase in processing throughput at a tenth of the
original cost. As the transistor became the descendent of the
valve, so the chip or integrated circuit became the descendent
of the transistor. In those days, some ten to twelve years ago,
the first integrated devices consisted of perhaps a half dozen
transistors on a single chip of silicon. Rapid advances were
made and soon a new kind of computer was born.

The Minis
Just as the Mini car revolutionised the way the world look-

ed at motoring so the minicomputer changed the face of com-
puters. Up till the advent of the integrated circuit there had
been only 'computers', now there were 'mainframes' and
'minis'. These two were rigidly divided into sectors of opera-
tion, the mainframes were used for serious purposes, the minis
were 'toys' used in research. Among the names of companies
who were to make their fortunes producing minis was DEC,
probably still the world leader. Soon the mini was to be found
everywhere from research labs to classrooms and their spread
was due simply to the fact that they were small, cheap and
relatively easy to use. They were even built into pieces of
equipment like machine tools. Indeed it is fair to say that the
mini paved the way for the micro, although the actual distinc-
tions between them have been rapidly eroded.

The pilot model of the National Physical Laboratory's ACE, one of the first com-
puter giants (Crown copyright).

Firms involved in the business of integrated circuit pro-
duction tend to follow a natural progression in the devices
that they make. First off the production line come the stan-
dard logic elements, the AND OR type gates, and once the pro-
duction of these is running at a profitable level they attempt to
squeeze a little more onto the slab of silicon. As soon as this
stage is proved they take another leap forward and so on. In
the terminology this is a progression from SSI (Small Scale In-
tegration) with about 10-20 actual devices on the 'chip'
through MSI (Medium Scale Integration) which has a dozen or
so gates (rather than discrete elements) up to LSI (Large Scale
Integration) which is taken as being greater than 100 gates on
the chip. At this stage of the game we are still talking about
complex TTL type packages, the next jump is to VLSI which,
believe it or not, stands for Very Large Scale Integration. We
are now in the realm of memory devices and microprocessors.
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Fig.1. Block diagram of a computer system.
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Common Concept
If we take a look at Fig.1 we can see a generalised block

diagram of a computer. What kind of computer is not impor-
tant; they all have the same functional blocks within them, be
they micro or mainframe. The common misconception is that
the "mighty chip" is a computer, far from it. Your average
microprocessor still needs all the memory circuits, control cir-
cuits, mass storage devices and other components that even
the old valve machines needed; they are merely smaller. The
very first microprocessor came about in 1971 simply because
it was realised that it would be possible to make a device of
that complexity on a single chip. The device was called the
4004 and the company that made it was Intel. More on the
micro next month - first some explanation on the basic
building blocks of computers.

Eye Oh
The five fundamental elements of any digital computer

are:- the ALU or Arithmetic Logic Unit, the control unit, the
store or memory and the input and output devices. Taking
these in the reverse order we have the input and output
devices, often abbreviated to the I/O. Obviously the machine
must be able to communicate with the outside world and vice
versa, so the most common form of I/O is the Visual Display
Unit or VDU. This has, to a very large degree, replaced the old-
fashioned Teletype, a special electric typewriter often called a
TTY, and is totally silent in operation, which is a welcome
change from the racket the earlier device made. Other forms
of I/O device are printers, for producing typed copy, plotters
for producing graphical output or in the most esoteric cases
digitisers and speech synthesisers.

The function of the I/O was simply to enable the user of
the computer to load information for processing into the com-
puter and to be able to get the answers back. Quite apart from
this information there is the requirement of the computer pro-
grammer who wishes to put in information that will instruct
the computer to perform certain operations. This, the pro-
gram, is stored in the memory and of this vital component

there are two types; general purpose memory and off-line or
backing memory. The general purpose memory is made up of
a large number of bistable elements manufactured in either
magnetic or semiconductor materials. In the context of the
micro we often refer to these as the user memory. The backing
memory is generally of a mass storage type like magnetic tape
in one of several forms or magnetic discs or drums. Whilst the
computer may have immediate access to some few thousand

The business end of NPL's ACE computer, used to develop sophisticated
mathematical techniques.

storage elements in the user memory, it can often store a few
million elements in the backing stores. We will discuss the
various types of memory in much greater detail at a later date
- only the concept is important at this stage.

The control unit performs the task of making sure that all
the various bits of the computer are working in the correct
order. It would not be a very efficient machine that had to
pause for information because it gave priority to looking after
a printer and left the user waiting. The basis of all the control
signals is a clock, in fact a very accurate oscillator circuit runn-
ing at several million cycles per second. This is the heart of the
machine and almost without exception all the functions
within the computer are locked or synchronised to it.

The one remaining piece of the jigsaw is the ALU. This ex-
ists solely to perform arithmetic operations on the elements
that are fed to it. Some of these elements are recognised as be-
ing instructions, others are simply information which is to be
processed according to the previously received instructions.
All this takes place at the level of binary signals, that is, each
separate piece of information is represented by a pattern of
logical ones or logical zeros and this is commonly called
'machine code'. Indeed, at this level of operation the com-
puter is only aware of two groups of patterns - those which
correspond to the defined set inside the machine, its "instruc-
tion set" in computer parlance, and those patterns which do
not match this set which must be data.

To Pastures New
That's the end of this month's offering. In the next part our

concentration will lock on to the microprocessor itself and
just what goes on inside that little lump of silicon. Those with a
wish to pursue the hardware angle in books, might be in-
terested in the following recommended texts on the subject:
Introduction To Digital Computer Design by Woollons,
published by McGraw Hill. Consumers Guide to Personal
Computing and Microprocessors by Frieberger & Chew,
published by Hayden. ET!

30 ETI SEPTEMBER 1980



What to look for in the October issue
on sale Septe-nber 12th.

FOX AND HOUNDS CT goes rural again, and not down the pub either. Amid
sce-ies of pink dad men thundering across open coun-
try, the sounds of baying hounds, demure ladies in full
chase and healthy fresh air we find a curious creature
called the fox. No bloodshed here, this must be the only
fox mint where the fox can actually beat his pursuers at
their own game. Turn on all your cunning and see how
long you last against the hunters.

Once again our reviewers have brought home an ex- MIG-ITY MICRON
elusive. This time it's an all British machine featuring
the first implementation of the new 10K BASIC from
Microsoft. How does the machine rate in terms of value
against the established favourites like Apples and
NASCOMs? Read our expose in the October issue and
make your choice.

BUSINESS BRAINS The trend in small business machines these days is to
pack all the necessary works into a neat desk -top unit.
Are these really computers or just super -intelligent
VC Us? Our reviewer grasps the Su perbrain, a prime ex-
ample of the breed, by the horns and attempts to wres-
tle the facts from within its cool grey exterior.

In the third part of our mammoth survey of computers BUYERS GUIDE
and equipment we turn our attention to VDUs. Once
again we present the facts and figures in clear and con-
cise form to allow you to make the best decision. Don't
miss it, it's the only one there is.

SPACEWAR Not just another version of St*r *re* but a real
wargame simulation with tactical and strategic posi-
tioning. James T might find this a harder match than
those Klingons he seems to have so much trouble with.
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Also available
ready -built

plus VATand p&p
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The standard ATOM kit includes:
Full sized QWERTY keyboard Rugged polystyrene case
Fibreglass PCB 2K RAM  8K ROM  23 integrated circuits
Full assembly instructions including tests for fault-finding.
(Once built, connect it to any domestic TV and power source)
Power requirement: 8V at 800 M A. ATOM power unit available.
See coupon. PLUS FREE MANUAL written in
two sections-teach yourself BASIC and
machine with no knowledge
of computers, and a reference section
giving a complete description of the
ATOM's facilities. All sections are fully
illustrated with example programs.
The ATOM concept
Adding chips into sockets on the PCB allows you to progress
in affordable steps to large-scale expansion. You can see from
the specifications that the RAM can be increased to12K allow-
ing high resolution (256 x192) graphics. Two further ROM chips,
e.g. maths functions, can be added directly to the board giving
a 16K capacity. In addition to 5 I/O lines partly used by the
cassette interface, an optional VIA device can provide varied
I/O and timer functions and via a buffer device allow direct
printer drive. An optional module provides red, green and blue
signals for colour. An in -board connector strip takes the ATOM
communications loop interface. Any number of ATOMs may be
linked to each other - or to a master system with mass storage/

UniquE in concEpt-thE homE computEr that grows as you do!

NEwl_ThE Acorn Atom
IP:ko LIrcgisatianding120

plus VATand p&p. computEr kit
The ATOM-a definitive personal computer.
Simple -to -build, simple -to -operate. But a really
powerful full -facility computer. And designed on an
expandable basis. You can buy a superb expanded
package now-tailored to your needs. Or, you can

buy just the standard Atom kit, and, as you grow in
confidence and knowledge, add more chips. No need to
replace your equipment. No need to worry that your
investment will be overtaken by new technology. As you
need more power, more facilities, you can add them!

'The picture shown dernomitratei, 1111% t'(-1 ,iphit s and i.narai tom uI three shades of grey
provided by the Standard Atom_

hard copy facility. Interface with other ACORN cards is simplicity
itself. Any one ACORN card may be fitted internally.
So you can see there are a vast number of modular options and
additions available, expanding with your ability and your budget.
The ATOM hardware includes:
 Memory from 2K to 12K RAM on board (up to 35K in case)
8K to16K ROM (two 4K additions) 6502 processor Video
Display allows high resolution (256 x192) graphics and red,
green and blue output Cassette Interface-CUTS 300 baud
'Loudspeaker allows tone generation of any frequency
Channel 36 UHF Modulator Output Bus output includes
internal connections for Acorn Eurocard.
The ATOM software includes:
32 -bit arithmetic (±2,000,000,000) High speed execution
43 standard/extended BASIC commands Variable length
strings (up to 256 characters) String manipulation functions
27 32 -hit integer variables 27 additional arrays random
number function PUT and GET byte WAIT command for

timing DO -UNTIL construction  Logical opera-
tors (AND, OR, EX -OR)  LINK to machine -code
routines  PLOT DRAW and MOVE.

CO
ACORN

CAMBRIDGE CB2 3NJ
4aMarket Hill,

Your ACORN ATOM may malify as a business expense. To order complete the coupon below and post to Acorn Computer for delivery within 28 day
(In , fi-,fuU ry ney refund if not completely satisfied. All components are guaranteed with full service/repair facility available.

Please send [lie 010 tolloiA.ng items.

RAM Jr TS

4h f LOATING POINT ROM

PRINTER DRIVE
0522 VIA

Item price Inc.
VAT+p&p

f1-10 00

Caf 174 EiC)

 t.209 .50
1 1 22

i.13-20

© £10 'it,

TOTALS

To: Acorn Computer Ltd.. 4a Market Hill. CAMBRIDGE CB2 3NJ

I enclose cheque/postal order for £

Please debit my Access/Barclaycard No.

Signature

Name (Please print)

Address

Telephone No.
Reo,tereo
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THREE FOR FRED'
FROM CS 4/

EXPERIMENTOR BREADBOARDS
No soldering modular breadboards, simply plug
components in and out of letter number identified
nickel -silver contact holes. Start small and simply
snap -lock boards together to build a breadboard of
any size.
All EXP Breadboards have two bus -bars as an integral
part of the board, if you need more than 2 buses
simply snap on 4 more bus -bars with the aid of an EXP
4B.

EXP 325E1.60 The ideal breadboard
for 1 chip circuits. Accepts 8, 14, 16 and
up to 22 pin ICs. Has 130 contact points
including two 10 point bus -bars.

EXP 360 £3.15 Specially designed
for working with up to 40 pin ICs
perfect for 3 8 14 pin ICs.
Has 270 contact points including
two 20 point bus -bars.

EXP 300 £5.75The
most widely bought
bread -board in the UK
With 550 contact
points, two 40 point
bus -bars, the EXP 300 will accept any size IC and up
to 6 x 14 pin DIPS. Use this breadboard with
Adventures in Microelectronics.

U

EXP 600 £6.30 Most
MICROPROCESSOR 4"

projects in magazines
and educational books
are built on theEXP 600

the.: 1.r.. s. .flhiii. ........... .,- ..... ..... ..... 

EXP 660 £3.60 Has .6"centre
spacing so is perfect for
MICROPROCESSOR applications

EXP 46 £2.30 Four
more bus -bars in
"snap -on" unit

The above prices are exclusiv, l'EtP ;tn(I VAi

THE CSC 24 HOUR SERVICE
TELEPHONE (0799) 21682

With your Access, American Express,
Barclaycard number and your

order will be in the post immediately

CONTINENTAL SPECIALTIES CORPORATION=M=
C.S.C. (UK) LTD Dept. 9PP
Unit 1, Shire Hill Industrial Estate,
Saffron Walden, Essex CB1 1 3AQ.
Tel: Saffron Walden (0799) 21682 Telex: 81 7 4 7 7

ors
nib"to N9o

riicS 7, NO
Available from selected stockists oectr°ts No

ELECTRONICS BY NUMBERS prole'
No. 7 DIGITAL DICE
Roll the dice - the electronic way! The
digital dice gives you an instant score
randomly chosen from 1 to 6, every time
you press the button. No losing this under
the table!
No. 8 QUIZ MASTER
Play your own 'Sale of the Century'! Up to
four contestants pit their wits; the first one
to get the answer lights up his 'win' light,
and stops anybody else from having a go.
No. 9 MOVING TARGET GAME
Test your reactions! A moving 'line of light'
travels along from left to right, over and
over again. You've got to 'fire' at just the
right moment to score a hit. Fun for all the
family!
Want to get started on building exciting
projects, but don't know how? Now using
EXPERIMENTOR BREADBOARDS and
following the instructions in our FREE
'Electt'onics By Numbers' leaflets,
ANYBODY can build electronic projects.
For example, take one of our earlier
projects, a L.E.D. Bar Graph;

OISIETTh
VP
+YE

yr
-

You will need; One EXP 300 or EXP 350
breadboard, 15 silicon diodes,
6 resistors, 6 Light Emitting Diodes.
Just look at the diagram, Select R 1, plug it
into the lettered and numbered holes on the
EXPERIMENTOR BREADBOARD, do the
same with all the other components,
connect to the battery, and your project's
finished. All you have to do is follow the
large, clear layouts on the 'Electronics by
Numbers' leaflets, and ANYBODY can build
a perfect working project.

For full detailed instructions and layouts of
Projects, 7, 8 and 9, simply take the coupon
to your nearest CSC stockist, or send direct
to us, and you will receive the latest
'ELECTRONICS BY NUMBERS' leaflet.

If you missed projects, 1, 2 and 3, or 4, 5
and 6, please tick the appropriate box in the
coupon.

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

PB6 Kit, 630 contacts, four 5 -way binding posts
accepts up to six 14 -pin Dips.
PROTO-BOARD 8 KIT £9.20

P8 100 Kit complete with 760 contacts accepts up to
ten 14 -pin Dips, with two binding posts and sturdy
base. Large capacity with Kit economy.

PROTO-BOARD 100 KIT £11.80

- - -IT'S EASY WITH C.S.Cm° ® 1
TO RECEIVE YOUR FREE COPY OF PROJECTS 7, 8 and 9

I Just clip the coupon For immediate action
Give us your name and full postal address lin block The C.S.C. 24 hour, 5 day a week service.
capitals). Enclose cheque, postal order or credit card Telephone 0798 21662 and give us your Access,
number and expiry date, indicating in the appropriate American Express or Barclaycard number and your I
boxles) the breadboardls) you require. order will be in the post immediatley

EXPERIMENTOR
BREADBOARDS CONTACT

IC CAPACITY
14 PIN DIP

UNIT PRICE INC
P&P Er 15% VAT

Oty
req

EXP 325 130 1 c 2.70
EXP 350 270 3 E 4.48

EXP 300 550 6 E 7.78

EXP 600 E 8.39

EXP 660 270

use with
0 6 pitch

Dip's Strip
Bus -Bar

E 5.00

EXP 4B
Four 40 Point

Bus -Bars
'E 3.50

PROTO BOARDS

L

PB6
P6100 760 10

E11.73

E14.72

NAME

ADDRESS

I enclose cheque/P.O. for E

Debit my Barclaycard, Access,
American Express card No.

Expiry date

If you missed project No's

I

I

630 6 I 1, 2, 3,4, 5, and 6, tick box. E I
For Free catalogue tick box 0

C.S.C. lUK) Ltd. Dept. 9PP, Unit 1 Shire Hill Industrial Estate Saffron Walden Essex CB11 3AQ

MINI Mil IIIM III= IM TM SafMn WM enW 99M 68M eln 817n47 7M M M n M JI
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Slide/Tape Synchroniser
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220n
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TAPE
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With the aid of a tape recorder and a slide tape synchroniser
it is possible to obtain programmed slide changing with an

automatic projector. By using a synchroniser and a stereo tape
deck or recorder it is possible to have music and a commentary
recorded on one channel and signals to give automatic slide
changes at the appropriate points on the other channel.

A slideltape synchroniser has two sections; a tone generator
and an electronic switch. The tone generator is used to record
short bursts of tone onto the tape at the points where slide
changes are required. The electronic switch is fed with the tone
burst output of the tape recorder and closes a pair of relay con-
tacts for the duration of each burst. The relay contacts are, of
course, used to control the automatic slide change mechanism of
the projector. Usually the output of the tone generator is coupl-
ed to the input of the electronic switch, so that operating the
tone generator causes the relay contacts to close. This is useful
when recording a tape. With the projector loaded with slides, the
synchroniser connected to the projector, the output of the tone
generator fed to one input of the recorder and the music/com-
mentary signal ready to be fed to the other input, the tape is in-
serted. Then the music and commentary are recorded and the
tone generator is operated at the appropriate times so that the
slides are changed and the tone bursts are recorded onto the
tape. If the tape is then rewound, the slide magazine is brought
back to its starting point and the tone burst output of the tape
recorder is fed to the input of the electronic switch, replaying the
tape should give the slide show with accompanying sound track
and automatic slide changing. The operator only has to start the
tape at the beginning of the show and stop it at the end.

A similar technique is used when using the unit as a program -
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med slide timer, the only difference being that there is no sound-
track to bother with.

The tone generator uses Q1 in a straightforward phase shift
oscillator operating at about 500 Hz, although the exact
operating frequency is not of great importance. It is merely
necessary to use one at which the recorder is capable of
operating reasonably well. The output from the collector of Q1 is
coupled to the tape recorder by DC blocking capacitor C5 and
resistor R6. The latter attenuates the output. R6 also ensures that
the oscillator cannot be so heavily loaded that it ceases function-
ing. SW1 is a non -locking, push to make switch. It is briefly press-
ed to connect the supply to the tone generator and produce the
tone bursts.

The tone generator is based on operational amplifier ICI,
which is used in the non -inverting mode. Its voltage gain is set at
about 28 by R9,10 and R8 biases the non -inverting input to the
negative supply rail. R5,7 form a simple passive mixer at the in-
put of IC1, so that it can be fed from either the tone generator or
from the output of the tape recorder without the need for any
changeover switching. The output of IC1 is used to drive com-
mon emitter amplifier Q2, which has the relay coil and protec-
tive diode D1 as its collector load. Normally IC1's output is low
and Q2 is cut off, but in the presence of an input tone the output
of IC1 goes strongly positive on positive going half cycles. C10 in-
tegrates these pulses so that Q2 is continuously switched on in
the presence of an input tone and the relay is energised. The
relay contacts then close and operate the slide change
mechanism of the projector.

The current consumption of the unit is only about 500 uA,
but rises to around 40 mA during the brief periods when the relay
is activated. The relay can be any type having a 6112 V coil with a
resistance of about 185R or more, provided it has at least one set
of normally open contacts of adequate rating.

Clipping Monitor
When using an amplifier at virtually its full output power
there is a risk of "clipping" occuring. The amplifier is over-

driven to the point where output peaks are flattened because the
amplifier simply cannot provide a high enough output voltage.
The distortion caused by clipping is often quite severe and readi-
ly apparent, but this is not always the case. It is not uncommon
for the tweeters in loudspeakers to burn out due to overloading
caused by clipping producing strong high frequency signals!

The circuit relies on the fact that with less than about 2 V ap-
plied to a LED it will not pass any significant current and will fail
to light up. If the voltage applied to the LED is only marginally in-
creased above 2 V, the LED avalanches, a heavy current flows
and it glows brightly. R1 is adjusted so that the voltage applied to
LED1 via current limiting resistor R2 is just sufficient to cause D1
to glow quite brightly when the amplifier is driven into clipping.

R2
INPUT 220R

R1
4709
0.25W

TIL209

With the amplifier driven just below the clipping threshold there
is just enough voltage applied to the circuit to cause LED1 to
visibly glow, although it does so at less than full brightness. If the
amplifier is driven significantly below the clipping level there
will be insufficient voltage fed to D1 to cause it to conduct and it
will not light up.
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# 0 WERE

WERSI is the first kit producing company applying the
latest achievements of the space age technology.
This has decisive effects on the technical and musical
quality of WERSI'S electronic organs for the do-it-
yourselfer.
The application of modern integrated circuits, so called ICs,
simplifies the organ construction considerably. A single IC
may replace up to 10,000 conventional electronic com-
ponents.
In addition, ICs save a lot of space and they are extremely
reliable devices.
WERSI, however, went a step farther yet. IC's which were
not available on the open market, were developed for
specific purposes by WERSI engineering. They are being
produced by the most highly reputed IC manufacturers in
the world. The result: economical electronic organs with the
most up-to-date techniques and .unsurp.assed musical
capabilities.

!at AURA SOUNDS

Tomorrow's Electronic
Organ Kit is Here

POSSIBLY A NEW NAME
TO YOU, BUT KNOWN IN
OVER 25 COUNTRIES FOR
THE SUPERIOR INSTRU-
MENTS WHICH THIS
GERMAN COMPANY
PRODUCE.

See us at 'RECRO '80',
Leamington Spa, 1st -8th August.
It's a great day out for all the
family plus the opportunity to see
the whole WERSI range demon-
strated live.

Without doubt the most comprehensive
kits and the most up-to-date designs
available today. Just consider a few of
the features:

 Precision Master Generator; using
MOS-LS1.

 Integrated electronic keying in 1 21_

technology.
 Unique - All switch functions are

programmable.
 Even the smallest organ has draw-

bars in addition to fixed stops.
 Craftsman -made cabinets available

in five veneers.
 Ready-made wiring harnesses

eliminate errors.

WERSI MAKES DO-IT-YOURSELF CONSTRUCTION EASIER THAN EVER
BEFORE AT A FRACTION OF THE PRICE OF THE FULLY ASSEMBLED
WERSI RANGE. GET THE FACTS NOW.

AURA SOUNDS 14-15 Royal Oak Centre, Brighton Rd., Purley, Surrey. Tel: 01-668-9733
and at 17 Upper Charter Arcade, Barnsley, W. Yorks Tel: Barnsley (0226) 5248.

1111111mm

ETI SEPTEMBER 1980

Send now
for the

104 page
full -colour
catalogue.

rPlease send me the full colour WERSI catalogue, price lists and supporting
literature (weighing 1 Ibl) I enclose a cheque/p.o. for E1.00.

Name

Address

Send to Aura Sounds (ET +3). 14 / 15 Royal Oak Centre, Brighton Rd
, Purley, Surrey j

amnr =. P .,1111 1- Ommor 1 1 0.E.~
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eMICRON% from
 FULLY BUILT,TESTED,and housed in ATTRACTIVE CASES
 6502 based microcomputer
 VDU alpha numeric display
 Powerful monitor TANBUG
 8K RAM
 32 parallel I/O lines
 2 TTL serial I/O lines
 1 serial I/O port with

RS232C, 20mA loop and
16 programmable Baud rates

 Four 16 Bit counter timers
 300/2400 Baud filenamed

cassette interface
 Data bus buffering
 Memory mapping control
 71 key ASCII Keyboard, including

numeric keypad
 Includes power supply
 Also includes the first
* 10K MICROSOFT BASIC

available in the U.K.
 All the usual BASIC commands
 Integer and real numbers
 Integer and real arrays
 Intrinsic functions ABS,INT,RND,SGN,SIN,

SQR,TAB,USR , ATN ,C OS , EXP, LOG,TAN.
 User defined functions
 READ and DATA statements
 Dump and load programs for cassette recorders
 Program editing command
 String function for text I/O
 BASIC can call user machine -code sub routine
 User machine -code interrupt handler interfaces with BASIC

36 ETI SEPTEMBER 1980
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TANGERINE
/la* TANRAM- 40K Bytes on one board!

Available soon! 12 slot SYSTEM MOTHERBOARD,
supports 277K Bytes

SERIAL & PARALLEL I/O boards
High Definition COLOUR GRAPHICS

For comprehensive
details send 12p stamp to:-

Tangerine Computer Systems Ltd.
Forehill,Ely,Cambs.Tel: (0353)3633

1

Name
',Address
1

1

1

1

1
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Fk NOW OPEN
MONDAY -SATURDAY

COMPUT
THE CHIPS ARE DOWN

MOSTEK, INTEL, NEC, MOTOROLA

I.C. PRICES SLASHED!

A massive purchase of brand new
"state of the art" data processing
equipment enables us to offer the
following chips at never, and we mean

never to be repeated prices.
8085A Central Processor E11.99
8155C 256x8 Static Ram £8.95
8253C Programmable Interval Timer £8.95
8255A Programmable Peripheral Interface £9.95
8259A-8 Programmable Interrupt Control £4.75
8755A 2Kx8 Eprom 16 1 /0 Lines £34.50
MC6850P ACAI £3.75
2652 MPCC Comms. Controller E24.00
2102 1K Static 650ns Rams 8 for  £5.25
1702 256x8 Eprom E3.75
5101 L-1 256x4 Static Ram 450ns £4.95

And Remember AN Chip Prices Include V.A.T.

AI above Its an turd new or removed from new unused socketed

P.LB (prams supplied washed.

All full spec. and guaranteed

DATA DYNAMICS 390
ASCII PRINTERS

#A011;11111't

ONLY
£135

An advantageous purchase enables us to offer you
these superb condition quality printers at a fraction
of their original cost. The 390 is a standard
Teletype printer housed in a soundproof case.
Standard features such as 80 columns, 20ma
RS232 interface and 110 Baud enable direct
connection to your M.P.U. Supplied in excellent
condition and guaranteed in working order.

SEMICONDUCTOR
'GRAB BAGS'

Amazing value mixed semiconductors, include
transistors, digital, linear I C.'s, triacs, diodes, bndge
recs. etc. etc. All devices guaranteed brand new, full
spec. with manufacturers markings, fully guaranteed

50  BAG 12.95 100  BAGS 15.15

MUFFIN FANS
Keep roil equipment Cool and Reliable with our tested ex equipment
Muffin Fans almost silent running and easily mounted. Available in

two voltages. 110 V.A.C. M.05 . pp 65p OR 240u AC. 16.15 pp

65p DIMENSIONS Id x 1+ a 1+ .

E LE CTR ON IC
COMPONE NTS
8 EQUIPMENT 66%

DISCOUNT
Due to our massive bulk purchasing programme
which enables us to bring you the best possible
bargains, we have thousands of I.C.'s, Transistors,
Relays, Cap's., P.C.B.'s, Sub -assemblies, Switches,
etc. etc. surplus to our requirements. Because we
don't have sufficient stocks of any one item to
include in our ads., we are packing all these items
into the "BARGAIN PARCEL OF A LIFETIME"
Thousands of components at giveaway prices!
Guaranteed to be worth at least 3 times what you
pay plus we always include something from our ads.
for unbeatable value!! Sold by weight

2.5kIs f 4.75+pp £1.25 5kls £ 6.75+pp £1.80
10kIs £11.75 +pp £2.25 20 kls f19.99+pp £4.75

ROM Et RAM
STAR OFFERS

4116 16K DYNAMIC RAMS 200ns
8 for £28.50

2716 2Kx8 SINGLE RAIL EPROMS
£10.25 each

2716 2Kx8 3 RAIL EPROMS
£8.50 each

ER WAREHOUSE 9 30 5 30
SUPERVALUE P.C.B. SPECIAL

Another great buy. Board contents include 62
Digital I.C.'s all located in 14 pin D.I.L. sockets.
Original cost over £90, our price only £4.95+ PP 65p.

OPTO SMA H

In stock now test equipment, microprocessors.
teletypesperipheral,

transformers, power
supplies, scopes. sig. gen's, motors,

equipment. I.C.'s, tools, components, variacs, keyboards,

transistors, microswitches,
V.D U's sub -assemblies  thousands of

other stOck lineA. Just a mere fraction
of our vast range, is

displayed below 100's of bargains for callers

T L 302/MAN 7 7 szygmant LED readout
common anode direct drive 1 via
resrsf ors) from 7447 f 1.10 each
TIE. 119/0072 Dartington opto
isolator 3 for f 1 ,00
TIL305 0.3 7 x 5 matrix LED
alphanumeric readouts 0.75 each.
PHOTO TRANSISTOR
Fairchild FPT. 100 NPN silicon 30v
25ma. 4 for E1.0

DISPLAY I C AND

TRANSISTOR
BARGAINS

NEVER CHEAPER

641(x8 DYNAMIC/STATIC RAM CARDS
A masterpiece of electronic engineering and our own advantageous
buying enables us to bring you a complete memory system at a giveaway
price. Originally made for a large processor the RAM card has many
features, including on board refresh, internal parity generation and
checking. Standard TTL inputs/outputs, +5, + 12, -15v supply rails
and its effective STATIC capability make it useable with many CPU's. A
fast cycle time of approximately 400ns make this a snip at only ft 25 00
+ E3pp. Supplied complete with circuits.

All I. C. 's and Transistors by
well known manufacturers and fully
guaranteed. No fall outs. Comprehensive
data on I.C.'s 15p per type.
2N4351 N channel MOS FET
2N4352 P channel MOS FET
60p each f 1 00 per pair
HIGH VOLTAGE NPN POWER
SWITCHING transistors BVcbo 600v
BVceo 500v BVebo 15v lc 5 amps
Pc 125 watts HFE 60 typ ft 2.5 mhz
deal novenas, etc. 103 f 1 60 each
4 for 15.40
8E258 NPN 250v @ 200ma 45p each
3 for El .08
I.R. BSB01 2.5 amp 100v bridge rec.
P C mount long leads 35p each 4 for
f 1 08
IN4998 4 amp 100v P.C.mount diodes
long leads 14p each 10 for f 1 .10
LM309K 1 .2 amp regulator f 1 10

each 6 for £5.35
AGFACIOcomputergradecassenescom-
pletewithlibrarycases68peach, 10for15.50
IN4004 SDI 1 amp 400v diodes 7p
each 18 for fl 00
I.R. 12 amp BRIDGE RECS. 400 volt
f 1 25 each

POWER DARLINGTON SCOOP,
MJ1M0 NPN fAx 90w 8 amps 103 95p each
246385 NMI 80v 100w 10 amps T03 01 15 each
PAJ1030 NPN 60v 150w 16 amps 103 02 25 each

SC.l2N3081 30,7 350 ma 1018 22p each6 for 01.00
2115061 60v BOOma 1018 27p each 4 for ROO

241441 50v 8 amps 1022015p each 10 for 14.00
C10601 100v 5 amps TTRE111322s55p each 10 for 05 00

G.E. 12 amp 693v 1022068 95p each 10 for 18 75

A.E.1. 10 amp 100v ready mounted on 2+ s 21

heatsink ft 00 each 1 for 13.75
LOW PROFILE I.C. SOCKETS

8 0.11. 10p each 12 for CIA
11 13 I L. 11p each 8 for 01.00
16 Dn. Gold Plated mil grade 24 each 6 for III
22 D.I.L.27p each 5 for 11 00
21 0 11 35p each 3 for f 1 00

10 D.I.L 813p each 2 for f1.00

OTHER GOODIES
2113055 IR LAI 65p each
216913 RF. output 10 volts. I wan up to ICOOMFa
Tas 55e each 10 lor 15.00
281301 W7020 F E T transistor 37p each 3Iot 11 00

LM31101111SL6051 110 I L 2 wait A F amp 80p

each 8 for 06.00
CA30218 OC 120 MHZ dillerenhat cascode amp
01 DO each 3 for 02.50
CA3011 20 MHZ wideband amp 1099 case 65p
each 2 for 11 00
TMS3111 DUAL MOS 128 bit state shift reg DC
2 5 MHZ El 50 each 1 for 11 25
NE555 10 for 12 55
6E424 zero voltage switch that SCR relay driver
105 can 01 10 each 7 for 06 50
FSA2719 8 independent diodes IN1118. 14911
type in 16 0 I I pack 38p each 3 for 01 00
PO31254 NPN 50v Surma transistors in 11
0 l pack 70p each 2 for 01 00

DECADE 0-9 THUMBWHEEL SWITCHES. Stackable, gold plated contacts,
dim. 33 x 43 x 8 mm. 90p each, 10 for £5.50.
Miniature Continental Series 12VDC 4c o plug in relays f 1 .30 each.
Greenpar 500 BNC Chass. socket single hole fixing 65p
C90 Audio Cassettes screw type construction 45p each 3 for f 1 00
Bulbs 24v 14 watt white frostedS.B.C. 8 for El 00.
Bulbs 12v 100 watt clear, base similar S.B.C.45p each.
S.B.C. Bulb Holders All steel cad plated panel mount easily fixed via nut and
round hole, ideal disco displays, scoreboards, etc. 4 for El 10
VMOS VMPI Siliconix T03 power FET 0-60v. DC -200 mhz will drive direct
from CMOS etc. El .50 each, full date 30p.
Heavy Duty Flat Insulated Earth Braid 100200 amp braided tinned copper
in heavy clear PVC sheath 50p per metre f6 for 15 metres « PP CT per 15 metres
BULGIN miniature 6 way male chassis mount socket and matching free plug
60p each, 2 for f 1 10

Red L.E.D.'s full spec. 0.2 14p each 10 for C1.25
Red L.E.D.'s9.125 10p each 10 for 80p1
Dynamic Stick Mica 6000 with built in oni off switch complete with lead and
min. jack plug El 15 each 10 for 110.00.
T05 HEATSINKS "Thermaloy" black anodised press on aluminium finned
type 18p each 8 for f 1 00

* SHUGART SA800*
8 Floppy Disk Drives

as new £225.00 + VAT

STOP PRESS
Just arrived. Teletype

ASR33, ASC1 1, 80 Column printers
complete with keyboard and
8 bit paper tape punch and,

reader. New low price ,,'ot

£235.00 + carr Er VAT '2°,:a

PHONE FOR MORE DETAILS. To

BARGAINS GALORE!
ob

In our walk round Warehouse 33 3381%08 
NOW open Monday to Saturday 9.30 5 30 ,-4rioiie

ClICIST
ALS

NCe

Hcts

tochun

HOW TO
GET HERE

Victoria, London
Bridge or Holborn

Viaduct to
Thornton Heath.

1 minute from
Thornton Heath

Station.

POWER SUPPLY UNITS
5 VOLT 2.5/8 AMP TTL Made for TTL this compact ex
computer systems unit features a 10 amp transformer. DC
outputs of 5 volts @ 2.5 amps and 7.5 volts @ 5 amps are
available. The 5v output is fully regulated and smoothed
with electronic current limiting. May be easily moded for
5 volts @ 7-8 amps. Sold complete with circuit, believed
working but untested. E8.25 + E1.130pp.

5 VOLT 3 AMP Ex computer systems, com-
plete on one small chassis, features full
regulation and crowbar over voltage protection.

£8.50 + pp 80p

PRINTERS
CENTRONICS 10IA 132 column
Matrix printer, serial/para8el input fS25 + VAT
DATA PRODUCTS 30E1100 LP. M. 80 column
Barrel printer, standard T.T.L parallel interface 1650 +VAT

Many other printers available from £45.00

KEYBOARDS
* 76 KEY ASCII CASED *

At last a coded 76 key cased ASCII keyboard at the
right price. Housed in an attractive light grey case,
this unit was originally made for ICL for use in air-
port reservation systems so only the BEST parts
were used. It has everything, we think, to meet
your most exacting requirements, numeric
keypad, upper and lower case, cursor controls,
single 5 volt rail, serial and parallel data outputs,
plus eight LEDs mounted on the case. Supplied
with circuits, believed brand new, but may have
minor scratches on cases.

Only 1.4.3.0U + f1 .60pp

* LOW PRICE CHASSIS *
-aa - -M11-

61111111111111111111110
0111111111111111111111

1211111111111111111101
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ELECTRONICS
Dept E.T.I. 64-66 Melton Rd., Thornton Heath, Surrey. MAIL ORDER
Telephone 01.689 7702 or 01.689 6800 INFORMATION
Unless otherWise stated all prices inclusive of VAT. Cash with order. Minimum
order value 12.00.Prices and Postage quoted for UK only Where post and
packing not indicated please add 40p per order. Bona Fide account orders
minimum 110.00.Export and trade enquiries welcome Orders despatched
Sane day where possible. Access and Barclaycard Visa welcome.

A special bulk purchase enables us to offer the above keyboard at a
lowest ever price. 19 coded keys encoded into a direct TTL compatible

bit output. Features such as delayed strobe. 5 volt O.C.single rad
operation and rollover protection make this an absolute must for the
MPU constructor' Supplied complete with connection diagram and edge
connector, at a secondhandf2"no tome to test' 0.00 + P.P. £1.60

price of only

9C9t SUPER CASED VERSION Same as above spec. but housed
Y2 15 in attractive two Wile moulded, free standing case. Ann also
02 35, includes an all TTL parallel to serial convertor Ino details)
t2 3525 etc

P5j2 32
25

(C12(C:21°:0

£27.50 + P.P. 11.85

TOROIDAL TRANSFORMERS

HP 210v prr sec 2 ir 30v @l amps 2 I 18v @1 amp f 1 1 00.p p 01951
dimensions 11 r 21
PR 210, pis sec 15 0 15 @ 2 amps dimensions 3 a 11 01 95.p p 99p
TM 210, 110v pis sec 15 0 15 bylt dirnenbons 25 .1 II 95.p p 30p

All voltages measured off load.

Plugs, Sockets Et Connectors Cannon 'D' Range
Ways Plug Socket

9 £1.03 £1.26
15 11.17 £2.01
25 11.72 £2.58
37 12.35 £4.14
50 12.90 £5.46

25 way ex -equip. plug or socket £1.25
Edge connectors, gold plated

0.1 DS 85 way £3.99
0.1"DS 45 way £2.45
0.15 -DS 56 way £3.25
0.156DS 36 way E2.00

All connectors easily cut to size
1000's or' other connectors r v stock



NEWS

AUDIOPHILE
Empire's new Dynamic Interface

series comes under scrutiny

this month and Ron Harris

has some second thoughts

on metal tape tests.

After last months highly physical encounter with the )VC
AX9 and its 37Ibs of muscle rending weight, I decided to
cheat the truss a little longer and return to the realm of

the phono cartridge - where weight is measured in grams and
a man (and his assets) can feel comfortable in their wo..k.

A friend of mine - yes, even editors have friends - has
for some time been muttering darkly about Empire cartridges
being the best thing since the Big Bang. But after they manag-
ed to ignore my pleas for an E DR -9 when last I lined up the can-
tilevers I had all but given them up as a figment of his lurid im-
agination.

However, with the dawning of a new day - and the shuf-
fling arrival of our geriatric postman - was delivered unto me
a small brown parcel, containing not one but two Empire car-
tridges. Once more I am forced to revise my model of the
Universe. Wrong again.

Having beaten off my friends grasping, avaricious little
paws and refused all offers to kidnap Felicity Kendal in return
for the contents of the box, I found myself confronted by the
new Dynamic Interface series in the form of its 600LAC and
400TC manifestations.

Right then, into battle, SME raised against the fall of night
and the howling of the wolves(i.e. neighbours).

Empire Strikes Back
These cartridges use a moving -iron principle to generate

their millivolts, inherently more linear than the more common
moving magnet. The top two in the range, the 600LAC and the
5001D also employ an 'internally dampened' cantilever to
overcome the mechanical h.f. resonance at around 18 kHz.

Other innovations include a cantilever composed of an
Aluminium alloy with Boron deposited into it, reduced tip
mass and 'two position locking' for the stylus assembly to en-
sure that it is correctly located.

Benefits claimed are flatter frequency response due to
close control of resonance, reduced IM distortion, increased
trackability (sorry Shure!), good hum rejection and reduced
record wear. In fact everything short of the power of regenera-
tion. Maybe that comes with next year's model.

ETI SEPTEMBER 1980

The basic engineering concept of these cartridges differs
from the 'norm' in that here the coils and magnets are fixed in
place within the body, a hollow iron armature is attached to
the cantilever and generates the output in the coils by moving
within the field from the three magnets situated next to them.

Unusual is Empire's use of two 'front' magnets to linearise
the field through the pole pieces and coils, which also act to
reduce hum pickup. Field strength is effectively concentrated
in the gap where the armature is in motion. Empire say this also
reduces m icrophonics (susceptibil ity to outside vibration).

Inside Story
The 600LAC features the inertially dampened tuned

stylus (IDTS) system, Empire's scheme to defeat h.f.
resonance. This employs an assembly INSIDE the cantilever,,
consisting of elastomer ring and iron piecework, which pro-
vides an antiphase resonance at the critical point to produce a
much flatter "twin peak" overall response around resonance.

The diagrams explain this better than any combination of
letters and spaces.

Stylus Mechanical Overall
Resonance Stylus-

....,-- Cartridge
\\ Response

Cartridge
ElectricalElectrical
Response

Frequency

Frequency response of a conventional
stylus assembly.

Original Mechanical
Resonant Frequency

"Double Tuned"
Mechanical
Response

Z.
E<

Frequency -.
Frequency response using Empires patented

Inertially Damped Tuned Stylus.

Tapered Cantilever

Outer Elastomer

1( onto Y)
Armature

Diamond Tip
Inner Iron

Inner Elastomer

Empire's patented InertlaBy Damped Tuned Stylus.

Says it all better than words - Empire's IDTS system.
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The 400TC pickup reclining in its box awaiting the moment of truth and the SME.
All the DI range are physically similar and are distinguished by the colour of the
stylus carriers. In the case of the 400TC this is an extremely lurid red.

LAC stands for 'Large Area of Contact' and implies that
lower record wear should be expected from the 600LAC than
from a normal elliptical or spherical point. Under high -power
magnification a very high order of finish was revealed on our
sample, confirming the manufacturer's claim of having paid
special attention to stylus polish. Such care would manifest
itself in better preservation of those irrepairable grooves and
lower surface noise.

The 400TC has the tapered cantilever of its more expen-
sive brethren, and a lower tip mass than most units in this price
range. The 400TC retails at around £30 and the 600LAC at

Stylus Guard,,
The three
posit,. StykIS Ns`
quart, protects
the stylus and
is removable
Ica less mass

Bodge
Houses the
stylus assembly

Diamond Stylus
Precislon cut
and polished to
reduce wear

Carthlerer
Extremely light
mass tube that
links the stylus
and armature

Annette.,
Light mass
h011ow iron
armature vanes
the flow among
the poles asst S

moved about by
the stylus 'rave,
mg through the
records groove

Elaslorner
Compliant
Suspension lor

ccurate Des)
tioryng of the
stylus

Metal Body Poles (4)
Acts as a shield The engineered
against exterior angle and shape
hum serve to guide

and concentrate
the magnetic
flow in the gap

Shorted
Turn Plate
Connects pole
and tunes out
high frequency
resonances

Magnetic Gag
Movement of
armature here
creates elec.
ironic signal Front
to flow in cols Magnets (2)

Equalizes the

1k3.
magnetic now
when stylus IS
not in motion
TO prevent
m.crolahOn,CS

Coils (4)
Carry the cur
renl from the
magnetic gap

Stylus Carrier
Holds elastomer
and aligns arma-
ture with the
center of the
magnetic gap

Rear Magnet
Generates
magnetic bow
throughout

Shunt Plate
ComPteles the
magnetic circuit
Of the pole
P.eces

Terminal Pins
Gold plated to
assure good
electrical con
nection to
tone arm

Rear Shield
Shields Irom
num

Ground

Grounds the eg
Shag

cartridge bOdY
lo diyerl unde-/
suable hum to
amplif let ground
talso gold
Plated)

Terminal Board
Holds the ter
mina! pins and
Identities R L
LG and RG
connection

An exploded view of an Empire cartridge. Note the use of two small magnets
ahead of the main assembly. This is to concentrate and linearise field strength in
the region around the moving iron element.

40

about £75 - both in very competitive areas indeed. Good per-
formance is not a bonus here, merely a basic requirement for
(commercial) survival.

Packet In?
One immediate disappointment must be the presentation

of the cartridges. Both arrive wedged into a block of
polystyrene, along with fixing hardware and mandatory
screwdriver. Outer packaging is a simple cardboard sleeve.
Whilst one can applaud the avoidance of expensive trappings
that do nothing to enhance performance, surely this is going a
little too far - especially at the £80 or so of the 600LAC?

Indeed, the overall appearance of the cartridges
themselves does not manifest the overtly confident engineer-
ing that one gets from something like a Shure or an Ortofon.
Not that they are anything but well made - please don't go
thinking that Audiophile is casting needless aspersions! The
company offer a two year guarantee on all the range as proof
of their confidence in the product. It is certainly not misplac-
ed, I think.

Sound Evidence
After the measurements had been taken and the lab stool

vacated for a more comfortable armchair, the 600LAC was
auditioned mounted in the inevitable SME series III pickup
arm - still the Rolls Royce of its field. Comparison was drawn
against the Ortofon/SME 30 H and Coral MC81 (moving coil)
units.

Wh ttever the criteria the 600LAC is a good cartridge. Its
sound is characterised by a solid bass and a forward presenta-
tion. Treble is very well extended and smooth. Resonances are
well controlled, so that damping is certainly effective audibly.
The Empire works well with any type of music, but undeniably
adds a certain amount of 'life' of its own that is most exciting
with rock.

At times I could detect a slight 'edge' on difficult, heavily
modulated passages although tracking was always impec-
cable and the 600LAC was never tricked into mistracking. It
has a great deal of the sparkle and transparency of the best
cartridges around, but loses out in the mid -range where it is a
little veiled when judged absolutely. Nonetheless all hi-fi is a
compromise of some sort or other, and this pickup gives away
less to perfection than most. Good value, I thought.

Onto the 400TC, which was compared against the Shure
M97EJ and Goldring G900 IGC reference. In a straight A -B
comparison the Empire betters the Shure, but falls short of the
more refined G900 IGC. It does offer very good returns on the
£30 investment required to secure its services, however.

Like the 600LAC, the sound is forward in nature and pro-
jects the music outwards from the loudspeakers. Presentation
is confident with a good low frequency performance and very
smooth top end. As long as speakers are chosen to comple-
ment the distinctive style this Empire would be a worthy addi-
tion to any system in the £400-£600 price range.

In fact the 400TC is close enough to the 600LAC to make
me wonder what place exists for the 5001D, a model that sells
for £45 and sits between the two in the Empire range.

Conclusions
Overall then, two good units well placed to succeed and

which should be added to shortlists for audition at the friendly
neighbourhood dealers. Good features common to both were
an insensitivity to surface noise, extended bass and smooth
treble. Well worth a listen.

I can see Empire gathering quite a following for this new

ETI SEPTEMBER 1980



NEWS: Audiophile

Model 600LAC

1 Frequency Response Bandwidth 6Hz-50,000Hz

2 Frequency Response 20Hz 28,000Hz±134 dB
3 Tracking Force Range I to 2 grams

0 Recommended Tracking Force 11/2 grams

5 Separation @ 200Hz 21dB

30 dB

20 dB

17 dB

a 1%

a 4%

LAC

Boron vapored, inerhally damped, Tapered Aluminum alloy
tapered Aluminum alloy

0.6 mg

20x 10. cm/dyne

28.5 x 10" cm/dyne

179 cm/sec

38 cm/sec

within 1.0 dB

20°

4.0 mV

2 Samarium Cobalt, 1 lndox

47k Ohms

150 pF

@ 1kHz

5kHz

@ 12.5kHz

6 /.M. Distortion @ 3.54 cm/sec

@ 14.5 cm/sec

7 Stylus Shape and Size

8 Cantilever -

9 Effective Tip Mass

10 Compliance (Dynamic)

(Static)

1/ Tracking Ability @ 300Hz

@ 1kHz

12 Channel Balance

13 Vertical Tracking Angle

14 Output @ 1kHz @ 3.54 cm/sec

15 Number and Type of Magnets

16 Load Resistance

17 Capacitance

18 Hum Sensitivity @ 60Hz 0.34 AV/A/ m

19 Total Weight 5.3 grams

20 Stylus Replacement No. & Color S600LAC (Black)

400TC

7Hz - 34,000Hz

20Hz -20,000Hz±2 dB
34 to 2 grams

11/4 grams

20 dB

28 dB

20 dB

16 dB

015%

0.5%

0.2 x 07 mil bi-radial

0.6 mg

20x 10' cm/dyne
23 x cm/dyne

17 9 cm/sec

32 cm/sec

within 10 dB

20°

3 8 mV

2 Samarium Cobalt, 1 lndox V

47k Ohms

150 pF to 400 pF
(350 pF optimum)

0.5 AtnAim

53 grams

S400TC (Red)

How about this for a set of specs? Empire are certainly unafraid to lay it all out in
black and white. On test no significant differences were discovered. Hum
susceptibility was not tested - you'll note that they have specified this at 60 Hz.
Damn colonials again is it not? Tracking weight ranges are sensibly specified and
I found that the lower values worked well.

range of cartridges without too much difficulty, and I can
think of no higher praise than to comment that while audition-
ing the 600LAC I was in no hurry to return to the familiar tones
of my reference unit.

Tape Measures
Up -cock on the measurement front it seems. Many moons

ago I reviewed the TCK 55 II from Sony and in doing so ap-
parently discovered that said machine would not function to
the best of its considerable ability with Sony tapes. Metal
variety, anyway. Since then Sony have made a valiant effort to
completely bury me in cassettes, on the principle that the one I
had was a bad sample and all others will work.

After clambering out from under the little plastic boxes
and clearing a space to work, I sat down to do a retest with
some other examples of their metallic machinations. Lo and
behold. Better frequency response and improved linearity.
Suspicious editorial mind begins to dream up fiendish
Japanese plots to "fix" results. Is Audiophile having its
statistics interfered with?

A strong desire for impartiality, together with a fair help-
ing of cowardice led me to pack off the TCK 55 II and all its lit-
tle metal ammunition for independent testing once more. I
neglected to tell the engineer concerned about the initial
discrepency on a particular tape type, just to see if he'd turn it
up independently. Come to think of it, those Samurai warriors
polishing their swords outside my door may have slipped my
mind too - still I probably imagined it .

It would appear from a consideration of both our results
that there ws something wrong with the tape rather than the
machine, after all. That probably clears Sony Tape Recorders
Ltd off my back, but enrages Sony Cassette Production 1921
Ltd, or some other such edifice.

(Maybe it is no coincidence that everyone in my train
compartment this morning was of oriental extraction and car-
ried a long and curved thin brown paper parcel. Anyone know
the Japanese for: "Me given up reviewing hi-fi, taken up knit-
ting instead"?)

ETI SPECIAL OFFER!
3 -wave band alarm clock radio
at a price that won't alarm you.

Every aspect of this beautifully designed elec-
tronic alarm clock radio has been carefully thought out
From the superb sound quality and immaculate white
housing to the dark face which gives clear and easy
reading of the time.

And at approximately £8 cheaper than con
ventional shop prices it also makes a superb gift.

WAKE TO MUSIC OFF THE ALARM
Unlike so many alarm clock radios you can

actually choose how you want to be woken -up -by the
insistent alarm tone or by soothing music.

And in case you feel the need for an extra few
minutes in bed there's even a repeatable 9 -minute
snooze button.

Once the alarm or music has been activated you

can simply touch the snooze sent
undisturbed, warming 9 -minutes under the covers
before you are woken again.

Similarly, the music snooze sensor can be set
before you get into bed so that you can be gently
serenaded into sleep before the radio automatically
cuts itself off.

NO FEAR OF POWER FAILURE
So many alarm clock radios let you down

because they are totally dependent upon a constant
supply of electric power.

But not this one.
The advanced Hanimex design has even inc or -

£2,195
special magazine
offer (inc p&p)

a stand-by battery feature which automatically
takes over to power the internal electronic clock and to
keep the correct time and alarm setting accurate.

I- -To Modmags Ltd., (Sales Office) -
145 Charing Cross Road.

London WC2H OEE

I enclose for alarm clock radios.

Name

Address

ETI



PRIME COMPONENTS
LOW PRICES

Also our micro chips are et micro prices. Don't be fooled by low prices. We do not offer for
ale, surplus, sub -spec or rebrended devices. All our pent are guar d new, first quality,
factory prime, full spec devices. It is also our policy to offer you the best of new devices that
become available end these are featured regularly. Prices are exclusive of p&p and VAT -
pluses refer to "Ordering Information" before ordering. Official orders from Schools,
Colleges, Universities and Gov. Authorities accepted.

4041 ;::
X 55p 4042 "p
935
93/

659 4043 86p
.66.9 4044 88p

944 99/1 4045 1130p
946 nP 4047 99p
957 ::9 4048 56p
962 4049 38p
9099 909 4050 40pMIA 252 75p69P
7400 11p 4053 73p
7401 12P 4054 111p
7402 125. 4055 121p
7403 13P' 4056 121p
7404 17P 4059 560p
7409 18p 4060 112p
7410 16p 4063 112p
7412 113,, 4066 56p
7513 28p 4067 422p
7420 16p 4068 19p
7430 18p 4069 19p
7432 25p 4070 it:
7440 18p 4071
7442 68p 4072 25p
7448 75p 4073 25p
7473 32p 4075 20p
7474 32p 4076 88p
7475 40p 4077 23p
7476 40p 4079 29p
7490 359 4081 23p
7492 509 4082 25p
7493 50p 4085 86p
7496 45p 4086 68p
74121 35p 4089 130p
74123 45p 4093 68p
74154 90p 4094 225p
74157 55p 4095 99p
74122 45p 4096 325p
74125 50p 4098 110p
74195 100p 4099 180p
74196 100p 4501 25p
74283 140p 4502 112p
74290 120p 4503 68p
74365 90p 4507 52p
74366 90p 4508 288p

4510 76p
4511 125p
4512 75p
4514 250p
4515 290p
4516 109p
4518 99p
4520 99p
4521 230p
4526 105p
4527 130p
4528 99p
4529 140p
4531 150p
4532 125p
4538 150p
4543 160p
4556 70p
4560 225p
4569 240p
4572 46p
4584 79p
4585 125p

741S00
741301
741504
741308
741510
741311
741512
741514
741315
741320
'41530
741532
741540
741542
741547
741348
741349
741573
741574
741575
741586
741590
1415107
7415123
7415125
7415132
7415138
7415151
7413153
7415155
7415161
7413163
7415164
7413168
7413174

18p
12p
15p
20p
19p
30p
30p
60p
38p
19p
19p
259
26p
56p
78p
85p
99p
30p
30p
39p
39p
401,
40p
69p
509
79
69pp
75p
75p
65p
78p
90p

1900pp

99p
7415175 99p
7415195 87p
74LS221 110p
7415244 176p
74LS245 325p
7415251 120p
7415257 110p
7515290 95p
7413293 120p
741S366 57p
7415373 170p
741537417op
741S375 140p
741S377 188p
7415393 135p
7413490 140p
7413670 Z80p

.1001
4002
4006
4007
4008
4009
4010
4011
4012
4013
4014
4015
4016
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030
4031
4033
4035
4036
4037
4038

1131,

18p
75p
19p
80p
35p
45p
24p
24p
38p
70p
75p
35p
75p
78p
42p
88p

100p
88p
22p
50p
20p

130p
45p
75p
80p
50p

195p
145p
104p
290p
105p
110p
290p

74
74C20
74C76
74C85
74C97
74C98
74C107
74C160
74C161
74C162
740163
74C192
74C193
740194
740195
74C903

30p
609

145p
125p
125p
100p
110p
145p
145p
145p
175p
175p
175p
175p

45p

2114 30ONS 275p
4116 20ONS 300p
4116150NS 395p
4315 146111 CMOS
45ONS 995p
6514 4K 116,4) CMOS
RAM45ONS 7116p

(PROMS

17024 450p
2708 450 NS 425p
2716 5V 450 NS 9115p
2532 32K 450 NS 2995p

U AR TS

49510134
AY -3.101 5D
IM6402

CHARACTER
GENERATOR

325p
398p
425p

R0.3-2513 UC 450p

CPU'S

6502
6504
6505
6800
6802
8080A
80854
Z80
21304
Z8001
Z8002
WD9000B

VOLTAGE
REGULATORS

7805/7812
7905/7912
781305SC
78X0 KC

BIPOLAR PROMS

795p
795p
795p
695p
995p
525p

1095p
795p
995p

12500p
9500p

19900p

55p
651'

575p
625p

93448 512z II 40 85 p.o.e.
93453 lk a 4 40 NS p.o.e.
33451 Ike I 45 NS p.o.e.
93511 tk .8 59 ItS p.O.a.

SPECIAL OFFER! 4K CMOS RAM (1K x 4) 450 NS
ONLY £7.95! (8 for £50)

The TC 5514P from Toshiba, CMOS equivalent of the 2114!
Low Power Dissipation

10W/BIT (TYP) @ 3 OV (STANDBY)
10VV /BIT (TYP) @ 5.0V (OPERATING)

' Data Retention Voltage 2V to b.bV
' Single 5V Power Supply

ZULU II CLOCK KIT WITH CALENDAR AND
NOXIm CIRCUIT

vittilPr

' 18 PIN Plastic Package
' Full Static Operation
' Three State Output

Input /Output TT1 Compatible
' Fast Access Time 45095

Toshiba's TC5514P (industry type 6514) is a full static read write memory organised as 1024 words by 4 bits using CMOS technology.
Ultra low power dissipation means it can be used as battery -operated portable memory system end also as a non-volatile memory with
batten/ backup. Operates from a single 5V power supply with static operation, hence no refresh periods and a much simplified power
supply circuit design. Three state outputs simplify memory expansion for minimum data retention voltage is 2V. the battery back-up
systems needs only simple circuit. Toshiba's original C2MOnitechnology also means wide operating and noise margins. The TC5514P
is moulded in a dual -in -line 18 pin plastic package 0.3 inch width.

X-RATED CLOCK!
ONLY £19.99

Custom high impact moulded
case with ruby lens. 84.99

P&P 82p 4- VAT

X-TRA VALUE. All the components and high quality plated G-10 PC Boards are provided.
X-TRA CARE IN DESIGN. No wires between readout board and clock board large open layout.
X-CELLENCE IN IDEAS. 5 years of designed products for the amateur radio market.
X-CELLENCE IN INSTRUCTIONS: Clear step-bystep instructions with quality illustrations. The

assembly manual is not a read-betweeothelines afterthought!
X-TRA FEATURES. There has never been a clock kit with so many features - al any price!
 Unit operates on either 12 VAC or 12 VDC.
 On board QUARTZ XTAL TIMEBASE.
 Automatic BATTERY BACKUP'. Never worry about power failures again!
 Reads true 24 HOUR TIME and 31 DAY CALENDAR.
 Unique NOXtm CIRCUIT activates readouts with a handclap or they can be turned on constantly.
 When used mobile readouts blank iginition is off
 Special NOISE SUPPRESSION and battery reversal circuits.
 Bright 1/2" LED's show hours, minute and seconds

Just clap your hands and the time appears for 5 seconds followed by the date for 4 seconds. A low
cost 9V transistor battery provides stand by power in the event of power failures up to 4 hours. With
the addition of a low cost 12V 300 MA transformer. the unit will work on AC.

KEYBOARD ENCODER

AY52376 795p

FLOPPY tISK
CONTROLLERS

1017711-01 5/0 muted Bas
29959

F01791 B-01 D/D Inverted But
4995p

101792 B-01 5/0 Howled Boo
3495p

F01793 B-01 D/D Trim Bat
5495p

F01791 B-01 S/0 Tree But
34959

F01795 B D/D !worth' Bsa.
dl. sokoci 5995p

F01707 I 0/11 True Bat.
PM HMI 5995p

SUPPORT DEVICES
6520
6522
6532
6551
6810
6820
6821
6850
6852
8212
8214
8216
8224
8228
8251
8253
8255
8257
8259
MC14412VL
Z80 PIO
Z130 CTC
Z804 PIO
Z804 CTC
Z80 DMA
Z804 DMA
Z80 510,0
Z804 510/ 0
Z80 510/ 1
Z804 S10/1
Z80 SIO / 2
2804 810 /2

495p
795p
896p

1095p
375p
425p
425p
425p
425p
395p
450p
395p
395p
395p
495p

1125p
495p

1050p
1325p

797p
595p
595p
695p
695p

1995p
2495p
2995p
3495p
2995p
3495p
2995p
3495p

SE 01 Sound Ejtects
Kit
The SE -DTs a complete kit that
contains an
the parts to
build a pro- IN' 161. if V -
grammable 1901:::Att.
sound effect, / cis

generator 1.44411)nr::::41:
Designed
around the
new Texas
Instruments
S N 754 7 7
Sound Chip,
the boardprovides
banks of
MINI DIP
switches and
pots to pro.
gram the
various com-
binations of
the SLF
Oscillator,
VCO. Noise,
One Shot,
and Envelope Controls. A Quad Op Amp
IC is used to implement an Adjustable
Pulse Generator, Level Comparator and
Multiplex Oscillator for even more ver-
satility. The 31/4" x 3" PC Board features a
prototype area to allow for user added
circuitry. Easily programmed to duplicate
Explosion, Maser Guns, Steam Trains,
or almost an infinite number of other
sounds. The unit has a multiple of appli-
cations. The low price includes all parts,
assembly manual, programming charts,
and detailed 76477 chip specifications. It
runs on a 9V battery (not included). On
board 100MW amp will drive a small
speaker directly, or the unit can be con-
nected to your stereo with incredible
results! (Speaker not included.)

COMPLETE KIT ONLY £14.99
P&P 67p + VAT

0-OULTRASONIC SENDER RECEIVER KIT
TOTAL SECURITY! Completely invisible ultrasonic (23KHZ) Sound beam works like a
photoelectric beam but is unaffected by light, heat or noise. Separate Transmitter and Receiver
can be used from 6 inches to 25 feet! A solid object breaking the beam causes an output to go
low that will sink up to 150 MA to Drive a Relay, TRIAC, etc. Complete electronics are
provided. Works on 12VDC (unregulated) and draws less than 100 MA. Use it for burglar
alarms, object counters, automatic door openers, automatic door bells, electronic rat
trap(?) and more. ONLY £19.93 P&P tap + VAT

VIABLE ALARM KiT
A fun EASY kit to assemble that emits an ear piercing 10
watt dual tone scream. Resembles European siren
sound. Great for alarms or toys. Operates from 5-1 2VDC
at up to 1 amp (using 1 2VDC  8 ohm speaker). Over
five thousand have been sold. All parts including PC
board, less speaker. ONLY £4.99 P&P 67p + VAT

M1871 RC ENCODER/TRANSMITTER
LM1872 RC RECEIVER/DECODER

New from National. The LM 1871 is a complete six -channel digital
proportional encoder and RF transmitter intended for use as a low
power. non -voice unlicensed communication device at carrier
frequency of 27 MHz with a field strength of 10.000 uV meter at 3
metres. In addition to radio controlled hobby toy and
industrial applications. the encoder section can provide a serial
input of six words for hard wired, infra -red or fibre optic
communication links. Channel add logic is provided to control the
number of encoded channels from three to six. allowing increased
design flexibility When used with the 1M 1872 RC receiver/
decoder. a low cost RF linked encoder and decoder system provides
two analog and two ON /OFF decoded channels. Super versatile
chip Just oui. Just look at the features - low current 9V battery
operation - on -chip RF oscillator/transmitter - one timing
capacitor for six proportional channels - programmable number of
channels - regulated RF output power - external modulator
bandwidth control - on -chip 4 6V regulator - up to 80 MHz
carrier frequency operation
LM1871 £5.50 LM1872 E5.50 Pair E10.50.
Date sheets 25p such,

PROGRAMMABLE DUAL OP
TRANSCONDUCTANCE

AMPLIFIER
New from National Semiconductor. the
LM 13600 is a programmed° dual operation
transconductance amplifier designed to be
used as a fundamental building block in
current controlled amplifiers. filters and
oscillators It can also be used in multi-
plexers. timers and even sample and hold
circuits. It is well suited for use in electronic
organs and music synthesisers, because it
can modulate waveshapes with ease. The 16
pin L M13600 is programmable over six
decades. allowing it to function as a basic
building block in a broad range of electroni-
cally programmable resistors and filters. A
truly remarkable circuit. ONLY £1.25 +
VAT. Data 25p

LINEAR IC's INTERFACE
LINE

4133.1350
AY 3-8910
709
723
741

17106
CL7107
CL8038
CM
CM72166
CM
M30 IAN
M311
M318
M324
M339
M380
M1496
M1871
M1872
M3900
M3914
M3915
M13600

NE555
NE556
RC4136
SN76477N
TBA810DAS
TL071
TL074
71082
T1.084
T1490
XR2206
X02207

DII SWITCHES
pule

6 pole
8 pole
i 0 pole

795p
825p

30p
33p
18p

595p
695p
295p

1875p
1675p

80p
30p
50p
75p
45p
45p

'65p
65p

550p
550p

50p
22Sp
225p
125p

18p
50p
85p

175p
85p
55p

130p
7Sp

110p
175p
325p
375p

99p
115p
140p
175p

MC1488 90p
MC1489 90p
DM8123 125p
75150 125p
75154 125p
75182 195p
75322 250p
75324 325p
75325 325p
75361 350p
75365 295p
75451 50p
754912 75p
8726 175p
8T28 175p
8795 175p
8797 175p

LEDs
711209
TIL211
TI1212
TIL220
TIL 222
111224

DISPLAYS

9p
13p
15p
12p
15p
18p

FND500 80p
END510 80p
END567 125p
DL 704 85p
DL 707 85p
MV57164

225p

ISOLATORS
8074 120p
1)074 325p
MCT6 90p
T8111 75p

UNIVERSAL SCR
C106D 400V/ 5A Sale 30p

TIE'S'. A r3.8910

400, cing
/wee

THE NEW GI
COMPUTER SOUND CHIP

The aniasing AY3-8910 is a fantastically
powerful sound and music generator. perfect
for use with any 8 -bit micro proCessOr. Contains
3 tone channels, noise generator, 3 channels of
amplitude controls. 16 -bit envelope period
control. 2 parallel I/O. 3D/A conveners plus
much more. All in 40 pin DIP Super easy to
interface to the S-100 or other Busses.
Only £8.50 + VAT, including FREE reprint of
BYTE '79 article) Also, add (2.25 for 60 -page
data manual.

Perhaps the next famous composer will not
direct a 1 50 -piece orchestra but, rather. a trio of
microcomputers controlling a bank of AY3-
8910s BYTE July 79

TUNES SYNTHESIZER
That 473-1350 It a 1105 altrecoadolsr twelltsizor al pr ....... Noel tuts hr
ipplicelims is tip. male bolos cud der ctimas. Tko esedard dories us teal Of
25 diflortal popolar sod classical boat. la Waldo hart ore 3 cheat 561101
total al 25 how.

FEATURES

Roma] extanul corapanamta
 latimhbe latch -an opal al sod el Han Ix pomp siring
 Font*. (HOD! le pm woos or pica quality
 Swosstial Mos moo

4 door capability ohm rod 1t door how
 °Herat»e sit lows io oxlernal POOH II rewired 12700)
 &ph sandy I +51(loporoliso
 Tents mobilo STOP WARS. BEETHOVEN'S 917I sad 5TH. JIMBLE BELLS. YANKEE

00001E. STAB SPANSLED BANNER. CLEMENTINE. GOD SAVE THE QUEEN. 0 0515

IMO. WESTMINSTER CHIMES. and DESCENDING OCTAVE CHIME P1.05 NAVY 60691

Alt droned sport sod astruchoos. £6.95

31h -DIGIT LIQUID CRYSTAL DISPLAY
with Lew am' Indicator

 High Contrast Ratio
 Wide Viewing Angle
 0.5 in. Digh Height
 ULTRA Low Power Consumption
LCD106 £6.45

 Fahasj

LED BAR GRAPH AND
ANALOG METER DRIVER

New from National LM3914 Drives 10 LED
directly for making bar graphs audio power
meters analog maters LED Oscillators. etc.
Units can be stacked for more LEDs. A super
versatile and truly remarkable IC.
Special price. Only E2.25
12 page data 25p
Matching red bar display MV57164 E2.25
Data 25p

THE NEW ULN-2232A INTEGRATED MOTION DETECTOR
The most SOPHISTICATED MOTION DETECTOR available!

' Automatic Timed Reset
120 Hz Remotion

' Two Sound Patterns
Long Range Operation

100mW Audio Output
Voible or Infra -red Response

' 14 -pin Dual InAne Clear Plastic Package

Combining 121 and Bipolar circuitry. the U1N-2232A Motion Detector is a complex optolinear IC which includes an
on -chip pholothode. high -gain logarithmic and linear amps, extensive digital circuitry for sound generation and timing.
and high -current output drivers. Add on five small capacitors, a speaker and power source and you turn this
state -of -the -an device into a complete Motion Detector sensitive to small changes in light level as a function of time.
DETAILED DEVICE DESCRIPTION AND APPLICATIONS INFORMATION INCLUDED WITH EVERY ULN-2232A
ONLY E7.60II

THE INCREDIBLE NEW MUSIC MACHINE KID
ONLY 09.95 plus 65p p&p. and VAT

As featured in BITE. lids 1979
Basal as the new GI Tunas Sysikosuor clip 47.3.1350.
with 25 thiferent popular sod Oatmeal Pan PLUS 3
Merest Omni Use it lot a musical door bell lap to 4
&torsi'. mobile horn. toy or omit box Sou env to WI.

Ordering information. Unless otherwise
mated. for orders under E50 add 50p p&p.
Add 15% VAT to total. AU devices are brand
new factory prime and full spec and subject
to prior sale and availability. Prices subject to
change without notice.
Minimum telephone or/i"
using ACCESS is E10
If ordering by post W,
Access. include name.

dress and card no wroici
Clearly

LOW PROFILE SOCKETS BY TEXAS so,
8 pin 7p 18 pin 1Sp 24 pin 22p

14 pin 9p 20 pm 19p 28 pin 2S9
16 pin 10p 22 pm 22p 40 pin 28p

The XR2266 Decoder/Sense & Drive Chip for toy
cars that DRIVE LIKE REAL!

ONLY £5.45!
This versatile 18 -pin dual in -fine IC combines both the decoder and the sense
and drive functions to cut remote control car circuitry by at least a factor of two,
Steering, lights. indicators, speed control - all from the new XR2266 at only
£5.45!

TUNE
Inuits

4 Meeting Street, Appledore, Nr.
Bideford, North Devon EX39 1 RY.
Tel. Bideford (02372) 79507. Telex.
8953084.



Wilmslow
Audio

THE firm for speakers!
SEND 50P FOR THE WORLD'S BEST CATA
LOGUE OF SPEAKERS, DRIVE UNITS, KITS,
CROSSOVERS ETC, AND DISCOUNT PRICE
LIST.

AUDAX - AUDIOMASTER - BAKER - BOWERS & WILKINS -
CASTLE - CELESTION - CHARTWELL - COLES - DALESFORD -
DECCA - EAGLE - ELAC - EMI - FANE - GAUSS - GOODMANS -
HARBETH - ISOPHON - I.M.F. - JORDON - JORDAN WATTS -
KEF - LOWTHER - McKENZIE - MISSION - MONITOR AUDIO -
MOTOROLA - PEERLESS - RADFORD - RAM - ROGERS -
RICHARD ALLAN - SEAS - SHACKMAN - STAG - TANNOY -
VIDEOTONE - WHARFEDALE.

WILMSLOW AUDIO
SWAN WORKS, BANK SQUARE

WILMSLOW, CHESHIRE SK9 1 HF

Tel. 0625-529599 FOR MAIL ORDER AND EXPORT OF
DRIVE UNITS, KITS, ETC.

Tel. 0625-526213 (SWIFT OF WILMSLOW) FOR HI -Fl
AND COMPLETE SPEAKERS.

POWERFETS
Some day all power transistors will be made this way!

CHAN
VDS
max V

ID
max A

PDISS
max W

RDSON
Type Case Price

BD512 P 60 1.5 10 t(3.5) 10202 85p

BD522 N 60 1.5 10 2.5 10202 80p

VMP4 60 2.0 25 2.0 380-50E 1250p

VN1OKM 60 0.5 1.0 4.0 T092t 55p

VN64GA N 60 12.5 80 0.3 T03 750p

VN67AF 60 2.0 15 2.0 10202 75p
2SJ49 P 140 7.0 100 1.0 T03 385p

,2SK134 N 140 '7.0 100 1 0 T03 395p
'I /p protected tour selection. VN/VM, 96 -page Design Cat. 20p. Heat clips/s'nk T0202

12p, T092 Bp, T03 35p.
MANUFACTURERS/ DESIGNERS. We will be stocking Powerfets by IR, TI and Inter-
sil as well as by Hitachi, ITT and Siliconix. We can advise you on applications and type
selection, supply samples and quantities.

REMEMBER Powerfets need virtually no drive current, switch in nanoseconds. and are
2nd breakdown free, etc. etc.

CA3080E 741
DAC08 250p
DM2502 555p
LM3900 43p
LM3915 280p
MC3401 30p
NE529 145p
NE555 25p
SAD1024 1050p
SD532 30p
TL081 29p
TL082 55p
2102 80p
4001B 17p
40118 17p
40138 40p
40160 40p
709 15p
710 25p
733 50p
741 18p
78L06 / 12 29 

HI-FI ON TWO CHIPS
HAI 2017 (Preamp 0.001% distortion
83dB S/N in phono application) Up
HA1397 (Poweremp 20 watts in 80
0.02% distortion (typ)111Sp

Both with data and circuits.

SCOPE TRACE DOUBLER P.C.B.
Built C/W shift. than select. choprate
controls and instructions. Useful dis
play from DC to 10MHz Runs from
battery ECU

POWERFET AMPLIFIER. High
power designs offering wry low decor.
bons. Complete component set
'80 wan (tTHD 0.008%)E8.95
'120 wan QTHD 0 004%1 VISAS

(with circuits)
'into 80 tat all powers and all audio

frequencies.

LED VU /PPM METER
Complete component set. Dis-
plays positive and negative oeak

simultaneouslylevels'andanvnetroagueDsle with
3dB resolution. With 10 reds
EB, with 7 green. 1 yellow and 2
red £6.40.

VCA High quality design offers
attenuation from 0dB to
-90dB. S/N 90dB. THD
0.01%. B.W. DC to 100KHz
Complete component set and
circuit £2.50.

Volt controlled pan -pot. Spec. as
above. Complete component set
and circuit. E3.25.

20S ADC chip set (DAL08
DM2502, NE529) with data
E8
HA1388 (Power amps. 18w
from car battery). With data
195p.

J. W. RIMMER

post and packing Mail order onli,
148 Quarry Street
Liverpool L25 6HQ
Tel. 051-428 2651

Technical enquiries to 367 Green Lanes. London N4 1 DV
Telephone 01-8006667

iConquer the chp.
Be it a career, hobby or interest, like it or not the Silicon Chip

will revolutionise every human activity over the next ten years.
Knowledge of its operation and its use is vital. Knowledge you

can attain, through us, in simple, easy to understand stages.
Learn the technology of the future today in your own home.

MASTER ELECTRONICS
LEARN THE PRACTICAL WAY
BY SEEING AND DOING

 Building an oscilloscope.  Recognition of components.
 Understanding circuit diagrams.  Handling all types Solid State 'Chips'.
 Carry out over 40 experiments on basic circuits and on digital electronics.
 Testing and servicing of Radio, T.V., Hi-Fi and all types of modern

computerised equipment.

MASTER COMPUTERS
LEARN HOW TO REALLY UNDERSTAND COMPUTERS, HOW
THEY WORK - THEIR 'LANGUAGE' AND HOW TO DO PROGRAMS.
 Complete Home Study library.  Special educational Mini -

Computer supplied ready for use.  Self Test program exercise. 1-
 Services of skilled tutor available.

MASTER THE REST
 Radio Amateurs Licence.  Logic/Digital techniques.
 Examination courses (City & Guilds etc.) in electronics.
 Semi -conductor technology.
 Kits for Signal Generators - Digital Meters etc.

F

E
E

FREE t

BV)CK C4.445,1,4

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL
4 CLEVELAND ROAD, JERSEY, CHANNEL ISLANDS. ETI/9/813
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RAVEN ON
Dave Raven of Metac Electronics chats about chips that answer back and
discusses display developments.

Speech synthesis and voice recognition are techni-
ques which are rapidly changing the interface bet-
ween humans and their machines. Until now we have

been content to read from a visual display or listen to pre-
recorded non -intelligent voices which merely pass on infor-
mation.

Today, however, it is possible to incorporate a human
voice which is not a recording and can appear intelligent by
varying its responses to the inputs received from humans or
data produced by a machine. If, in the past, a colleague was
seen listening or talking to a car, calculator, microwave oven
or television set, he would most likely be advised to visit a
psychiatrist at the earliest opportunity. But now thanks to
new devices and computer software technologies, behaviour
such as this will become commonplace.

Speak & Spell
The first consumer product which truly contains speech

synthesis and which is on the market is Speak & Spell,
developed by Texas Instruments. Working with a pair of
128 -kilobyte read-only memories and a special version of TI's
TMS1000 8 -bit microcomputer, the silicon chip can produce
a total of 2005 of sound for a vocabulary of over 200 words.
However, it is capable of accessing up to 2.1 megabytes of
memory. Since the speech generator uses memory at a max-
imum rate of only 1200 bits per second, it could be designed
to speak for as long as 30 minutes. The novelty value of
Speak & Spell does not wear off quickly as may be imagined
and from the reactions of my own young children, it was a
clear favourite over other electronic games they have been
shown. The word games and spelling tests produced a new
angle for creating an interest from children in learning and I
also found it quite compulsive myself.

Prior to the breakthrough by Texas Instruments in
speech synthesis, earlier products which have surfaced over
the last decade have been quite cumbersome and certainly
more expensive. Now, with rapid advances taking place in
large scale integrated circuits - both analogue and digital
- and developments in signal processing, it is realistic to ex-
pect a flood of new consumer and industrialised products
entering the markets.

MICROPHONE
PRODUCES VARYING
VOLTAGE

ANALOGUE
TO DIGITAL
CONVERTER

DIGITAL
SPEECH

ANALYSER

DIGIT SED
SPEECH SAMPLES

LINEAR
PREDICTIVE
ENCODING

AMPLITUDE
PITCH
VOICED/UNVOICED SOUND
FILTERING COEFFICIENTS
SPEECH PARAMETERS

Vocal Chips
The techniques used to design speech synthesis cir-

cuits are split into three different methods - formant
synthesis, linear predictive coding and waveform
digitisation with compression. Linear predictive coding is
the technique chosen by Texas Instruments for their
Speak & Spell Game. The chips which are incorporated
represent an integrated circuit model of the vocal tract.
Basic to the model is the linear predictive coding techni-
que (LPC) which provides feedback values or coefficients
for a digital lattice filter on the synthesiser chip. This
linear filter mimics the major resonant modes of the
vocal cavity in the human vocal tract. A microprocessor
then performs the calculations to derive the filter coeffi-
cients. The third chip is a word -storage read-only
memory that holds the speech parts broken into four
parameters - voicing, pitch, amplitude and frequency.
From this information a complex software algorithm
manipulates the sound parameters to create the speech
synthesis.

Swings And Roundabouts
There are advantages and disadvantages with each of

the three speech synthesis techniques mentioned here since
they can vary considerably in the quality of speech provid-
ed, the amount of data required to achieve acceptable quali-
ty and the cost of memory for storing speech data. The
technique that is normally chosen depends upon the ap-
plication for which it is required.

Products using formant synthesis are currently being in-
cluded in a number of hobbyist computers, among them the
TRS80 home computer and PET, as well as in medical and
business applications.

During recent years probably one of the most
misunderstood pieces of consumer electronic technology
has been the liquid crystal display. I well remember an arti-
cle appearing in ETI which quoted some very out of date in-
formation on the life of liquid crystal displays (LCD), and for
years after, I experienced worried customers quoting this ar-
ticle back to me about the unreliable life -time of the display.

READ ONLY
MEMORY
STORAGE

Fig.1. A block diagram showing the elements of a speech synthesiser chip.
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NEWS

They were of course referring to displays which appeared
back in history during the very early seventies and it has
been my experience that the LCD is probably one of the
most reliable display forms currently available. I stuck my
neck out in 1976 in an article published in ETI predicting that
LCD would win the day over LED, (Light Emitting Diode)
remember, and I propounded the reliability of this technique
back in those dark days. Well, they say that the good always
win and there is little doubt that LCDs have stood the test of
time.

Physical Contact
Recent advances in the synthesis (that word keeps ap-

pearing this month) of new liquid crystalline materials have
made it possible to manufacture plastic sealed LCDs having
very long operating lives. This new technique permits
economical production of large area displays and at the
same time improves the performance of multiplexed ad-
dressing. Thus, these new displays are capable of handling
an ever-increasing amount of information in alphanumeric
or quasi -analogue form. One of the major problems facing
designers in their attempts to increase the amount of infor-
mation which can be displayed, is how to make physical
contact with each segment of the display. This is also a pro-
blem for chip designers who are restricted by the amount of
space for lead -outs. One solution which is getting around
this difficulty is by reducing the number of outside contacts
to a display, especially when the display has more than 40
separately addressable segments. This can be achieved by
means of a technique known as time -multiplexed addressing,
in which appropriate segments are connected together to
form a group and are sequentially addressed by means of a

ZN

Fig.2. The principle of Ime-multiplexed operation. The selection interval
for each digit, Z1 to ZN, is cyclically repeated at intervals of T. Only the
driving signal for segment G is shown.

rear electrode consisting of several parts. Direct addressing
of the LCD is presently employed in most watches and other
measuring instruments which means there is a direct connec-
tion between each display element and a corresponding con-
tact in the driving electronics, which is usually an integrated
circuit. this addressing technique, whilst resulting in lots of
connections, does have its advantages, since it affords much
more freedom with respect to driving voltages and operating
temperatures than do other addressing systems. For a direct-
ly addressing display it is easy to increase the driving voltage
to obtain a display which is readable over a wide range of
viewing angles. ETI

CALCULATOR S.

I

SCIENTIFIC

*TEXAS
*TEXAS
*TEXAS
*TEXAS

*SPECIAL OFFER
TEXAS T1 59 together with PC100C

(Complete as manufacturer's specifications)
£305.00

TEXAS/HP Accessories available
T159 (Card prog 960 prog steps of 100 mem) £156.50
T158 (Key prog 480 steps of 60 mem) £60.00
PC100C (Printing Unit for T158/159) E165.00
T157 (Key Prog 8 mem. 150 Keystrokes/50 Prog Steps) £26.00

*TEXAS
*TEXAS
TEXAS
TEXAS
TEXAS

For your Tens 7158/59 Calculator
ELECTRICAL ENG. MODULE
LEISURE (GAMES) MODULE
STRUCTURAL ENG. MODULE

NOW AVAILABLE

TI PROGRAMMER (Hexadecimal Oct) £46.50
T1 51 /iii (10 mem 32 Prog Steps Stet /Sci) £28.50

T150 LCD (Sci /Stat. 2 Con Mems) E23.00
T125 LCD (Sci /Stets) E17.00
T53 (Sci. 32 Prog Steps-Coa Mem +80 Prog List Applications book) E25.00

Make more of your
Texas T158/69 Calculator

MATH/UTILITIES MODULE
If you write your own programs this library is for you! Most programs in this library

are designed to be used either on their own or as subroutines of your programs.
'Applications range from utility programs such as printer formatting and large-scale

plotting to advanced mathematical routines.
Module includes:

Prompter. Alpha Messages. Printer Fomatting. Superplotter. Sorting. Data
Arrays. Data Packing. Prime Factors. Hyperbolic Functions. Gamma/
Factorial. Random Numbers. Normal Distribution. Interpolation. Roots of a
Function. Minimax. Rainbow" Integration. Differential Equations. Discrete

Fourier Series. Calculator Status. Variable Arithmetic. Module Check.
*TEXAS T158 with Maths/ Utilities £90.00
*TEXAS T1 59 with Maths/Utilities E186.50
*TEXAS T I 58 with Applied Statistics £80.00
*TEXAS T159 with PC100C & Applied Statistics £325.00

ow

SUMMER SALE
*TEXAS T I 59 Calculator (complete as manufacturers spec. master module,
charger, etc). PLUS statistics module and extra set of 40 Blank Prog. Cards with
.wallet, etc. ONLY £180

NEW TEXAS T158C*
*Continuous program facility on all 480 Program steps/60 mem even when
calculator switched off £79.50
*TEXAS T158C (complete plus Applied Stets. Module) £99.00
*TEXAS T I 58C + PC100C £228.00

FREE while stocks last with every purchase of HP 32E or HP 33E
BATTERY HOLDER WITH RECHAROABLE BATTERY" Normally costs (10 38

eliP33E (8 mem Pro Set /Stand .
£50.75

-0.+1P33C (as above but con mem.) E89.50
el-IP32E (advanced SC1 with stand) E40.50

*HP34C (Sci Prog 20 Mem) E85.00
ChIP67A (K Prog 224 Steps 26 Mem) E173.00
*HP97A (Fully prog with Printer) E384.35
HP41C (the newest calculator from HP) £173.48
HP41C Card Reader /Printer etc. Modules Now in stock

CASIO FX8100 (10 dig Sci /Sta. Stop Watch /Alarm) £27.73
CASIO FX501 P (Sci. LCD Prog. 128 Steps I 1 Mem) E47.50
CASIO FX502P (Sci. LCD Prog 256 Steps. 22 Mem) £65.00

LEXICON LANGUAGE TRANSLATOR
'With 6 Lang. Module - French/ Italian/ German i Spanish etc.) E120.00
Ring Translator £120.00

NOW IT'S YOU AGAINST 'COMPUTERS'
CHESS CHALLENGER '7" (7 Levels of game) E76.50
CHESS CHALLENGER "VOICE- (10 Levels - beginner to Master Plus)The strongest Prog yet in
this series - twice as fast as the other challengers. A microprocessor with 128.000 to 160.000 bits
of read only Mem. Over 8000 bits of Random Access Mem. Teaches opening & end game solutions.
Plays against itself. Solves book problems etc - and in addition IT SPEAKS. Complete with Deluxe

plash...xi, hand coned men with magnetised base olus Deluxe cam case El 70.00.
SARGON. The most advanced chess game yet with ad on module availability for other games

(Oartin. inc. FREE rechargeable battery peck) E242.60
Super System 3 (as recommended by ETI) E136.75

Mans TV gees. E98.50 Inc VAT

LEARNING AIDS
TEXAS DATAMAN (Number Games -Table learning etc 5/ 10 yrS) E18.00
TEXAS SPELLING 13 (Spelling Games Ideal 5 /10 years) E22.50
TEXAS SPEAK AND SPELL (for older children 8/13 years) E39.95

IDEAL FOR STUDENTS
ALL WITH LCD DISPLAY

TEXAS T120 (Jun Sci + Con Mem) . .. . E13.00
TEXAS 7135 (So /Stet C Mem) E17.00
TEXAS 7138 (SP/Con Mem-Pola Rec Cony Dec Deg cony/ Deg Mtn See) £19.95

GOODS FULLY GUARANTEED PRICES EXCLUDE VAT (ADD 159(u

Company/ Hospital end Government orders accepted by phone

Barclaycard 'Visa 'Access accepted by phone

TEL. 01-455 9823r -- -1
EXPORT ORDERS WELCOMED

Air Fra,ghr ; Ac Post Delivery
Quotations on r eq ues1

MOUNTAINDENE
, 22 Cowper St., London, EC2
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All these
advantages...

 Instant all-weather starting
 Smoother running
 Continual peak performance
 Longer battery & plug life
 Improved fuel consumption
 Improved acceleration/top speed
 Extended energy storage

..in kit form
SPARKRITE X5 is a high performance, top quality inductive
discharge electronic ignition system designed for the electronics
D.I.Y. world. It hasbeen tried, tested and.proven to he utterly
reliable. Assembly only takes 1-2hoursandinstallation r
even less due to the patented 'clip on' easy fitting

The superb technical design of the
Sparkntecircuiteliminatesproblems of the
contact breaker There is no misfire due to
contact breaker bounce which isehminated
electronically by a pulse suppression
circuit which prevents the unit firing if the
points Jounce open at high R P.M
Contact breaker -burn is eliminated by
reducing the current by 95% of the norm

There is also a unique extended dwell
circuit which allows the coil a longer
period of time to store its energy before
discharging to the plugs The unit inch ides
built in static timing light. systems function
light, a id security chailgeover switch
Will work all rev counters

Fits all 12 v negative -earth vehicles
with coil/distributor ignition up to 8 cylinders.
1HE KIT COMPRISES EVERYTHING NEEDED
Die pressed case Ready drilled, aluminium extruded
base and heat sink, coil mounting clips and accessories All kit
components are guaranteed for a pehod of 2 years from date of
purchase. Fully illustrated assembly and installation instructions are
included

Roger Clark the world famous rally driver
says "Sparkrite electronic ignition systems
are the best you can buy"

irt
HIGH PERFORMANCE
ELECTRONIC IGNITION

I

I.Electronics Design Associates, Dept. ETI /9
82 Bath Street, Walsall, WS1 3DE. Phone: 109221614791

Narre

Address

Phone your order with Access or Barclaycard

Inc V A T and PP QUANTITY READ.

X5 KIT £1695
ACCESS OR BARCLAY CARD No.
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I enclose cheque PO s for

£
Cheque No.

Send SAE it brochure win required.

QUESTION?
1 Is your hobby home computing or electronics?
2. Do you understand the application of IC's, Transistors,

Diodes, etc?
3. Have you used or applied analogue or digital techni-

ques?
4. Are you applying TTL Logic to your home computer?
5. Are you programming your home computer using

simple software techniques?

If the answer is YES to any of these questions then why not
consider turning your hobby into a career - applying your
knowledge to servicing electronic equipment ranging from
basic terminals and data processing machines through to
advanced micro -processor systems.
We will train you through to advanced technology at the
company training school, fitting the individual in at their
own level.
We have vacancies over the whole of the U.K. especially in
the London area, with the successful applicants working
from home, usually in a radius of no more than 60-70
miles.
We supply all tools and test equipment, plus a company car
which is available for private use.
If you are interested, then why not contact Mr. C. Mark-
lew on 0249 813771 to discuss your own career oppor-
tunities in confidence, or write to:

KODE SERVICES
LIMITED

Station Road, Caine, Wiltshire

Hfiliari Interlocking Touch Switch Systems

Here is the 4 channel system com-
plete; showing the front panel, the
circuitry, and the ribbon cable con-
necting the two.

Have you ever made a quality project, for
which you needed interlocking switches, but
all that was available was an unreliable.
unsightly and electrically noisy mechanical
switch?
You can now get an electronic switch.
touch-opertted, with L.E.D. displays to
indicate which channel has been selected. and
incorporating totally reliable solid state relays
to perform the switching.
There are three options available:2 channel, 4
channel; and 6 channel. On each channel there
are 2 sets of relay contacts acting in parallel, so
that stereo signals may be switched - for
example, when selecting between the tuner.
deck, tape, or auxiliary inputs to an amplifier
using the 4 channel unit.

The units are supplied as easy to assemble kits. every kit containing'-
* ALL the necessary components, including a high quality p.c.b. and I .C. sockets
* An attractive ready assembled front panel - comprising wipe clean stainless steel

touch plates on a heat resistant white plastic base. which is pre -drilled for easy
mounting on the front panel of your project; complete with .. .

* LEDs above each switch plate to indicate which channel has been selected (the
brightness of these may be adjusted)

* Complete easy to follow assembly instructions
* Full technical information
Some of the special features are:-
* Operation from a single supply rail, from 3V -18V
* Current consumption only 20mA
* It is IMPOSSIBLE to switch on more than one channel at a time - if more than one

switch plate is touched either none or only one channel will be selected
* EXTREMELY long life - far longer than that of mechanical switches
* The HAWKTM range are the ONLY interlocking touch switch systems that the home

enthusiast can buy as complete systems
Please note: the solid state relays used are C.M.O.S. 4016 and the limits of these devices
must be observed.

Please send to M at (address)

Number 2 channel units @ £3.99 ea.
Add 25p

Number 4 channel units @ £5.99 ea. P/ P per
order

Number 6 channel units @ £7.99 ea.

Total remittance enclosed Cheque/ P.O. No

OR Please send me the technical information only (enclose s.a.e.)  tick box

DOVE ELECTROillES TEL. BRISTOL
(0272) 48401

4A Harcourt Road, Redland, Bristol BS6 7 RG
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MITRAD CHRONO QUARTZ
WATCH/TIMER

uurvu

Multi -function watch and stop -watch timer ONLY £20.95 (+ p&p)
with FREE Slimline 'Credit Card' Calculator (our usual price £7.95)

TRADE DISCOUNT
Trade discount is available for quantity orders Df the Quartz Timer only.
Prices are:

5-10 11-15 16-50
£13.95 £13.10 £12.65
Prices are exclusive of VAT (15%) which snould be added. Post and packing
for all trade orders is £1.50, which includes insurance.
Please do not use the coupon for trade orders.

INA Ai us
ANA MEI MI sia
fib Gil
ma an is as ea in

MITRAD CHRONO
Unique neckband/lapel/pocket watch and timer with large easy -to -read

liquid crystal display.
1. WATCH

Shows the time in hours, minutes and seconds. Press a button and it shows the
day, date and month.

2. TIMER
Accurate to 1/icioth second stop -watch function. Shows elapsed time in hours,
minutes, seconds and '/,oaths of seconds. Also records lap times in the middle

of timing the overall event. Maximum capacity 24 hrs.
Overall dimensions of the timer are approximately 31/8x 25/8x "/16in (79 x 66 x

17mm) so that it fits comfortably into the palm of the hand with the lap/reset and
start/stop push buttons perfectly positioned for operation by thumb and

forefinger. In tough, impact resistant, black case

GUARANTEED. MONEY BACK IF NOT DELIGHTED
The Mitrad Chrono Quartz Timer is fully guaranteed for 1 year. And if you are

not completely satisfied, just send it back within 70 days and we'll refund your
money. ,nstructions for use included

SLIMUNE 'CREDIT CARD' CALCULATOR.
Hardly any bigger than an ordinary credit cord. Has liquid crystal display

addition, subtraction, multiplication, division, square root and memory
facilities

Usually £7.95 but ABSOLUTELY FREE
with every Mitred Chrono Quartz Timer

MITRAD
L68-70 High Street,
Kettering,
Nortiants.
Tel: 0536 522024-------

M
To MITRAD, 68-70 High Street,
Kettering, Northants.

Please send me: QTY Price inc VAT & £1.05 p&p £:

MITRAD Chrono Quartz Timer
Total value of my order £

I enclose my cheque/postal order
Or debit my Access Card No

SIGNATUREjr NAME (Mr/Mrs/Ms)
ADDRESS

Ay Allow 28 days for delivery.
BLOCK LETTERS PLEASE



DESIGNER'S
NOTEBOOK
ETI project editor Ray Marston devotes this month's 'Notebook' to the
rather unglamorous but vital subject of passive attenuators.

0 ne of the most important types of artillery in the
design engineer's armoury of 'vital weapons' is
the apparently simple passive circuit known as

the 'attenuator'. Naturally, these apparently simple weapons
are full of nasty little surprises and have a tendency to ex-
plode in the face of the unwary designer. This month's
'Notebook' is devoted to a brief discussion of the subject.

Attenuators
Attenuators are used to reduce an awkward value input

or output signal to a lower and more convenient level. The
simplest example of a practical attenuator is the 'pot' circuit
of Fig.1, which may be used as a volume control in an audio
system or as an output level control in a simple audio
generator, etc.

The input signal to the pot attenuator is connected
across the total resistance chain and the output is taken
from the pot slider. Note that the pot effectively comprises
an upper (R1) and a lower (R2) resistive arm, thus forming a
basic 'L' -type attenuator and that the degree of attenuation
is determined by the ratio of lower arm resistance divided by
the total resistance.

The precise amount of attenuation provided by a pot is
generally of little importance and the control is usually left
uncalibrated. If a precise amount of attenuation is required,
a simple switched potential divider network of the type
shown in Fig.2 may be used. It is important to note, however,
that this circuit is designed to feed into an infinite im-
pedance, or at least one that is very large compared to the
total resistance of the divider chain.

COMMON

Fig.1 A simple 'pot' attenuator, as used for a volume control or an un-
calibrated output level control (left) is a common version of the '1' attenuator
(right).

Design Tips
The first step in designing an attenuator of the Fig.2 type

is to decide what its input impedance or total resistance is to
be. Next, the values of the individual resistors are determin-
ed. Here the design is carried out in a simple sequence of
logical steps, there being as many steps as there are at-
tenuator switched positions. In each of these steps, the cir-
cuit is considered to consist of an upper and a lower half on-
ly. An example will help clarify matters.

Assume (as in our example) that the total resistance is to
be 10k and that two attenuation positions (excluding unity)
are required and are +10 and =100. The values for the
greatest amount of attenuation are always determined first,
so for =100 the lowest arm must contain 1/100th of the total
resistance, or 100R. This gives the value for R3 and leaves the
remaining 9900R in the 'upper' (R1 + R2) arm.

The values for the =10 position are next calculated and
it is found that 1k0 is needed for the 'lower' arm. In this case,
however, the 'lower arm consists of R2 + R3, but as R3 is.
already known to be 100R, R2 must be 1k0 - 100R = 900R.
The upper arm, R1, must obviously contain the remaining
9k0 of the 10k chain.

This simple design procedure may be expanded up to
give as many attenuator steps as are required for a particular
application.

R1
9k0

R2
90OR

R3
100R

COMMON

Fig.2 The method of designing this simple switched attenuator is explained in
the text.

It should be noted that the simple attenuator circuit of
Fig.2 is only accurate at low frequencies or when moderately
low values of resistance are used. At high frequencies, stray
capacitance will shunt the values of all resistors and may
significantly reduce their values and thus the accuracy of the
attenuator. This effect is particularly acute when high value
resistors are used: a mere 2pF of stray capacitance
represents a reactance of about 800k at 100 kHz and will
have a very significant shunting effect on any resistor with a
value greater than a few tens of kilohms.

48
ETI SEPTEMBER 1980



FEATURE

Compensation
This problem can readily be overcome by shunting all

resistors with correctly chosen values of capacitance, as
shown in Fig.3.

Here, each resistor of the chain is shunted with a fixed
capacitor, the reactance values of capacitance being in the
same ratios as the resistive arms of the attenuator. The
highest reactance (smallest capacitance) is connected to the
largest resistor and typically has a value in the range 15 to
50pF, the value being large enough to 'swamp' strays but
small enough to present an acceptably high impedance to
input signals.

This 'compensated' type of attenuator is invariably used
in 'scopes and various other types of high freqency test gear,
as shown in the typical circuits of Figs.4 and 5. Once again,
note that the compensated attenuator is intended to feed in-
to a high impedance load.

COMMON

Fig.3 A method of providing frequency compensation (to give a wide frequen-
cy response) to a simple attenuator network.

'Y'
INPUT

7-2p

COMMON
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T3
50p

5001,

R2
500k

Pot Pitfalls
At this point in our discussion it may have dawned on

you that, because of the effects of stray capacitance, there
can be certain pitfalls in using pots in some types of circuit.
Suppose, for example, that you have designed an audio
amplifier with a beautifully flat frequency response but
have, in a moment of madness, fitted it with a 500k volume
control. You will (hopefully) not be unduly surprised to con-
sequently find that, at low volume settings, stray
capacitance of a few picofarads across the upper arm of the
pot causes the amplifiers treble response to be boosted by
several dB at 12 kHz or so!

Again, suppose that you have disigned a superb LF
sine/square generator which produces square waves with rise
and fall times of a mere 50 nS or so, but have fitted the beast
with a simple 10k pot as an output level control. Naturally,
you will not be surprised to find that the few picofarads of
strays across the upper arm of the pot acts as a reactance of
only a couple of thousand ohms to your fast rise and fall
time signals and consequently causes your square waves to
appear incredibly 'spiky' at low amplitude settings.

Both of the above problems can be solved or minimised
by using pots with sensible low resistance values, bearing in
mind the effects of strays at the operating frequencies in
question.

305

C5
120p

50mV

R3
800k

R4
200k

OUTPUT TO
DMV RP AC
INDICATOR

Fig.5 Typical attenuator sections of an AC millivoltmeter;

SW2e

20OrnV

100mV

7C6
25p

C7
220p

R5
900k

1001,

C8
25p

50mV

20mV

100mV

200mV

SW2b
10mV°

T9
,I70p

OUTPUT
TO 'Y'
AMPLIFIER

Fig.4 Section of a typical 'scope 'Y' amplifier attenuator.

950k

R8
50k
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Matched -Resistance
Attenuators
Often, an attenuator is needed to feed into and/or from

a fixed load of some kind, in which case the simple potential
divider types of circuit discussed above are of little use. In-
stead, one of the many versions of the so-called matched -
resistance attenuator must be used. Two of the most popular
attenuators of this type are shown in Fig.6, together with
their basic design formulae. Note that these formulae are
valid only when the attenuators are correctly terminated at
each end.

The 'T' -type attenuator is a perfectly simple design and
several sections can readily be cascaded to form variable at-
tenuator networks, as sh.own in the practical circuit of Fig.7.
Here, the attenuation can be varied from 0 dB to 60 dB in 20
dB steps by switching individual sections into or out -of the
circuit.

The 7r attenuator sections cannot be directly cascaded,
as is made clear in Fig.8. Nevertheless, sections can be
cascaded in modified form to produce a laddered attenuator
network, the most popular of all attenuator types.

Looking at Fig.8, you can see that if three individual 7r
sections are wired in cascade (Fig.8a) their adjacent R2 sec-
tions connect in parallel to give an impedance of P/2 (Fig.8b)
while the two R2 end sections have impedances of P. If an
external load, RL, is simply switched to the different outputs
of the cascaded ir attenuator sections (Fig.8c) the load will
clearly see impedances of roughly half of the correct value
and so be severely mismatched. To put things right, the for-
mula for the component values of the ladder network of
Fig.8c are re -jigged as shown.

The ladder attenuator of Fig.8c is very widely used in AF
and RF signal generators. Figure 9 shows the practical circuit
of a fully variable 600R attenuator that can be used in sine/s-
quare generators, etc.. The odd resistor values (correct within
2%) can be made up by wiring pairs of resistors in series or
parallel.

Rs

Vin

R1

COMMON
'T' - TYPE ATTENUATOR

R1 = R R 2 = Rn+1 2_

Fig.6 Two popular types of matched -resistance attenuator.

RL

Vin

COMMON
ATTENUATOR

R1 =2 1 ) R2 - Fl(-1`14n-1

50

Vout

1218

Fig.7 Three identical 20 dB 600R T attenuators cascaded to make a 0-60 dB
switched attenuator unit.

R7 R1 R1

COMMON

S=R (n)

COMMON

COMMON

P 2a (0

Fig.8 The ladder attenuator (c) is a development of the basic 77 attenuator (a
and b).

1V

100 mV

RV1
lkO

1V (FINE)
IN

SW1
(COARSE)

COMMON

1mV

660R

OUT
(600R)

Fig.9 Practical 600R output attenuator network for a modern sine/square
generator. RV1 gives fine control. SW2 gives coarse control.
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Greenbank
Greenbank Electronics

(Dept T9E) 92 New Chester Road, New Ferry
Wirral, Merseyside L62 5AG

(Tel 051-645 3391)

TERMS, VAT. CVIO. Cheques etc payable lo Greenbank Electronics and crossed.
Add VAT to all prices at l V, except where stated otherwise. Post etc. UK 35p
1+59 VAT = 35p] per order. Export: NO VAT but add 35p (Eire). 75p (Europe) and
E2.50 elsewhere. Access. Barclaycard. Visa. telephoned orders accepted.
lPolys. universities. govt depts. etc can telephone their orders for immediate
despatch on account.]
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UV EPROM ERASERS
UV 140, UV 141

r .

004  re -4

Two easy to use units designed for both the professional and
amateur DV -prom user

Features
 Can erase up to 14 proms.
 Special short wave ultraviolet tube.
 Erase time variable between 5 and 50 minutes in 5 minute steps

(preventing over exposure which may shorten prom life).
 Sliding tray carries proms on conductive foam.
 Safety interlock switch prevents the timing circuit from operating

and switching on the tube with the tray open.
 "Mains On' and "Tube On" indicators.
 Smart textured case.
 Complete instructions supplied.

Supplied complete with mains plug and flex

Model UV141. Price £77.70
Also available without timer as

Model UV140: Price £61.20

Tex Microsystems
"EPROMPT" UV ERASER

01111M111111L31111
A low cost alternative to the above erasers (UV
140/141) claimed by the manufacturer to erase
up to 32 chips in 15-30 mins. This is the cheapest
eraser we have seen. The unit has no timer, power
switch or safety interlock switch. The user places
up to 32 chips into loose conducting foam in the
erasure tray (16 along the base, 8 on each side).
The chips are held in place by the UV tube which
sits in the tray. (Unlike the UV 140 /141, no
special precautions have been taken to prevent the
seepage of UV light, but the manufacturers state
that "Incident light from this device is quite safe at
distances above 12 inches".)

EPROMPT ERASER: Price £33.56

iThese cart prices Mr Amateur Users and Export. Note: Industrial users - quantityCMOS rices aaaaa Me. Mostly Motorola. RCA

4000 18p 4042 80p 4095 E1.97 4410 1E8.55 4531 21.45

4001 25p 4043 90p 40% E1.97 4411 E10.72 4532 (1.30

1002 25p 4044 90p 4097 4398 44126P E14.93 4534 (5.60

4806 950 4045 (2.63 4098 EI.42 44155 175.24 4536 £3.69

4107 180 4846 0.10 4099 E2.00 4422 E5.66 45371 E26.10

4008 80p 4047 E1.71 40100 E1.92 4433 02.30 4538 EI.20

4009 40p 4048 77p 48101 £1.69 44356 (5.40 4539 97p

4010 50p 4049 45p 40102 E3.67 4450 0.81 4541 EI.19

4011 250 4050 49p 40163 43.67 4451 E3.81 4543 ELM

4012 18p 4051 1100 40164 E1.05 4461 E3.93 1519 (4.38

4013 50p 4052 80p 40105 (1.85 4462 E4.41 4552 414.05

4014
4015

84p
84p 4405453 IMPE2.111

40106
40107

92p
EI.28

4490FP

44904?
(4.20

E3.I 4
4553
4551

(4.50
EI.38

4016 45p 4055 £2.55 40108 E7.54 4500 (6.95 4555 78p

4017 80p 4056 E2.55 40109 El.% 4501 29p 1556 72p

4016 19p 4359 0.23 4110 000 4502 EI.20 1557 0.86
419 45p 4060 E2.10 40114 E1.77 0503 700 45511 E1.25

4020 rip 40627 (50.00 40160 E1.54 4505 E5.71 4559 E4.311

4021 ELIO 463 t1.90 40161 E1.54 4506 50p 4560 (2.50

4022 0.00 4066 55p 40162 E1.54 4507 551' 4561 alp
4023
4024
4025

27p
50p
27p

4857

4068
4069

E7.21
27p
VII

40163
40174

40181

£1.54
E1.54
(5.03

4508
4510
4 511

E2.90
99p

E1.50

1562
4566
4568

E560
21.59
0.38

4826
4027

43.25
50p 404071 4 259

40182

40192

E1.90
f2.41

4512
4511

80p
(2.653

4569
4572

E2.50
40p

4028 Up 4872 250 40193 £2.41 4515 43.00 4580 (4.77

4029 99p 4073 25p 48194 43.27 4516 0.10 4,581 E.2.62

4030 72p 0375 25p 402% £7.54 4511 E4.46 4582 £1.14

4031 E4.31 4076 (1 .07 40257 E2.31 4518 E1.00 45113 90p

4032 E1.31 4077 29p 4160 9119 4519 80p 4554 90p

4033 E2.63 1070 290 4161 911p 4520 ELKO 4565 CI.27
4834 use 4081 27p 4162 904, 4521 E2.50 4597 E2.44

4035  tin 4882 27p 4163 941p 4522 EI.11 *96 0.98
4037 E1.99 4085 E1.35 4174 90p 4525 E1.011 4599 E6.95

4038 c1.20 486 £1.35 4175 EI.15 4527 E1.50 4700 E1.75

4039 (2.78 4089 E2.91 4194 E1.16 4528 E1.20

4040 E1.00 4093 0% 4408 0.37 4529 E1.30

4041 E1.59 4094 E2.50 4409 E9.37 4530 704

7±c1 74(76
74(83

57p
0.34

74C163

740164
E1.15
E1.08

14(903
740904

57p
571

740925
74(926

0.01
(5.01

7485 E1.34 74E155 0.08 14(905 27.53 74921 0.01
74E00 28p 74E86 67p 74173 93p 74(906 57p 71E928 0.01
74(02
7404

28p
28p

74019

74(90
E4.62

89p
71C174

74E175

93p
93p

74E907

74E908

57p
ELM

74929
74E930

E17.90
07.90

7408
74C10

74(14

289
28p
90p

74(93
74E95

74E107

89p
ELM
EI.27

74(192
74(193
74095

£7.15
EI.15
0.08

74(909
14910
74E911

EI.69
E7.45
0.39

80095
80(96

85p
92p

74(20
74(30
7402

28p
260
28p

71(150
74E151

71054

E3.111

E2.55
E3.81

74C200

740221
744245

E7.46
E1.41
E.2.98

74E912
.74914

74915

E7.39
0.46
(1.15

80097
80098
82(19

85p
92p

E6.20
14(42 95p 14157 (2.29 74073 EI.79 74C918 ELIO B8C29 E2.90
74C48 0.43 14E160 EI.19 74374 EI.79 74E921 07.07 08030 E2.90
74C73 57p 74(161 E1.15 14E901 57p 74C922 E3.78
74(14 59p 74(162 E1.15 74(902 79p 74(923 (3.06

MODULATORS'

291111 E36 UHF CP 36 41
,,on Modulator 42.50
061231 UHF 06 .36 Vision
Modulator wide bandwidth
Hot computers etc 44.70
UM1263 FM Sound Sub

carrier Modulator 42.50

SWITCH
MODE PSUs
AC 52210 55/104 E89.90
AC 92210 58/56. 125/14. -1211, IA. -
56,0 IA E86.60
AC 54210 5V/206 £99.20
AC 94215 55/104. 129/24. -125 24. -
511/0 IA £126.50

QUARTZ I

32 7684011

111.1461

60 KHz

100 0 KHz

200.0 KHz
204.6 KItz
262.144 KHz
307 2 KHz

312.5 KHz

455.0 KHz
1 000 MHz
1 008 Mt
1 280 MHz

1 8132 MHz

.000 MHz
097152 Mr
4576 NU
500 MHz

.56250 414
000 MHz
.2768101z
579545 MHz

.932161%z
0130 MHz

.032 MU

.0% MR:
194304 MHz
433519 MHz
608 Mit
800 MHz

9152 1414,

000 1411.

0688 1/111

120 MHz

145 Mt:
000 MHz
144 Mit
400 Mt
55360 11111

000 MHz
158 MHz

680 MHz

8E432 Wiz
Ma MHz
388608 1114

867237 Mr
375 NW
800 MHz
.000 MHz

0.245 Ile
0.700 410
092 Mt
1.000 MHz

2.0013 MHz

4.0 1/111

4.31818 MHz
1000 MHz
8 000 MHz
8.432 Mx

20.000 MHz

20. 1134 MHz

210 MHz
27.641 MU
38.6666 MHz
48.003 MHz
100000 MHz
115000 MHz

(3.23
E9.95
(3.62
(3.92
£3.92
(3.92
0.92
E3.92
(4.95
E3.62
E3.92
(3.92
E3.62
(3.62
(3.23
C3.62
(3.92
E3.62
0.62
(3.23
(1.95
£3.92
£2.90
(3.23
E3.23
E3.23

1.25
E3.23
(3.23
(3.23
0.73
(3.23
E3.23
0.23
0.23
E3.23
(323
E3.23
0.23
0.23
(3.23
(3.23
(3.23
£3.23
E3.23
E3.42
E3.92
E3.23
E3.23
0.23
E3.92
E3.92
(3.92
(3.92
(3.23
(3.92
(3.23
(3.23
(3.62
(3.23
(3.92
(3.92
(3.23
(3.23
E3.23
E3.23

VEROBOARD
0.1" Phch with copper

ships
2.4"x I" 'peck 51 74p
2'4"x34"03P
2,1"05" 620
25.017. ELM
310034." 62p
371.145' 69p
34"x 17" U.*
4.7"x17.9. E3.14

13.1. Plainbord
ill

314. 3017

311.7,4" 59p
3,,"017.0. EI.66
lawn! sea (1.50/600
V-0 DIP Mare E1.17
DIP Issalkeire E2.91
Spot lara one 93p
PA inertia MI E1.211

SOLDERCON PINS
100 500 1000 (3.95

ML SOCKETS
314,15 pie

1044/12p/I3p
18/20/22 ere

111p/20p/25p
24/28/40 Mr

30p/ 40pi5Op
24 p. TerloM lever lyM
lire inertias torte E8.50

EDGE CONNECTORS
43 way 0 I" pitch. sire
map polarizing slot p.37
Single sago II x421 DI 1
Bootle sided 12x 421(4.10

TIMER ICs
96555 556 29p/49p

OP -AMPS
(All Mini dips]

3130E 3L1 3140E 35p
UA 741 Anal 22p

4 DIGIT LED DISPLAY
Multiplex4d. coral
cailiod4. price !olity
NSB 3081 1031 (4.25
056 5881 (0 .51 (5.75

LED DISPLAYS
OL 7114E 99p
01-727(/ 728E (2.00
01 747E, 750 (1.80
290500/560 E1.20

LIQUID CRYSTAL
DISPLAY

400.5" 0111440 pa OIL
(9.95

CLOCK CNIPS
41.51224A E2.60
M 50253 (5.50
MK 50366 E6.50

510 DECADE
COUNTERS

MK 5039517 (9.90
M150398/9 E7.50

5204/2708 PROGRAMMING SERVICE: £7.50
each prom. (Price does not include prom, we
accept handwritten /typed source code - must be
hexadecimal).

PROM WASHING SERVICE 50p each prom

NEW COMPUTER BOARDS
The following computer boards have been added to
the range for use with the Z80 (114 x 203mm
fibreglass with gold plated edge connector).
IP2 8 line opto isolated input board £9.40
OP2 8 line relay output board £9.40
SIO RS232 serial interface board £9.40
MXD2 16K dynamic ram board £9.40

MICROPROCESSORS I
COMPUTER BOARDS

114 x 203 rem fibregless.
gold plaled alga connector
Buttered SC: P CPU (9.40
SC 'MP Proloboard 49.40
180 CPU card E9.40
IOU A Irw (8.90
VDU B E190
YOU 61 three E9.40
EPROM Programmer

1270841 (9.40
4i PROM hoard [52040

E9.40
Bk PROM board 1270811

49 40
28 RAM mod 1210281 18-

28 (9.40
85 RAM board 1211441 lk
60 E9.40
Tape interface 48.41
6.80,000 lelerface ER.%
PSU 5r.+1271 -120 board

48.90
PSU 5r. -12r board ES 50
1511115 1.1 13 slot back-

bend (11.50
19' x14.1" approx. Epoxy
Glaze. Sneed

Further details on roureel

200
280 CPU 12''6801 (9.90
2130-CIC 12' 411101 (5.95
2130-P1012',MHz1 (6.60
(Add II for Ike 4MHz rersip of
any of the adore 3 chip

SC/MP II RAM I/0
SC MP 11 14MHz] ULU
INS 8154 RAM 10 E8.I8

WOO
6800 MPU

6802 MPU
6810 1128 x 8 RA%
68410 1128 x 8 RA%
6820 6821 PIA
5850 ACM
146880

6502
6520 PIA

6522

UV PROM ERASER
UV 140 (61.20
UVI41 477 70

(6.55 INTERFACE
(9.95 811195 6 7 B 41.40
E2.97 15491 LED driver 50p
(3.75 75492 92p
O.% 211425 (3.95
(3.08 8126 8728 42.64
42.64 1E14 48p

6502
E7.95
E6.22
0.95

CMOS
COSMAC COP 1802CE 0.85
COSMAC COP 1802E E10.85
COP 1864 E7.25

STATICS (Mostly 15011S)
2101-256 x 4 0.25
2102-IK x I E1.20
2111-256x4 E1.95,
2112-256 4 E2.25
21144045-10 4 0.39

2114 E28.00
21144-10 4 (5.50
41111-114 8 E15.50

DYNAMICS
MK 4116 16K 250,0 (4.95
141( 4816 2K x 8 00.52

UV ERASABLES
5201(512 E11.50
2708 111 (6.75
2716/2516 DE r 8 WO 54

E17.95
2532 471 81501 E47.00
Pli01694111116 lack Prom

50p 1+304.607I

CRT Controller: Darts
Thompson GSF Sf 196364E 411.50
90-5.1013 08P1 TR 1602 E4.00
41.5.1013A (4.70
41.11014A E560
41.3.1015 E5.60

CHAR. GEN. KEYBOARD
ENCODER

MCM 66750 E9.75
MK 2302 (1 5.29
110.3.2513 (5r Uppercase( 46.00
DM 8678 CAB BWF C14.27
48.52376 49.75

RIIMWARE
ZMOR FM 211011 a vo(q 04.95
2K Tay BASIC la 28012 x 27081

E19.95
4K SRL ter SC/MP 14 r 27081

E49.95
4K 1001.1111 Fe SC/M' 4, 27581

(49.95
IK Varies,. la. SC/MP II a 2709

04.95
IDeseripla. 1441141 miable rim

Hine. 1.1 SW4 51
1K Udder Jelin 142708 219.95
1'4 (1326 (37452041 05.00
E11111.16 1 11052041 E14.95
ETIBLIG 2(1052041 E14.95
SCMPTUI I x52134 (14.95

Nob: In this section all data hookaDATA I are sullied to Ire VAT. For postage
see Terms al top of page.

113 pap Electrum Prowls Index 72.77
19018 1peride LIOrarall

c650 page COSMOS Oalabook 'RCM
431 page 'A Grid. to SC/MP Progrommirg' by

Or. Drury IKentitrorl
420 page 'A 60114 le Kittiey (Mown)
424 page 111131 Reference Guile penman
5111 100 4116 Moen'
46 page data for Mk 4118
16page der for IMS 71154 IISP.B4/6501 'Notional'
20 -pop Iola Mr SC -NP II 111411ore11

4100 pap COP 1802 MPU User Mom! 1RC41
c45 pap Fixed Polar Nary Ardlurelic lionlmer er

COSMAC
EX pep Dowse, Pond Arithmetic Reuben for

COSMAC Hishess excluded'

c43 pie COSMAC MPU Producl Guide 11(81
015 pie COP 1802 Inalrectios Summary
c70 pee 0444r4144114g CMOS pcm
I ma COSMOS Packet Selection (rile {RCA'
c21 page COSMOS Digital iniegreled Circuits OCAI

EI.50
(4.95

E3.75
75p

E3.45
50p
25p
5014

5471p

E4.50

(4.50

(C50
75p
25p

Elm
25p
75p

180 0870 PACK E14 95

7 Ms contains all the data we can oblatn on the 780 CPU
and relaled chops and the ZBO Programming Manual
Oepeedle( on our own supplier the data ts erlher loose
sheets photocopies or bound volumes. or a combination
of both The weight of the eel of doll 13 Pool
and some inlormetion on other processors. memories.
and systems is even included

c50.pag4 FM Stale Fenlesms 1(a011es pelting
wormo g on home lerell Porn Press(

TIM PM Home Camprters. %peers 61 y and

Guide by Miller erd Slppl 10111111numl

E2.00

E4.95

SPECIAL OFFER
(Subject to stocks)

No monthly accounts for these prices:
. each per 8

2114 (450nS) - 1K x4 £2.99 £22.40
2708 (450nS) - 1K X 8 £5.25 £39.60
2516/2716 (450nS) - 2K x 8 single 5v

£12.00 £88.00
4116 (250nS) - 16K x 1 Dynamic

£3.99 £30.40

74LS 1 14141002"8

701500

741101

744502

741503
741104
741105

74608
741004

741510
744511

741512
741513
74014
741015
741520
141021

742029

14p
14p
16p
16p
16p
20p
22p
22p
20p
22p
23p
38p
75p
30p
20p
22p
48p

28p
490

741330 22p
744532 27p
744533 39p
74631 39p
74038 39p
741540 28p
741542 98p
741547 90p,
780048 E1.20
141549 E1.20
141151 24p
744554 280
741155 30p
741363 £1.50
741373 46p
741374 41p
741175 48p

744575
744078

744583
744085
741086
141390

741091

741592
741593

741395
141596

7445107
7415109
7415112
7415113

7411114
7411122
1445123
7416124

40p
40p

E1.15
0.18

43p
60p

(1.04
89p
89p

0.16
ELIE

44p
55p
5511

50p
50p
70p
70p

El .110

7415125

7445126
7445132
7445136
1415138
7411135
7410145
7411147
7411148
7415151

7411153
7411154
7411155
741.0156

7016157
7415158
141.5160

7410161

7410162

60p
60p
95p
55p
85p
115p

0.08
0.70
21.73

96p
76p

E1.70
96p
96p
76p
96p

(1.28
980

ELM

7415163
7445154

7415155
7440168

1415170
1411173
7415174

7411115
7411181

7411183
7410190
7411191
7410192

1410193
7415154
7415145
7415196
7413197
74E5221

0.18
E1.14

75p
(2.26
(2.88
El .05
LIM
ELIO
E3.98
E2.98
LIAO
(1.40
EI.30
0.30
ELM
0.36
LIAO
EI.40

96p

74E5240 E2.36
701241 (2.32
7416242 (2.32
/413243 (2.32
7445244 E1.70
7445245 43.50
1440247 ELIO
7400248 01.9111

740249 El.%
7410251 41.34
7411253 41.42
7410257 41.10
7445258 41.46
743259 E1.60
7410261 (4.50
7416266 52p
7410273 E2.44
7410215 E2.50
7415279 66p

7415283
7410290
711.9293

7413295
741.52%
7110324

7415325
743326
7413327
7415347

7413348
7413352
7416353
7413365
743366
7415367
7415368
7410373

7413374

(1.92
C1.28
41.28
C I.85
41.68
42.40
42.90
42.94
42.86
El .48
01.86
42.28
42/8

65p
65p
65p
66p

E 1 .80

41.95

740375
145371
7453711
7415379
741138A

740386
7445390
7445393
7411395
7415396
7415396
7411399
7415445
7411447
7411490
741.6666

7420669
7410670

El.sb
E2.12
0.84
E2.15

86p
86p

E210
(2.30
2218
E2.15
E2.76
E2.30
El 50
El 44
El 80
El 82
0.82
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MONITORS
MONITORS

MONITORS
Uncased from 3" to 12"
Cased from 5" to 20"

Semi professional or
professional available
from stock.

Monitor PCB's including
Transformers and Tubes
also in stock.

Phone or write for
details.

CROFTON
ELECTRONICS
Crofton Electronics Limited

35 Grosvenor Road, Twickenham, Middx.
Tel : 01 891 1513

Build the Practical Electronics
handheld DMM.This superb product
offers professional precision with
extended battery life. Five function
operation (AC and DC VOLTS, AC
and DC CURRENT, RESISTANCE)
with ability to check diodes. 0.5" LCD
display with 'Battery Low' warning.
Auto -polarity, Auto -zero. Full protection
against transients and overloads with
ability to withstand mains on any range.
0.5% basic DC accuracy and 15
different ranges. It measures AC/DC
voltages from 0.1mV to 500V. AC/DC
current from 0.1pA to 2A. Resistance from
0.1c1 to 2MD. 200 hour battery life.

The Kit contains all parts needed to
construct the multimeter plus assembly
instructions, battery and test leads.

We also offer a calibration service
(£5.00 + VAT) and a trouble -shooting and
calibration service (£7.50 + VAT). Various other
component parts are also available as listed.

The multimeter is also available fully assembled
and calibrated at a cost of £39.70 + P&P + VAT.

Lascar Electronics Ltd., Unit 1, Thomasin Road, Basildon,
Essex. Telephone No: Basildon (0268) 727383.

52

2,00

HAND HELD GAMES
Supersonic Master mind
Galaxy Invaders
Mattel Soccer
ENTERPRISE 4 in 1

3 Games and calculator in one
'Electronic Mastermind

£21.00
£22.95
£21.50
£24.95

E12.90
U F.0. Master Blaster £24.95
Amaze-A-Tron maze game E18.95
Touch Me by ATARI (like Simon) £26.95
Football (two players) £24.95
ZAP missile game £11.95
'DIGITS (like Mastermind) E14.95

ALL GAMES HAVE SOUND EFFECTS
EXCEPT 

The latest from the U S A

PINBALL WIZARD
* Still available *

Featured in Nov issue of E 1

Home TV Game - B. W Kit

Basic Kit £28.90
Contains everything except box and con-

trols
Box & Controls - E6.50. Mains Adaptor

£3.90
Play 7 games with 4 options on each
game
4 -Pinball games 2 -Basket. 1 -Breakout

Versatile car alarm kit £18.90
See review in Hobby Electronics

November
CHROMA CHIME 24 tune door chimes kit

£10.75 Built E15.95
C B Aerials and Accessories

COMPUTERS - Home.
ATARI video Business etc.
computer £138 PET 8K

SPACE INVADERS CART £29.95
STAR CHESS T V Game £63.35
DATABASE Prog. T V Game

NEW E89.95
CHESSMATE 8 Level NEW E59.95
CHESS CHALLENGER 7 E99.00
CHESS CHALLENGER 10 £160.00
VOICE CHALLENGER £219.00
CHECKER CHALLENGER 2 E54.00
CHECKER CHALLENGER 4 E90.00
ZODIAC Astrology Computer

NEW £29.95
Snooze Alarm E14.90
EL MAC 5MHz Scope £139.90
RADAT 10MHz Scope £169.00

PET 16K
SORCERER 16K
SORCERER 32K
SUPERBOARD 114K
UK 101 Kit 4K
Built 4K
TRS80 Level 2 16K
51/4" Floppy Drive
Dual Drive
NASCOM 2 Kit
HEATH WH89
HEATH WH14 Printer
Softy Kit
Softy Built
Intelligent EPROM Programmer
Sharp Software

. DISCS . BOOKS

£458.85
£573.85
E861.35
£918.85
£180.00
£226.85
£286.35
£409.40
£271.40
£506.00
£339.25

£1,805.00
£586.50
£115.00

S.a e. Enquiries. Please allow up It 21 days for delivery. All prices inc. of VAT.

61 BROAD LANE, LONDON N.15 4DJ
Day 01-808 0377; Eve 01-889 9736

OFF
Dc

FEATURED
ASA
PROJECTIN
PRACTICAL
ELECTRONICS

£ P & P VAT TOTAL
PE-DMM KIT 32.95 1.00 5.09 39.04

ICL 7106 8.95 0.50 1.42 10.87
LCD DISPLAY 7.95 0.50 1 27 9.72

PCB 4.95 0.50 0.82 6.27
FULLY ASSEMBLED

DMM (INC. LEADS)
39.70 1.25 6.14 47.09

To: Lascar Electronics. Unit 1, Thomasin Road, Basildon, Essex.
Please send me Data E FULLY ASSEMBLED DMM (INC. LEADS) £47.09 0

PE-DMM KIT £39.04 E ICL 7106 £10.87 L LCD DISPLAY £9.72 E PCB £6 27 7

Name

Address

Tel No

I enclose cheque/P 0 value

Eli MI Mil Mil MI ME Ma°
ETI SEPTEMBER 1980



FEATURE

TECH TIPS

RAMP FREQUENCY
-0.1 Hz Vp-p = 2V

Car Radio Suppressor
L. Marks, Lancs.

This circuit will suppress mains -borne
interference every time the car drives
over a buried power line. It may also be
used for suppressing ignition HT by a
modification to the following equation:

fc =
2 7r R1 C1

where R1 = 1/2 R2, C1 = 1/2 C2.
The circuit works as a band reject

notch filter.

1

20 log Vout
V in

fc FREQUENCY

TO CAR
RADIO OR
TAPE DECK

VLF Ramp Generator
C. Malloy, Whitby.

I t is always satisfying to exploit the
otherwise unwanted property of a
device - the reverse bias current of a
leaky germanium diode, in this circuit.
This reverse saturation current is
typically a few microamps for the 0A90
and is relatively constant over 2-10 V.
This constant current is used to linearly
charge the capacitor in the relaxation
oscillator built around the 741.

When the diode becomes forward
biased the capacitor is rapidly discharg-
ed by the limited output current of the
op -amp. Frequencies below 0.01 Hz are
possible, though measures may have to
be taken to improve the linearity of the
ramp.

PR1 allows some degree of DC off-
set of the ramp and the source follower
(Q1) reduces the loading on the
capacitor which tends to degrade the
ramp's linearity. For the same reason
tantalum (ie low leakage) types should
be used for large values of C3. Linearity
can be further improved by the use of a
FET input op -amp such as the 3140.

The frequency can be made
variable by using the FET constant cur-
rent generator shown in Fig. 2, which
should replace the diode, Dl. With RV1
at 100k the current will be about 30 uA
and roughly inversely proportional to
RV1. This constant current generator
needs a voltage of about 3 V to function
well. This may require an increased
power supply. However, the resulting
linearity is excellent, especially with the
suggested FET input op -amp.

Tech -Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer queries on these items.
ETI is prepared to consider circuits or ideas submitted by readers for this page. All items used will be paid for. Drawings should be as clear

as possible and the text should preferably be typed. Circuits must not be subject to copyright. Items for consideration should be sent to ETI
TECH-TIPS, Electronics Today International, 145 Charing Cross Road, London WC2H OEE.

ETI SEPTEMBER 1980 53



Parametric Equaliser
C.E. Read, Norwich

T he parametric equaliser offers six
bands of tone control separated by an
octave in frequency, each frequency
band being selected by the six position
rotary switch.

Potentiometer RV1 permits the
selected frequency band to be boosted
or cut by 12 dB. The filter is particularly
ideal for use with a guitar to modify and
enhance the tonal qualities of the in-
strument.

For example, the 500 Hz setting
with cut gives a hollow funky sound,
whilst the 500 Hz setting with boost
gives an overdriven valve amplifier, the
raunchy sound favoured by many rock
guitarists, but without the unpleasant
muddy, harsh should resulting from
boosting the entire audio frequency
spectrum.

FREQ (Hz) C2 (pF) C3 (pF)
a 125 47000 4700
b 250 22000 2200

c 500 12000 1200
d 1k 5600 560
e 2k 2700 270
f 4k 1500 150

INPUT R1
270k(_1 FmAr_o_L.

C1
100n 3

A

+9V at 3.5mA

R5
10k

R2
270k

IC1
741

+Ve

7

C2

II SYV1a
6 POLE

4

-Ve

R3 WO

RV1
100k
fin

A

R6
10k

C4
10u OUTPUT

R4 1N10

+Ve

7

IC2
41

4

-Ve

R7
47k

Ni-Cad Charger
J. Grainger, Rugby

T his circuit makes use of the new con-
stant current LEDs which are now
available for about 50p (Radio spares).
These devices pass a constant current
of about 15 mA for applied voltages in
the range 2-18 V and will also block up
to 18 V peak in the reverse direction.
Furthermore, they may be parallelled
directly to give any multiple of 15 mA
and, of course, they light up to give an
indication that they are working.

The circuit shown will charge a
single cell at 15, 30 or 45 mA, or cells in
series up to the supply voltage limit
(about 14 V). If it is desired to charge
cells at less than 15 mA, several cells
may be parallelled using suitable shar-
ing resistors, which should drop about
10 V at the cell current. The LEDs will be
damaged if the peak voltage of the sup-
ply exceeds 18 V (13 V RMS).

PCBs From Film
I. Parker, Bath.

T here is no doubt that the most pro-
fessional method to produce printed
circuit artwork is by the photographic
method. Unfortunately this involves the
use of expensive cameras and complex
enlarging systems.

However, the amateur can use this
simple cheap method that produces
equally good results.

Take the printed circuit artwork
(from the back of ETI) to a commercial

printers and ask them to make an
overhead transparency copy of it. This
looks like an ordinary photocopy but in-
stead of being printed onto paper the
image appears on transparent film. Lay
this on top of a piece of presensitised
PCB (obtainable from most electronic
retailers), use bulldog clips or adhesive
tape to make sure of good contact.
Then expose to sunlight for about half
an hour, spray the board with the
developer (following instructions
carefully) and then etch the board in a
normal solution of Ferric Chloride.

PARALLEL
CELLS

+Ve

t
SINGLE

SERIES
CELL
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FEATURE: Tech Tips

1

1

91

Vdd

T16

Vdd

CLOCK A

A
DATA A

Q1 Q2 03

RESET

Q4

TO CLOCK OF
-1"-- NEXT STAGE

F in F out

10

IC1
4015

15

CLOCK

DATA
05 Q6

B RESET

Q7 08

I 14

13 12

-1110-

TO
RESET
LINE OF
NEXT
STAGE

TO DATA
INPUT OF
NEXT STAGE

\L8
SW1

0 \
C\ R1

100k

// //
Vss

Burglar Alarm
P.N. Durrant, Chester.

The original circuit was developed
as a car burglar alarm, but it could
be used as a digital combination
lock or, with slight modifications -
removing counter 2 - a home
burglar alarm.

A suitable 4 or 5 digit code is
selected and, via a BCD switch
wired to the appropriate latches of
the 74118. Unused numbers corn-
moned to the reset latch. Switch
common is earthed through a push-
button. Each is selected and entered
by pressing the "enter" button. An
incorrect number resets the latch. If
the code is right then the unit is all
reset and the relay is pulled in. The
alarm is now disarmed.

If the code latch is reset a "0"
appears at point A, counter 1 starts
to count until it reaches eight, which
sets the first RS latch, arming the

detector latch.
A digital "0" from the detector

switches resets the latch and starts
counter 2, which allows a set time to
elapse before RLA drops out and the
alarm sounds.

Since originally designed for cars
without external reset, the final
delay was included to allow the
owner to enter and reset before the
alarm was activated. Therefore the
oscillator is set to the fastest time
the code can be set.

To arm the unit a noncode
number is set in. This leaves enough
time to leave the car before the unit
is armed. I used an illuminated push-
button and connected it to show
when the counter had reached its
reset point. This also has the advan-
tage of showing the thief that your
system is all go.

The power supply must be quite
heavily smoothed as the unit was
found to be quite sensitive to the
noise found in car electrics. The
coding switch was a thumbwheel
type, since it fitted the holes already
in the vehicle it was designed to be
used in. A touch type keyboard
could be substituted, but an enter
button must also be fitted.

The whole unit can be built using
CMOS, especially if it is required to
run from a separate supply from the
main battery. The relay is a reed
type holding in a larger multicontact
relay with its many enabling and
disabling uses in a car. it will also
operate many anti -theft devices in
the home. A slow code input and 5 S
clock acts as a reaction timer, which
could be embarrassing after a "li-
quid lunch".

ETI SEPTEMBER 1980 56



56

i 4) F-11

HOME
Steam tram and whistle (80019). Simulates the

sound on steam and whistle £6.50
Clap switch (79026). You clap your hands and the

light comes on £6.60
Elekdoorbell (79095). Program your own signature

E22.00
Touch dimmer (78065). Room lighting controlled by

single touch £6.80
TV sound modulator (9925) E3.75
Simple sound effects (79077) E5.70
Electronic nuisance (80016) E3.85
Ultrasonic transmitter (audio) (79510) E7.65
Ultrasonic receiver (audio) (79511) . E9.95
DJ killer (79505) E8.60
Quiz master (79033) E6.50
Variable fuzz -box (9984)
Ioniser (9823). Produces a high concentration of

negative ions E9.55
Oscillographics (9979). Random displays patterns on

your oscilloscope £11.25
Cackling egg timer (9985). Times your egg. then

clucks like a hen! £7.20
Pools forecaster (79053). Weighs up the odds and

could win you a fortune E8.15
Loudspeaking telephone amplifier (9987). Amplifies

signal without direct connection E11.60
Sensitive lightmeter (9886). Light measurement

using silicon photodiode E12.55
Nicad charger (79024). Automatically prevents over

charge of cells £15.20
Proximity detector (9974). Detects movement in a

room (electric field change) £9.80
Central alarm (9950). Master station slave station

£10.85
Alarm unit E3.10
Touch tuning FM preselect unit (79519). With digital

display E17.60
Talk funny (80052). Deliberate electronic distortion of

speech and music signals using a single IC. the
2206 £9.60

Colour generator (80027). Using coloured light for an
effective display E19.70

Pools predictor (79053) E8.15

HIGH FREQUENCIES
Aerial amplifier (80022). Improves the sensitivity of

an existing receiver specify VHF/UHF . . E5.45
UHF/VHF modulator (9976). Generates a carrier for

TV signals £6.25
Mini shortwave receiver (9920). Interesting introduc-

tion to SW radio £6.95
FM IF strip (78087). Using the CA 3189 limiter

demodulator IC E13.05
Stereo decoder (79082). Compatible with the FM IF

strip £15.10
Digital tuning scale (80021). A sophisticated digital

frequency indication E46.30
Ohm aerial (80076 1 + 2). A practical shortwave

aerial for 1.8-30MHz E10.30

MUSIC

Chorosynth (80060). A cheap mini -synthesizer .

£57.90
Elektor vocoder (80060). The first vocoder designed

to be built from a kit with excellent features. It has
10 channels £162.50

Front panels for vocoder per channel £1.25
Analog reverberation unit (9973). Kit with 1 SAD

1024 E27.70
Piano. Excellent kit of an electronic piano with three

voices.
Master tone oscillator/generator . E37.00
Octave PCB (9914) E18.75
Filter PCB (9981) E16.50
Power supply (9979) £19.05

Digital reverberation unit main board . £67.20
Extension boards £46.30

NEW - NEW

 Battery protection (80109). Forgetting to turn
off the headlights need no longer be a motorist's
nightmare. This project is designed to monitor the
battery voltage and switch off the lights automati-
cally in all kinds of motor vehicles £5.16

* Transistor ignkion (80084). A system which
combines the most significant advantages of other
systems including the conventional system! . .

E20.45

* Intelligent wiper delay (80086). This wiper
delay only needs to be told once what is required of
it. It will then carry out your orders until you
change them, which you can at any time..
instantly £15.85

* Active car aerial (80018-1 + 2). If there is one
place to use a good aerial it is in a car . £13.85

* Stop thief1(80097). There are all sorts of systems
for protecting cars. but this one is unusual: it is
deception, rather than protection . £4.20

* Battery voltage indicatei (80101). Only a few
components are needed to obtain an optional
indication of the battery condition: a single lamp
that changes colour as the battery goes into the
danger area £6.85

* Peat P (80130). An electronic insect
repellant. Confuses mosquitos with high pitch tone

E2.35

* Morse Trainer (80072). Can be preset to generate
the morse alphabet for tuition purposes. Morse key
required £11.00

Luxury Transistor Tester (80077). Not only checks
that the device is functional but displays HFE group

£15.54

NEW CATALOGUE
Send 40p for our new catalogue giving details of our
project packs and component range.

inn

Buying one of our PROJECT PACKS will save you the
frustration of tracking down those evasive com-
ponents that hold up the completion of your project.
Our packs include Printed Circuit Board, all the
components listed in the article together with sockets
and solder. Cases. knobs. etc.. can be supplied as
extra items if required. Ask for more information I

go IQ] 4 -is -to
J

Power supply for timebase
Universal timebase (78100). Crystal

timebase £19.70
1/4 GHz counter (9887 1 + 2 + 3 + 4). Excellent kit

count up to 250 MHz .... . E118.15
Minicounter (9927). 1KNz 4 digit display E27.70
Audio analyser (9932). An analyser which can point

the deficiencies in a particular audio chain or
environment E14.80

Spot sinewave generator (9948). Programmable
sinewaves with less than 0,0025% THD E12.95

Simple function generator (9453). Sine, square and
sawtooth outputs E27.70

Sinewave generator (79019). Always sinewaves
when you need them £8.90

TV scope basic version (9968 1 / 5). Produces display
up to 1 KHz on TV E34.50

TV scope advanced version (9969 1/3) Converts
basic scope to 100KHz bandwidth . . . £48.25

Digiscope (9926) £32.35
Digifarad (79088). A digital capacitance meter with a

wide range £25.10
Gate dipper (79514). Checks the resonant frequency

of a circuit E16.00

MEASURING
Digital thermometer (80045)

LCD display (supplied without relay) E28.95
LED display (supplied without relay) E23.20

Relay (two pole changeover) E2.45
AC millivoltmeter (79035). FET input meter CI rCUll

and audio generator £6.30
Universal digital meter (79005). Digital replacement

for pointer instruments £14.65
Precision timebase (9448). Generates a precision 1

Hertz pulse E13.10
£5.40

ontrolled

AUDIO
Equaliser (9832). Single channel audio equaliser with

slidepots E17.70
with turnpots E15.60
with preset pots £13.95

UAA180 LED meter (9817). A two -channel display
meter with LEDs E13.00

Peak programme meter (9860). For use with
UAA180 LED

£13.00
Luminant (9949 1 + 2+ 3). A novel LED audio level

indicator E20.70
Parametric equaliser (9897)

filter section (9897-1) £6.45
Tone control section (9897-2)

Audio analyser (9932). An analyser which can
pinpoint the deficiencies in a particular audio chain
or environment £14.80

Preconsonant (9954). A high-performance amplifier
£5.75

Consonant (9945). A complete audio control pream-
plifier £34.65

Toppreamp (80031). Mini preamplifier for Topamp or
any other Hi-Fi poweramp £34.30

Topamp (80023). Hybrid audio power amplifier with
OM 931 (output 30 watt) E18.50

with OM 961 (output 60 watt) . . . £33.40
Stentor (79070). A portable amplifier ideally suited

for PA £30.00
Assistentor (79071). A preamp for use with Stentor

E7.00
Elektornado (9874). A 2 X 50 watt or single

100 -wan power amplifier £19.50
Electret microphone preamp (9866). Compact design

that fits into the mike E4.85

NOW TO ORDER:

Send a cheque or postal order to DORAM ELEC-
TRONICS LTD., Fitzroy House, Market Place,
Swaffham, Norfolk, PE37 7QH. All our prices
include V.A.T. Please add 40p for postage and
packing.

Office hours: Monday -Friday. 9 a.m. to 5 p.m.
Telephone Swaffham (0760) 21627 Telex 81 7917

11"11111inh .kwx,
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THE NEW 50HZ COLOUR VERSION OF OHIO SCIENTIFIC'S SUPER -
BOARD II IS HERE AND LIKE A TON OF BRICKS DOWN CRASHES THE

PRICE OF STANDARD SUPERBOARD II.
50HZ UK BLACK AND WHITE SUPER -

BOARD II
£159.95 + 15% VAT POST FREE

COLOURBOARD II £205 + 15% VAT

THE UNIQUE SPECIAL
OFFER YOU CAN'T RESIST* * * * * * * * * * *

Ifboabrdbought wiitthen,%
are
per ebortd orrecdoulcoeudr

* pricesthbracketedeshow firer Also sold sd
1

eparatelyrya tAell y

Modulator and power supply kit 0.55
(E11). 4K extra ram E20 1E24). Case

* E23 (E26). Cassette recorder E13 *
(E15). Super Print 800 MST printer

x E399 (E399). Colour conversion *
board for Superboard II E45 (E45).* * * * * * * * * * *

WE CAN CONVERT YOUR SUPERBOARD TO COLOURBOARD, SEND
A SAE FOR DETAILS

AT BLINKIN" LAST!
COLOURBOARD II

1. r

Ifs i+1 SHIM
i4 et I 111111ilill

11111111141 Ulu 1

SINCLAIR PRODUCTS

PFM200 E51.95. case £2.07, adaptor E4.20, con
nector kit E13.95. Microviston TV EEL mains adaptor
E6.88. PDM35 £34.23, mains adaptor E4.20, case
E2.07. DM350 E76.70, DM450 E102.17, DM235
E55.55. Accessories for all 3 models.- rechargeable
batteries £7.59, mains adaptor /charger E4.20, case
E8.90. Enterprise prog calculator £19.95. New SC1 10
10MH, oscilloscope E144.95. TG105 pulse generator
E87. Bench frequency counter C150.

COMPUTER GAMES

New Sensory Chess Challenger 8 E109. Chess chat.
longer 7 (illustrated) E75. Chess champion 6 049.95.
Checker challenger 2 E39. Star Chess C62. Grandstand
video entertainment computer £79.95. Videocarts
E12.60. Phillips G7000 Videopak home computer
E139. Video oaks £12.88. Atari Videocomputer E129.
Cartridges E14.85 (except chess (43.95 and back
gammon E33.95).

SWANLEY ELECTRONICS
Dept. ETI, 32 Boldest Road, Swanley, Kent BR8 8EZ.

Mail order only Please add 35p postage Prices include VAT unless stated List 27p post free Overseas
customers deduct 13% Official credit orders welcome.

TV GAMES
AY 3 8500 chip
E3.00. Kit £4.26.
Stunt cycle AY.3.
8760 chip £9.14, kit
E4.95. 10 game
paddle 2 AY -3-8600
chip 05.115. kit
£7.03. Modified
shoot kit E5.28. Col-
our generator kit
£5.05.

MAINS TRANSFORMERS
6-0-6V 100ma 917p. 11/2a E2.60. 9.0.9V 75ma
80p, la E2.40, 2a E3.94. 12-0-12v 100ma 99p,
la E2.90. 15-0-15V la 63.15.

JC12 and JC20 AMPLIFIERS
Integrated circuit audio amplifier chips with data
and printed circuits JC12 6 watts E2.08. JC20
10 watts £3.54.

CONTINENTAL SPECIALITIES
PRODUCTS
EXP300 [6.61. EXP350 E3.62. E0P325 E1.84.
EXP6h0 E4.14. EXP48 E2.64.

STABILIZED POWER KITS
The fast price is for kit without transformer the
bracketed price includes transformer TTL
computer supplies 5V 2A E3.13 ((7.44), 5V 4A
£5.12 (E12.60). 8 -way types 3/41/2 /6/7% /9/
12 / 15 r 18V 100ma E1.84 ((2.60), IA E3.30
(E6.50), 2A £5.60 (E9.84). Variable voltage
models 2-18V 100ma E1.84 (62.50), 1-30V 1A
E3.30 (E6.75), 1.30V 2A £5.601(12.10).

PRINTED CIRCUIT MATERIALS
PC etching kits - economy E2.42, standard
E4.76. 40 sq ins pcb 45p. 1 lb FeCI £1.50. Etch
insist pens - economy 50p, dale 84p. Drill bits
1,32" or I mm 34p. Etching dish 92p. Laminate
curter £1.20.

BI-PAK AUDIO MODULES
41304 E4.53.
PA 12 E9.31.
PS12 E1.75.
T538 02.70.
S450 E27.90.
AL60 E5.62.
PA 100 E19.24.
SPM80 E5.26.
8MT80 E6.06.
Stereo 30
£23.94.
AL80 E8.56.

2114
Full spec. memory chips
Low current. 300615
Only (3.45

COMPONENTS
154148 0.9p. 154002 3.1p. 723 14 tld 33p.
NE555 8 dil 24p. 741 8 dil 18p. bc547. bc549,
bc182. bc184. bc212. bc214, 1,0548 5.5p.
tip31c, tip32c 36p. tied 1 c 40p. bd132 27p.
plastic equiv bcy72 4.5p. fuses 20min x 5mm
cartridge .15, .25. 5. 1. 2. 3. 5Amp quickblow
2p. resistors 5% NM E12 108 to 10M 1p, 0.89
for 50+ of one value. polyester capacitors 160V
015..0681M 2.6p, .1mf 4.0p, .01mf 3.00,
022. .033nd 3.3p, .047ng 4.0p, .15. .33mf
4.9p, 47mf 6.0p. polystyrene capacitors E12
63V 10 to t000pf 3p, 1n2 to 10n 4p. ceramic
capacitors 50V E6 22pf to 47n 2p. electrolytic
capacitors 50V 5. 1. 2mf 6p, 25V 5. 10m1 6p,
16V 22. 33mf Ilp, 47. 68mf 3.5p, 100rnf 7p,
330. 470m1 5p, 1000mf 11p. zeners 400rnw
E24 2V7 to 33V 7p. preset pots subminiature
0 1W horiz or vert 100 to 4M7 7p. poten-
tiometers thW 4K7 to 2M2 log or lie single 29p,
dual 71p. 'Ait" red LEDS 9.7p. is sockets 8 dil
8.7p, 14 01110.19, 16 kit 129.

BATTERY ELIMINATORS
3 -way types with
switched output
and 4 way ulti
tack - 3:41/2 6V
10Orna E2.67, 6,
71/2 / 9V 300rna
E3.14. 10Orna
radio types with
press -stud connec
tors 9V E3.77, 6V
E3.77, 41/2V
E3.77, 9 + 9V
(4.99, 6+ 6V'
(4.99, 41/2 4'1V
E4.99. cassette
recorder maim unit 7VW 100tne with 5 pin din
plug E3.57. fully stabilized type 3/6/71/2/9V
400me E5.50. car convertors 12V dc input.
output 71/2V 30Orria [1.19, output 3/41/2/6/
71/2/9/12V 800rna E2.76.

BATTERY ELIMINATOR KITS
100ma radio types with press -stud connectors
41/2V £1.49, 6V E1.45, 9V E1.49, 41/2 41/2V

E1.92. 6+6V E1.92. 9+9V £1.52, cassette type
7i/tV 100ma with gin plug (1.49. heavy duty
13 -way types 4'.it 7/ Vh 1 1 / 1 3 , 14 17
21r 25.28 34 T 14(5.52.24 E8.80. car
convertor input ' rtr mop, 6 Ti,: 9V IA
stabilired E1.35.

S-DECS AND T-DECS
S -Dec E3.79. T -Dec E4.59. 16 dii adaptor 02.31.

EX -STOCK FROM US

u BELT DRIVENr
4° TURNTABLE

WITH STEREO MAGNETIC
AUDIO TECHNICA

CARTRIDGE

LIST PRICE OVER £50
J.V.C. Turntable supplied com-
plete with Audio Technica ATIO
stereo magnetic cartridge.

Belt driven
'S' shaped tone arm.
Modern design
Full size 12" platter.
Calibrated counter balance
weight (0-3 firms).
Anti -skate (bias) device.
Size - 12'1," x 153," (approx)

AT ONLY
LIMITED
STOCKS £25.99
PLUS VAT £3.89 Post 2 50

GEC
HIGH

QUALITY STEREO
10+ 10 watt AMPLIFIER
WITH AM/FM STEREO TUNER

IDEAL FOR THE HOME
A cancelled export order
brings you this offer
from the world-
famous firm of G.E.C.
AM/FM stereo Tuner Amplifier
Ready built. Comprising of a tuner/pre-amp. board and

separate power supply/power imp. board with
wring diagram.

Rotary Controls: Tuning. on/oft volume. balance
treble. bass. Stereo Beacon indicator.

Push-button Controls. Mono. Tape. Disc. AT. C..
F.M. (VHF). LW. MW. SW.

Power Output: 7 watts RMS per channel. al better
than 1°. THO into B ohms. 10 watts speech and
music.

Frequency Response: 60Hz-201(Hz within 3dB.

Tape Sensitivity: Output - typically 150 mv. Input -
300 me for rated output.

Disc Sensitivity: 100 my (ceramic cartridge)
Radio: FM IVHFI 87.5MItz-108MHz.
Long Wave 1451(Hz-2651(Hz
Medium Wave 520101z-162%Hz.
Short Wave 5.13KHz-16MHz.
Size: Tuner - 2' tin. x I5in. 17' tin, Power Amp - 210

x 4' nn.

LOW
PRICE
OFFER

Limited stocks
Superb Value
Don't delay
order one today

ON /Off BALANCE. TREBLE. BASS. MONO TAPE Phone AFC FM L MW SW Tuning.

Volume

Fully Guaranteed Ex -Stock

SUITABLE
SPEAKERS

PAIR £19.95
10 WATTS INC

IN CABINETS VAT

POST

2 50 Pair

rP

ONLY

£19.95
f VAT L2 99

CARRIAGE E2 50

EX -MOTOROLA
.CAR STEREO CASSETTE MECHANISM
* Front loading 12 volt transistorised
* Speed & Voltage control
* Ex -equipment - Tested 0.K
* Takes standard C60 cassette

ONLY £7.50
INC VAT
POST 809

NENRy's
Phone (01) 723 1008/9
404 Edgware Road, London W2, England I. E . D.

5+5 Watt Car Stereo Amplifier made for Motorola
* WITH pre -amplifier and M. 8 Long wave assembly.
* Supplied as two built and tested units.

H.F. and I.F. stereo preamplifier and radio 4 e 2 x I".
 5+5 watt stereo amplifier 12/14 roll 4 x 2 x I"
* Complete wilh circuit. dale and connection diagrams.

Limited quantity available. ex -stock.

BRAND NEW
Only £5+ VAT

+ vAT

Post 50p

EX -

MOTOROLA

PRO M25 Professional capacitor boom -arm microphone by Eagle.
A graceful 60 cm boom -arm capacitor studio microphone using a cerdioid capsule. A high
standard of finish for in -vision use and yet robust enough to withstand long periods between
maintenance. Supplied complete with I red and 1

black windshield and 6 metres of twin

screened cable terminating al the microphone end in an 018 connector.
Impedance: 600 ohms [floating). Response: Z016.000 Rt. Sensitivity: - 70 HT
Cable: 6 metres two conductor shielded. Connector: XLR 3-1IC. Battery type: M.

LIST PRICE
(37 40

OUR PRICE
£19.95

Inc VAT
POST 1 50
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VOCODER
Change sex or orchestrate yourself (same thing, really) with the ET!
Vocoder, designed by Richard Becker of Powertran.
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Avocoder could be simply defined as a device which
will, in real time, superimpose the spectral character-
istics of one signal upon another. To leave it at that,

however, would result in many a yawn and a few skipped
pages. In fact vocoders are anything but boring! Put speech
and the output of an instrument into a vocoder and the
instrument, not the operator, appears to be doing the talking
or singing! Use the internal excitation oscillators, change the
frequency and the speaker suddenly changes sex. Use the
noise generator and there is whispering in the breeze. Use the
output of a cassette deck and the London Symphony
Orchestra recites the Karma Sutra! Just a few of the
possibilities!

Human speech is built up from two basic components
- the sound from the vocal chords which buzz when air is
passed over them and the sound of air rushing past the teeth.
These sounds are used to produce voiced and unvoiced
speech respectively. By opening and closing the mouth and
the nasal cavity, and by moving the tongue, thereby
adjusting the resonances, the basic sounds are modified in
amplitude and harmonic content. If the variations in
amplitude and harmonic content can be analysed and
applied to suitable electronic control circuitry then the basic
sounds of speech can be substituted for by almost anything
and this is just what a vocoder does.

The first part of a vocoder is a spectrum analyser
producing control signals which are a measure of the
strength of the speech signal in each of the frequency bands
(14 in this design). The substitution (excitation) signal is also
split into a number of frequency bands (using identical filters
to those used for analysis) and each of these signals is passed
through a voltage controlled amplifier whose gain is
determined by the control signals. The sum of the outputs of
these amplifiers is the vocoder output.

613

The system
The speech signal, after passing through the pre-

amplifier and tone control stages, is separated irito 14 bands
by bandpass filters, a low pass filter and a high pass filter. The
bandpass filters are double tuned that is to say each of the
two stages has a slightly different resonant frequency. The
effect of this is to broaden the band of accepted frequencies
and give the response curve a flattened top. A high Q makes
the filters cut off rapidly out of the pass bands.

The envelope followers consist of an active full wave
rectifier and a low pass filter, the output of which is the
control signal for the synthesiser section. The control signal
passes through a sample and hold stage which is used to
freeze the music, by means of a footswitch, at any required
point of articulation. The stage is also used for slewing rate
control which smooths out the control signals for slower and
smoother changes in spectral balance and amplitude
resulting in speech being changed into singing or chanting.

Holy Responses
In the synthesis section there is a filter bank identical to

that of the analysis section. Voltage controlled amplifiers
modulate the outputs of these with the control signals from
the analysis section. The outputs are then summed to
produce the output signal. Alternate channel outputs are
inverted since there is a change in phase as a signal is swept
through the resonant frequency of the filter. Therefore, at the
midpoint between adjacent bands phase cancellation will
occur producing deep holes in the overall frequency
response. By having adjacent channels outputs inverted with
respect to each other there is addition instead of subtraction
at the midpoints.
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PROJECT

The analysislsynthesis board occupies the front half of the case. All the potentiometers are PCB mounting for ease of construction. The Power Supply
Unit (to be described next month) is a respectable distance away, mounted on the rear panel.

SPECIFICATION

14 channel: Filters - 4th order with bandpass filters at V3 octave
spacing.
LED Bar Display PPMs for both speech and excitation.
Speech input: amplifier:
mic input: sensitivity 1 mV
mic input: impedance 100k
line input: sensitivity 500 mV
line input: impedance 10k
tone control: ± 6 dB Treble boost - Bass cut/Bass Boost - Treble
cut.
excitation input amplifier:
low input: sensitivity 10 mV
low input: impedance 100k
high input: sensitivity 500 mV
high input: impedance 10k
tone control: ± 6 dB Treble boost -Bass cut/Bass boost -Treble cut

Internal excitation:
pseudo -random counter noise generator
2 oscillators - range: 15 Hz -250 Hz
pulse width: fully variable

Slew rate control: 100:1 range. FREEZE by footswitch

Voice/unvoiced detector:
AGC on noise generator to follow excitation signal

Output amplifier:
mixing controls for vocoder, speech bypass and external excitation
bypass
Output level: 1V

The internal excitation board.
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Fig.1. Block diagram.
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Details of the smaller boards devoted to slew rate control (left), input amplifier (middle) and output amplifier (right) will be given in the concluding
part of the Vocoder project next month.
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PROJECT: Vocoder

NOTE:
RV3, 4 & 6 ARE ON THE UNDERSIDE OF THE BOARD

Fig.2. Component overlay of the internal excitation board.

PARTS LIST

L

EXTERNAL
EXCITATION IN

r

I< 2kHz

4kHz

EXCITATION
OUT

V/UV
ON/OFF

RESISTORS - ALL 2% METAL OXIDE CAPACITORS
C1,3 100n polyester

R1,9,29,34,40,44,45,50 10k C2,4 10n ceramic
R2,10 5k6 C5 220p ceramic
R3,11 18k C6 33n polyester
R4,12 560R C7 100p ceramic
R5,13 11k C8 10n polyester
R6,8,16,18,35,39,43 47k C9 10u 16V tantalum
R7,15 150k C10 100n polycarbonate
R14,30,42 1M C11 220n polycarbonate
R17 100k C12 1u0 polycarbonate
R19 15k
R20,24,25,26,27,28 4k7 SEMICONDUCTORS
R21,32 22k IC1,2,7,10,11 1458
R22 330k IC3,8 TL082 or LF353
R23 27k IC4 741
R31 3k9 IC5 4006
R33,38 470k IC6 4030
R36,37,46 1k5 1C9 CA3080
R41,47,48 1k IC12 4016
R49 3k3 Q1,3 BC182L

Q2,4 BC212L
ZD1,2 5V1 Zener

POTENTIOMETERS D1 -D6 1N4148
RV1,2,5,7 10k logarithmic LED 1 TIL209
RV3,4,6 10k logarithmic
PR1,2 100k preset MISCELLANEOUS
PR3 220k preset 9 way connector and pins, IC sockets, terminal pins, rotary on/off
PR4,5 2k2 preset switch.
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4

INTERNAL EXCITATION OSCILLATORS

NOISE GENERATOR

FROM

PRECISION RECTIFIER

NOTE
ICI 2,7,10811 ARE 1058
IC38 8 ARE TL082 OR LEM]

IS MI
035 IS 4006
ICE IS 4030
IC9 IS G30110
IC12 IS 4018
DI 6 ARE 1,44148
01 8 3 ARE BC182L
0284 ARE SUM

Fig.3. Circuit diagram of the internal excitation network.

Raising the analysisIsynthesis board reveals the smaller boards.
From left:- speech input amplifier, internal excitation, external
excitation amplifier,output amplifier. Most pots are held firmly
on their PCBs by pot mounting frames.
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HOW IT WORKS
IC1, 2 form a pair of relaxation oscillators. IC2 is an integrator
driven by the output of IC1. C1 is charged until it reaches about
one third of the supply line voltage when the Schmidt trigger (IC1)
changes state and C1 starts discharging until it reaches about one
third of the supply line voltage in the opposite direction, making
IC1 change state again. The output of IC2 is a triangular waveform
which is compared with an adjustable DC voltage by IC3 to
produce a pulse output of adjustable mark/space ratio. The
outputs of the two oscillators are mixed with the external
excitation and the noise by IC4.

The noise generator is a pseudo -random counter. IC 5a,b form
an oscillator operator at about 40 kHz. This clocks IC6, which is an
18 stage shift register with feedback applied round it via IC 5c, d
and Q1. The output of IC5c is a complex pulse train, which, when
filtered by C8, R19, C6 has the characteristics of random noise with
a very even frequency response.

The key part of the voiced/unvoiced detector is the
comparator IC11a, which compares the levels of the speech
components over 4 kHz with those below 2 kHz. It is not necessary
to use separate filters for this purpose as the control signals at the
outputs of IC3 of the analysis section contain the necessary
information and these are summed by IC 10a, b before comparison.
When voiced speech is present IC11a goes low, Q3 turns off, its
collector goes high and the analogue switch IC12b is opened
allowing the output of IC4 to pass to the synthesis section. To
match the noise level to that of the excitation from IC4 there is
AGC. IC7a is a full wave rectifier peak detector which is buffered
by IC8a. IC8b and Q2 are a voltage to current converter to provide
a control current for the OTA IC9 through which the noise is
passed.

Fig.4.(below) Filter frequency response curves.

CHAN 2 3 4 5 6 7 8 9 10 11 12 13 14

100Hz 200 300 400 500 600 700 800 900
1 kHz

2 4 5 7 8 9 10kHz
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For external excitation, there is a pre -amplifier and tone
control circuit similar to that used for speech. The output of
this stage is mixed with the two oscillators (which generate
pulses of variable width and frequency) and also with the
output of the noise generator. The noise also passes through
an AGC circuit to match its level to the excitation signals.
This noise is then used to substitute for the other excitation
signals by the voiced/unvoiced detector electronic switch
when unvoiced speech is detected by the comparator which
determines whether the majority of the energy in the speech
is at low frequencies (2 kHz - voiced) or at high frequencies
(4 kHz - unvoiced).

BUYLINES

Powertran Electronics, Portway Industrial Estate, Andover,
Hampshire, are supplying a complete kit of parts for this project at
£195.00 plus 15% VAT. Delivery by Securicor is £2.50 extra.
Everything is included in the kit down to the last nut and bolt. They
even give you a 'Freeze' footswitch and a test oscillator for setting
it up!

C2'

SPEECH IN

Rt.

PM'

BAND PASS FILTER

C4.

-"\A"./\--
R5

Next month we conclude the Vocoder project with con-
structional details of the remaining boards and power
supply, with notes on setting up and use.

HOW IT WORKS
IC1 in channels 2-13 is the analysis bandpass active filter. PR1
adjusts the first section in relation to the second. When correctly
set up there is an overall voltage gain of 10. In channels 1, 14 IC1 is
a low pass filter and a high pass filter respectively. IC2 rectifies the
signal to demodulate it to convert it into a control signal for the
VCA. IC3 is an active low pass filter with a cut off frequency of 200
Hz or one fifth of the frequency of the bandpass filter, whichever is
the higher.

R14 takes the output of IC3 out for analysis by the
voiced/unvoiced detector. IC4 is the slewing rate controller, Q1
and R15 acting as a variable resistor which, in conjunction with C7,
forms an RC network adjustihe slewing rate controller, Q1 and R15
acting as a variable resistor, which, in conjunction with C7, forms
an RC network adjusting the slewing rate of the stage. Being a FET
Q1 could, on its own, be used as a variable resistor by simply
varying the Vcs, but there are 14 of them to control simultaneously
and without careful selection they would not track together. To
deal with this Q1 is used instead as a switch which is turned on and
off by a 1 kHz pulse signal of variable width. C7 is then charged and
discharged at a rate dependent on the duty cycle of the pulse

signal and R15. During the ON period Vcs is maintained at 0 by
the feedback via R17.

IC5 and Q2 form a voltage to current converter, the gain of
which is set by PR2 to compensate for variations in gain in IC6. For
correct operation ICS's input must never go negative. To ensure
that it doesn't, a bias voltage is applied via R15. This voltage
together with the combined offset voltages of IC1-5 is nulled out
by PR3.

IC6 is an OTA (operational transconductance amplifier),
which could have been our old friend the CA3080, but a better
device, the LM13600 is now available. It achieves very low
distortion by having linearising diodes at the input. Bias current
for these is supplied by R28. The gain is controlled by the current
supplied to pin 1. The output of the OTA is taken to a volume
control RV1 from where it goes back into IC6 to a buffer stage
before being taken out via C12 and R30 to a virtual earth mixer.
C12 and R30 serve as a high pass filter to remove breakthrough of
the control signal. The excitation or music signal is applied to the
OTA via IC7 which is a filter identical to that of IC1.

CHAN PR 1,5 R1,21 52,22 R3,23 R4,24 R5,25 R6,26 R7 R12,13 C1,3,8,10 C2,4,9,11 C12 IC1,7

1 10k 10k 2k0 220R 10k 10k 4k7 68k 47n 150n 220n TL082/LF353

2 2k2 2k0 82k 24k 910R 110k 110k 4k7 47k 68n 68n 47n 1458

3 1k0 6k2 180k 47k 560R 220k 220k 4k7 30k 39n 39n 33n 1458

4 1k0 6k2 180k 47k 4305 220k 220k 4k7 24k 33n 33n 27n 1458

5 1k0 61(2 180k 47k 4305 220k 220k 3k6 18k 27n 27n 22n 1458

6 1k0 6k2 180k 47k 430R 220k 220k 3k0 15k 22n 22n 18n 1458

7 1k0 6k2 180k 47k 560R 220k 220k 2k4 12k 15n 15n 15n 1458

8 1k0 6k2 180k 47k 560R 220k 220k 1k8 12k 12n 12n 12n 1458

9 1k0 6k2 180k 47k 5105 220k 220k 1k5 12k 10n 10n 10n 1458

10 1k0 6k2 180k 47k 4705 220k WIRELINK 1k2 12k 8n2 8n2 8n2 TL082/LF353

11 1k0 6k2 180k 47k 430R 220k WIRELINK 1k2 12k 6n8 6n8 6n8 T L082/L F353

12 1k0 6k2 180k 47k 560R 220k WIRE LINK 1k2 12k 4n7 4n7 4n7 T L082/L F 353

13 2k2 2k0 82k 24k 1k1 110k 110k 1k2 12k 3n3 3n3 4n7 1458

14 13k 43k 2k0 2205 43k 13k 1k2 12k 1n0 1n0 4n7 1458

Table 1. Component values for the 14 channels of the analysis/synthesis section.

R9
4k7

PRECISIOI
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4k7 4k7

D2

RECTIFIER
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NOTE.
C1 & 7 SEE TABLE
C2 IS 1458

R36 C3 IS 741
100R C4 IS LF351 OR TL081

C5 IS `h1458
C6 IS Y, LM13600

D1-4 ARE 154148
C11 IS BF244
Q2 IS BC212L

IC4

R17

V D3

&-INTRWE

SLEWING RATE
CONTROLLER

C10.

R24°

C11

R26*

R25.

IC7b

R27
10k

I C5

3k9

D4

14

R28
12k

PR2 R19
22k

+12V

R31 PR4 R32
470R 100R 470R

1131

(14)

BANDPASS FILTER

Fig.5a(above). Circuit diagram of analysis/synthesis section.

C13

220R

C14100

EXCITATION 10,
IN

Fig.5b. In channel 1 band pass filters are replaced by the lowpass filters
shown above.
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R20
10k

1(16)
8191

7110

5 112)

RV1
100k
log

+12V

PR3
100k

-12V

R30
C12* 22k

Ffr\A.A.00
TO OUTPUT

R29 AMPLIFIER
1k0

-12V

VOLTAGE CONTROLLED AMPLIFIER

Fig.5c. In channel 14 band pass filters are replaced by the high pass
filters above.
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L_

Fig.6. Component overlay of the analysislsynthesis section. We haven't shown the whole board, as the channels are very similar. The three parts of the
board (above) show channels 1, 2 and 14 and the power connections in the middle.

PARTS LIST

PARTS COMMON TO ALL CHANNELS POTENTIOMETERS
RV1
PR1,5

100k logarthmic
see Table 1

D1-4 1N4148
Q1 BF233C
Q2 BC212L

PR2 22k preset *only '/ of IC used in each channel
RESISTORS ALL 2% METAL OXIDE PR3 100k preset
R1-7, 21-26 see Table 1 PR4 100R preset
R8,9,10,11 4k7 PARTS SPECIFIC TO CHANNEL 1
R12,13 see Table 1 CAPACITORS R33,34 220k
R14 100k C1-4,8-12 see Table 1 C13,14 1u0 tantalum
R15 2k2 C5,7 100n polycarbonate
R16 15k C6 47n polycarbonate PARTS SPECIFIC TO CHANNEL 14
R17,19 1M R35 10k
R18 3k9 SEMICONDUCTORS
R20,27 10k IC1,7 see Table 1 PARTS SPECIFIC TO CHANNEL 13
R28 12k IC2,5" 1458 R36 100R
R29 1k IC3 741
R30 22k IC4 TL081 or LF351 MISCELLANEOUS
R31,32 470R IC6* LM13600 IC sockets, 4 way connector, connector pins.
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o electronics
56 FORTIS GREEN ROAD, MUSWELL HILL, LONDON N10 3HN
TELEPHONE 01-883 3705, 01-883 2289
YOUR SOUNDEST CONNECTION IN THE WORLD OF COMPONENTS

PETS
2001-8N (8K RAM)

£399
2001-16N (16K RAM) £499

2001-32N (32K RAM) £599
ALL WITH NEW KEYBOARD
AND GREEN SCREEN

PERIPHERALS
Service & Assistance available.
Interfaces available are:
X -Y Plotters. Analogues to Digital Converter external cassette deck
directional interfaces etc.

suitable 16 channel interfaces Bi-

FOR ALL PETS £55

UK101
NEW LOW PRICE

£179 IN KIT FORM
£229 READY BUILT & TESTED

£249 COMPLETE IN CASE
No extras required 8x2114
* Free sampler tape
* Full Querty keyboard
* 8K basic
* Ram expandable to 8K on board

(4K inc)
* Kansas City tape interface

ASSEMBLER
EDITOR
TAPE

£14.95
* NEW MONITOR ALLOWS FULL EDITING & CURSOR CONTROL

£22.00

LATEST STOP PRESS AND PRICE LIST
Send sae or phone for up-to-date PRICES of all our range of items stocked

CASES
Available for
U.K. 101, Superboard
Nascom,
Appx. DIM. 17" x 15"
435 x 384 mm

PRICE £24.50
P. packing £1 50

TX -80 £395

TAPES
Unique stackable tape
storage unit. Interlocking
drawers.
45 drawers each containing 2
C12 tapes

10 drawers £9.50
5 drawers £5.25
Single drawer £1.10

PRINTERS

EPSON TX -80 £395
Dot-matrix printer with Pet
graphics Interface: Cen-
tronics parallel, options: PET,
Apple and serial,

MEMORY EXPANSION KIT,
Suitable for UK101, Superboard
expansion using 2114's each board
has 16K ram capacity kit contains
* On board power supply
* 4K Eprom expansion
* Fully buffered for easy expansion

via 40 pin socket
* 8K kit
* 16K kit

£99.95
£139.90

MEMORY

D.RAMS p
4027 2.75
4050 (350NS) 2.35
4060 (300NS) 2.39
4116 4.35

S. RAMS
2102A 1.09
2102A2 1.09
2112A 2.25
21L02 .98
2114-4045 2.95
4035 1.07
4044-5257 6.93

BULK PURCHASE
8 2114 22.50
8.4116 29.95
8 21L02 7.00

BULK PURCHASE
16 2114 39.95
16 21L02 13.00
32 21L02 25.00
64 21L02 45.00

EPROMS
2708 4.95
2716 (5v) 13.95
2532 39.95

ROMS
2513 (UC) 5.95

(LC) 5.95

CPUS
6502
8080
9900
6800
Z80

9.50
4.75

25.95
5.90
8.95

BUFFERS
81LS95 1.25
81LS96 1.25
81LS97 1.25
81 LS98 1.25
SN74365 .52
SN74366 .52
SN74367 .52
SN74368 .52
8T26 1.75
8T28 1.75
8795 1.57
8T96 1.57
8797 1.50
8T98 1.57

BAUD RATE
MC14411
MM5307 8.75

UARTS
AY -5-1013 3.45
AY -3-1015 3.98
MM5503 4.75
6011 3.55

Please add VAT 1 5% to all prices. Postage on computers, printers and cassette decks charged at cost, all other items'
P&P 30p. Place your order using your Access or Barclaycard. (Min. tel order £5). Trade and export enquiries welcome,
credit facilities arranged.
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ALL PRICES ARE EXCLUSIVE OF VAT

TRANSISTORS

AC128 15p
AC187K 30p
AC188K 30p
ACY17 90p
A0149 55p
AF127 35p
ASZI7 120p
AU113 150p
BC107 7p
8C108 7p
BC108A 7p
BC108C 7p
BC136 15p
BC140 28p
BC141 30p
BC142 25p
BC143 28p
BC147 6p
BC147B 6p
BC149 7p
BC149C 7p
BC159 9p
BC160 35p
BC167A 10p
BC178 12p
BC179 12p
BC182 8p
BC182L 9p
BC183 9p
BC183L 9p
BC184L 9p
BC186 20p
BC212 9p
BC212L 9p
BC2I3B 9p
BC327 13p
BC328 13p
BC337 16p
BC338 lip
BC440 32p
BC547 9p
BC548 9p
BC550 14p
BC558 12p
BCY33 99p
BCY34 99p
BCY39 229p
BCY58 16p
BCY70 12p

BCY71 12p
BCY72 12p
8E179
BFI83
BF200
BF336
BFX30
BFX86
BFX88
BEY50
BFY51
BFY64
13FY90
BSX19

25p
25p
29p
33p
32p
26p
22p
13p
13p
28p
56p
80p

EISY95A 16p
BU204 I49p
BU208 150p
0C29 89p
0C43 50p
2N696 15p
2N930 20p
2N1132 19p
2N1304 40p
2N1613 12p
2N1711 . 15p
2N2217 .. 20p
2N2219A 20p
2N2221 18p
2N2368 15p
2N2369 14p
2N2894A 20p
2N2904 .. 15p
2N2904A 15p
2N2905 .. 15p
2N2906 .. 15p
2N2926Y 10p
2N29260 10p
2N2926R 10p
2N3442 102p
2N3702 .8p
2N3704 8p
2N3705 8p
2N3708 8p
2N3709K 8p
2N3866 35p
2N3906 10p
2N4058 12p
2N4427 60p

Add VAT

DIODES

A4119
BA154
BA156
N4001
N4002
N4003
N4005
N4006
N4007
N4148
S44

10p
9p
9p
4p
4p
5p
5p
6p
6p
5p
3p

OPTO

Leds
125 Red 8p
125 Green 12p
125 Yellow 12p

2 Red 10p
2 Green 10p
Displays
704 110p
741 160p
747 160p
750 160p

TRIACS

4A 400V 54p
4A 600V 60p
6A 400V 60p
6A 600V . 66p
84 400V . 66p
8A 600V ... 72p
10A 400V . 72p
10A 600V . 84p
154 400V .108p
154 600V 126p

with internal
trigger disc.

4A 400V ... 66p
4A 600V 75p
6A 400V 75p
6A 600V 90p
8A 400V 90p
8A 600V ... 95p
10A 400V .95p
10A 600V .100p
15A 400V .120p
15A 600V .138p

Prices correct
at time of going
to press

REGULATORS

7805 57p
7812 57p
7815 57p
7824 57p
7905 140p
7912 140p
7915 140p
7918 140p
7924 140p
LM3201.5 149p
LM32078 149p
LM320T15 149p
LM320T18 149p
LM340T5 74p
LM340T8 74p
LM340T15 74p
LM340T18 74p

TTL

7400 9p
7401 9p
7402 9p
7403 9p
7404 10p
7405 14p
7406 30p
7407 30p
7408 17p
7409 17p
7410 12p
7412 17p
7413 25p
7414 45p
7416 25p
7417 25p
7420 14p
7427 28p
7430..._14p
7432 22p
7438 26p
7442 48p
7447 50p
7450 15p
7451 15p
7470 30p
7472 25p
7474 20p
7475 27p
7480 40p
7482. 60p
7486 25p
7491 63p
7492 35p
7493 28p
7494 63p
7495 63p
74100 110p
74107 30p
74121 25p
74122 36p
74123 44p
74145 72p
74154 80p
74157 . 60p
74161 85p
74175 63p
74180 84p
74181 151p
74191 800

74192 80p
74193 80p
74194 80p
74LSOO 11p
74LS01 II p
74LS02 12p
74LSO3 12p
74LSO4 12p
74LS10 19p
74LS11 20p
74LS20 18p
74LS30 18p
74LS32 24p
74LS42 89p
74LS51 24p
74LS55 28p
74LS74 39p
74LS75 46p
74LS76 . 39p
74LS85 . 99p
74LS90 36p
74LS93 . 79p
74LS114 49p
74LS122 65p
74LS123 65p
74LS124 115p
74LS132 89p
74LS139 79p
74LS151 89p
74LS155 91p
74LS156 89p
74LS157 69p
74LS165 69p
74LS168 139p
74LS174 99p
74LS175 99p
74LSI90 110p
74LS192 115p
74LS194 115p
74LS195 115p
74LS196 95p
74LS197 ,125p
74LS257 99p
74LS260 99p
74LS273 .199p
74LS367 59p
74LS378 159p

CMOS

4000
4001
4002
4006
4007..
4008
4009
4010
4011
4012
4014.
4015
4016.
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026

14p
14p
14p
69p
16p
79p
36p
36p
19p
16p
59p
73p
42p
79p
79p
45p
89p
83p
79p
16p
49p
17p

129p

BRIDGE RECTIFIERS

50V 100V 200V 400V 600V
2A 45p 52p 60p 75p 100p
4A 52p 60p 68p 82p 105p
6A 60p 68p 75p 90p 112p
25A 105p125p 150p 175p 200p

RETAIL SHOP AND MAIL ORDER
WE STOCK A WIDE RANGE OF
* Semiconductors * Resistors Capacitors * Soldering
Irons & tools * VERO products * OK Machine Tool Co.
Products * Microcomputers & Peripherals including
Nascom. PET. Sharp.
* Large range of Microcomputer books

4027 39p
4028 59p
4029 89p
4030 49p
4034 189p
4035 99p
4042 69p
4043 86p
4044 83p
4046 109p
4049 45p
4050 63p
4051. 69p
4052 69p
4053 69p
4066 49p
4069 17p
4070 17p
4071 17p
4072 17p
4073 17p
4075 19p
4076 75p
4077 35p
4081 19p
4082 17p
4160 105p
4161 105p
4162 105p
4163 105p
4402 36p
4404 110p
4412 86p
4445 174p
4446 148p
4502 99p
4511 89p
4512 89p
4514 229p
4515 229p
4516 99p
4520 70p
4522 129p
4526 125p
4531 125p
4555 92p
4556 69p
4581 269p
4582 115p
4584 59p
4585 99p

DIL SOCKETS

8 pin 10p
14 pin 12p
16 pin 13p
20 pin 25p
24 pin 30p
40 pin 40p

MEMORIES

21L02
2114
4027
4116
4118

60p
300p
275p
500p

1250p

EPROMS

2708 750p
2716 1500p
2732 4850p

CPU'S

Mk 3880 950p
Mk 3881 625p
Mk 3882 625p

All advertised
tems available
tor immediate
despatch while
stocks last

35p P&P VAT
additional

INTERFACE COMPONENTS LIMITED,
OAKFIELD CORNER SYCAMORE ROAD,AMERSHAM , BUCKS HP6 6SU

TELEPHONE:02403 22307. TELEX:837788
Write, telephone or call. Access or Barclaycard accepted

VALVE
BARGAINS

AERIAL
AMPLIFIERS

Aerial Amplifiers can produce remark.
ANY 5-80p, 10-E1.50, 50.E6. able improvement on the picture and
Your choice from the following: ECC82. sound in fringe or difficult areas.
EF80. EF183, EF184, EN90, RCF80. B45 - For Mono or Colour this is
PCF802, PCL82, PCL85/805. P1504. tunable over complete UHF television
PY800, PY88, PFL200. band.

COLOUR TV VALVES. PL508-
PL509 / 519 PY500 /A-PL802. All

811 - For Stereo or Standard VHF /FM
Radio.-

tested 65p each. 812 - For VHF Television Band 1 & 3
All Amplifiers

tour.
are complete and

100-MULLARD C280/C281 ready
Battery typeCAPACITORS. Values from .01 of to PP3 or 8v to 18v DC, next

1.5uf 250V /W. Our choice. Good to the set type fitting. Prices £5.70
mixed selection. Price per 100 £2. - each.

SIGNAL INJECTORS with (Pre-set) va iable AF, which emits RF Harmonics into
the UHF band. Protected up to 300 volts DC. Complete with leads £5.70 each.
All prices include VAT at 15% P&P per order 30p. S.A.E. for Leaflets, Access Cards

accepted,

ELECTRONIC MIA ILORDER LTD.
62 Bridge Street, Ramsbottom. via Bury, Lancs.

Tel. RAMS 3036

TANGERINE
Build your own Computer Kits,

available from £79.35
Assembled and tested from £90.85

S.a.e. or telephone

MICRO -PRINT LTD.
21 Bankhouse Road, Hanford

ST() I( 1E -CI Ild -11-11 ENT

(0782) 657893
for advice/assistance and Order Forms

Prices include V.A. T. Post and packing extra

TRANSFORMERS
Panel Meters, Bridge Rectifiers, Power Supply Units
Multimeters - Semi Conductors - Timers - Safebloc

Minimum & Sub Miniature
Mill..
amps

Volts
3-0-3
0 6,0.6
9-0-9
0.9, 0.9
0-8-9.0.8-9
0-8-9, 0-8-9
0-15, 0-15
0-20, 0-20
20.12-0-12-20

200
IA 14
100
330 330
500 500
14 to
200 200
300 300
700(DC)

0-15-20, 0-15-20 IA 14
0-15-27, 0.15-27 500 500
0.15-27, 0.15-27 14 14
12 AND/OR 24 VOLT
Pri 220-240 Volts

Art
12w 24V Ref.
0.5 0.25 111
1.0 0.5 213
2 1 71

4 2 18
6 3 70
8 4 108
10 5 72
12 6 116
16 8 17
20 10 115
30 15 187
60 30 226

30 VOLT (Pri: 220-240V)
Sec 0-12.15-20-24-30V

Amps
0.5
1.0
2.0
3.0
4.0
5.0
6.0
8.0

100

Ref. Price
No. E P&P

238 2.55
212 2.95

13 2.25
235 2.10
207 2.70
208 3.80
236 2.10
214 2.70
221 3.45
206 4.55
203 4.00
204 6.05

Price

2.25
2.70
3.20
4.00
5.55
7.40
8.20
8.80

10.80
13.80
16.80
33.30

Ref. Price
No.
112 2.80

79 3.55
3 5.55

20 6.25
21 6.55
51 9.55

117 11.05
88 14.30
89 16.55

65
70
65
65
70
70
65
85
85

1 00
85

1.00

P&P
70
85
85

.85

.90
1.15
1.15
1.15
1 25
1.45
1.45
1.75

P&P
85
85

1.00
1.15
1.15
1.15
1.15
1,45
1.45

50 VOLT (Pri 220-240V)
Sec 0-19-25-33-40-50V

Ref. Price
Amps No. £ P&P
0.5 102 3.55 .85
1.0 103 4.55 1.00
2.0 104 7.25 1.15
3.0 105 8.55 1.15
4.0 106 10.80 1.25
6.0 107 15.05 1.45
8.0 118 20.15 1.65

10.0 119 24.05 2.15
60 VOLT (Pn 220-240)
Sec 0-24-30-40-48-60

Ref. Pries
Amps No. I P&P
0.5 124 3.80 .85
1.0 126 5.55 1.00
2.0 127 7.50 1.15
3.0 125 11.05 1.25
4.0 123 12.30 1.45
5.0 40 14.10 1.55
6.0 120 17.55 1.55

AUTO TRANSFORMERS
Input/Output Tapped 0-115210-240V
VA Ref. Price
(Watts) No. E P&P

20 113 2.60 85
75 64 4.05 85

150 4 5.55 1 00
Input/Output Tapped
0-115-210-220-240V
300 53 10.05 1 15
500 67 10.80 1 45
1000 84 18,55 1 55
Also 1500/ 2000/ 3000VA
MAINS ISOLATING (Centre Tapped 8.
Screened)
Pri 120 '240V Sec 120/240V
VA Ref.
(Watts) No.

60 149
100 150
2(X) 151
250 152
350 153
1000 156

Price
P&P

6.55 1.00
7.55 1 25

11.05 1.25
13.25 1.45
16.25 1 55
37.05 3,15

Please add VAT at 1 5%
Barclaycard and Access facilities

available
Trade and Education Welcome

BAYDIS
7a William Street
Herne Bay. Kent
Herne Bay 64588 1
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PROJECT

DRILL SPEED
CONTOLLER
Keep your electric
drill under control
with this handy
circuit . . . cheap
and simple.

This circuit enables -you to con
trol the speed of any appli-
ance that uses a 'universal'

motor -drills, sanders, polishers, etc.
Only a few components are required

ET1

II

rONTROI
and this circuit is just about the simp est that can be built
from discrete components. Don't let that put you off though!
You get full -wave control from zero to full speed. Who could
ask for more?

Construction
We built our unit on its PCB into a standard plastic

switch -box and fitted the speed control onto a plastic
blanking plate. No heatsink was used on the prototype and
one will probably not be required for intermittent use.

Warning
Remember that when running an appliance at low

speeds, the efficiency of the cooling fan normally built onto
the motor -shaft will be severely reduced. This may result in
your motor burning out, so remember to allow the windings
to cool when running for an extended period or simply run
the appliance at full speed off-load for a short while.

There are no special points to watch with this circuit. A
PCB design is given, though any method of construction may
be employed. Note that 400 V polypropylene capacitors
were used in the prototype as these are better able to
withstand connection to the AC mains. Despite its simplicity,
this circuit will provide a smooth, wide-range control and
amply repays the little effort involved in its construction.

BUYLINES
All the necessary components should be readily available from
your usual suppliers. See mail order suppliers advertising in this
issue. The polypropylene capacitors are available from
Electrovalue Ltd, 28 St f udes Road, Englefield Green, Surrey
TW20 OBH.

NOTE:
D1 IS DIAC (BR100)
01 IS 400V 8A TRIAC

Fig.1. Circuit diagram.

HOW IT WORKS
The essential feature of the circuit is triac Ql. This bi-directional
electronic switch controls power flow through the load. This can
be any 'universal' motor as may be found powering an electric
drill, polisher, etc. The resistor -capacitor combination R3, C3
comprise a snubber network which prevents spurious switching
effects in the triac. The triac is turned on when the current flow
in its gate - MT1 junction exceeds a certain value. Direction of
current flow is unimportant, though there will be a small dif-
ference in the sensitivity of the triac, and the device will switch
on for both cycles of the alternating mains waveform.

The resistor -capacitor network built with R1, 2, RV1, C1, 2
cause an alternating waveform at mains frequency to appear at the
'hot' end of C2. Adjustment of RV1 controls the phase of this signal
with respect to the mains input. When the voltage across C2
exceeds about 30 V, current will flow in the gate circuit of the triac,
turning it on. It remains on until the applied mains voltage falls to
zero. It then remains off until re -triggered. Dissipation in the triac
is low as it is only ever either fully on or fully off and a heatsink is
unlikely to be required.

ETI SEPTEMBER 1980
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RV 1

PROJECT: Drill Speed Controller

(Left) The PCB fits snugly into a standard plastic switch box and the
speed control is mounted on a plastic blanking plate. A switched power
socket completes the picture.

Fig.2 (bottom left). Component overlay

PARTS LIST

Resistors
R1 6k8
R2 10k
R3 100R

Potentiometer
RV1

Capacitors
C1
C2
C3

Semiconductors
Q1
D1

1MO linear

47n 400 V AC polypropylene
10n polyester
100n 400 V AC polypropylene

8 A 400 V triac
Diac (BR100 or equiv.)

Miscellaneous
Case, PCB, Power Outlet, etc.

ETI

A Range of Performance from...
...HAMEG

HM307 SingleTrace DC-10MHz
Plus Built, in Component
Tester

HM312 Dual Trace DC-20MHz.
5mVicm. Ful I X-Y.30MHz
Trigger, Plus TV Trigger

HM412 Dual Trace DC-20MHz.
2mV/cm, X -Y. 40MHz
Trigger. Plus Sweep Delay 350

HM512 Dual Trace DC-50MHz.
5mV/cm. X -Y. 70MHz
Trigger Sweep Delay.
Plus Single Shot. Sweep
Delay and After Delay
Trigger 580

HM812 Dual Trace as per HM512.
Plus Storage. Automatic
Storage and Variable
Persistence

For FULL DETAILS and
DISTRIBUTOR LIST
Contact

Prices UK list ex VAT

Hameg Ltd.,
74-78 Collingdon St.,

Luton,
Beds.

LU1 1RX.

PERFORMANCE AND RELIABILITY
ARE THE SEALS FIRMLY STAMPED
ON THE COMPLETE HAMEG RANGE

AND IT IS A COMPLETE RANGE

Tel: (0582) 413 174
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Buya microcomputer for under £i,000
and you could be on your own!

Unless it's a Commodore PET.

Commodore produce Britain's
number one microcomputer. But we
don't stop there. We also insist on
providing comprehensive support
throughout our national dealer
network.

Our dealers can examine your
needs and demonstrate which
hardware and software will suit you
best. Their trained engineers are
always at hand and a 24 -hour field
maintenance service is available.
Your local dealer can tell you more
about the following Commodore
Services.

CI( The Commodore PET
The Commodore PET computer

range covers everything from the
self-contained unit at under £500 to
complete business systems at under
£2,500:

cFCommodore Business
Software and Petpacks

Our software range covers
hundreds of applications. Business
software includes Sales and
Purchase Ledgers, Accounting,
Stock Control, Payroll, Word
Processing and more. In addition
over 50 Petpacks are available
covering such titles as Strathclyde
Basic Tutorial, Assembler
Development System, Statistics,
plus our Treasure Trove and Arcade
series of games.

Cc
Commodore Approved
Products

Compatible products of other
manufacturers with Commodore's
mark of approval are also available.

Cc Commodore Courses
Commodore offer a range of

residential training courses and one
day seminars. An excellent start.
And when you hav, installed your
system the PET User's Club
Newsletter can keep you informed of
new ideas and latest developments.

ETI SEPTEMBER 1980

LONDON AREA
Adda Computers Ltd.
W5. 01-579 5845

Advanced Management Systems.
EC2. 01-638 9319

Byteshop Computerland,
Wl. 01-636 0647

C.S.S. (Business Equipment) Ltd,
E8 01-254 9293

Capital Computer Systems.
WI. 01-636 3863

Centralex-London Ltd,
SE13. 01-318 4213

Cream Microcomputer Shop.
HARROW. 01-863 0833

Da Vinci Computer Shop.
EDGWARE. 01-952 0526

L .1Computers.
NW9. 01-204 7525

Home and Business Computers.
E12. 01-472 5107

Merchant Systems Limited.
EC4. 01-353 1464

Metyclean Ltd,
01-828 2511

Micro Computation,
514.01-882 5104

Micro Computer Centre.
SW14. 01-878 3206

Sumlock Bondain Ltd.
ECI 01-2500505

Sumlock Bondain Ltd,
ED* 01-626 0487

T.L.C. World 'Rating Ltd.
WC2. 01-8393894

TOPS TV LTD.
SW I 01-7301795

HOME COUNTIES
G. M. Marketing,

ANDOVER. 790922
HSV Microcomputers.

BASINGSTOKE. 62444
MMS Ltd.

BEDFORD. 40601
Elea Systems Ltd,
BRACKNELL. 52929

DDM Direct Data Marketing Ltd.
BRENTWOOD. 229379

Amplicon Micro Systems Ltd.
BRIGHTON, 562163

RUF Computers (UK) Ltd.
BURGESS HILL. 45211

T & V Johnson (Microcomputers
Etc) Ltd, CAMBERLEY 20446

Cambridge Computer Store.
CAMBRIDGE. 65334

Wego Computers Ltd,
CATERHAM, 49235

Dataview Ltd.
COLCHESTER. 78811

South East Computers Ltd,
HASTINGS. 426844

Alpha Business Systems.
HERTFORD. 57423

Brent Computer Systems.
KINGS LANGLEY, 65056

Isher-Woods Business Systems.
LUTON, 416202

South East Computers Ltd.
MAIDSTONE, 681263

Micro Facilities Ltd
MIDDLESEX. 01-979 4546

J. R. Ward Computers Ltd,
MILTON KEYNES 562850

Sumlock Bondain (East Anglia) Ltd. I
NORWICH. 26259

T & V Johnson (Microcomputers
Etc) Ltd. OXFORD, 721461

H.S.V. Microcomputers.
SOUTHAMPTON. 22131

Super -Vision.
SOUTHAMPTON. 774023

Xitan Systems Ltd,
SOUTHAMPTON. 38740

Stuart R Dean Ltd,
SOUTHEND-ON-SEA. 62707

The Computer Room,
TUNBRIDGE WELLS. 41645

Orchard Electronics.
WALLINGFORD 35529

L

Petalect Ltd,
WOKING. 63901

Oxford Computer Systems.
WOODSTOCK. 811976

MIDLANDS AND
SOUTH HUMBERSIDE
Byteshop Computerland,

BIRMINGHAM, 622 7149
CPS (Data Systems) Ltd,

BIRMINGHAM, 707 3866
Camden Electronics,

BIRMINGHAM, 773 8240
Computer Services Midlands Ltd,
BIRMINGHAM. 382 4171

Catlands (Computers) Ltd.
BURTON -ON -TRENT. 812380

Ibek Systems,
COVENTRY 86449

Jondane Associates Ltd,
COVENTRY, 664400

Davidson -Richards Ltd,
DERBY, 366803

Caddis Computer Systems Ltd.
HINCKLEY, 613544

H.B. Computers,
KETTERING, 83922

Taylor -Wilson Systems Ltd.
KNOWLE. 6192

Machsize Ltd.
LEAMINGTON SPA, 312542

Office Computer Techniques Ltd,
LEICESTER, 28631

Lowe Electronics,
MATLOCK. 2817

Betos (Systems) Ltd.
NOTTINGHAM, 48108

Byteshop Computerland,
NOTTINGHAM. 40576

Keen Computers Ltd.
NOTTINGHAM, 583254

Tekdata Computing,
STOKE-ON-TRENT. 813631

Systems Micros,
TELFORD. 460214

McDowell Knaggs & Associates,
WORCESTER. 427077

YORKSHIRE AND
NORTH HUMBERSIDE
Ackroyd Typewriter & Adding

Machine Co. Ltd, BRADFORD. 31835
Allen Computers,

GRIMSBY, 40568
Microware Computers Ltd.

HULL. 562107
Microprocessor Services.

HULL, 23146
Holdene Ltd.

LEEDS, 459459

South Midlands Communications Ltd,
LEEDS. 782326

Yorkshire Electronics Services Ltd,
MORLEY, 522181

Computer Centre (Sheffield) Ltd,
SHEFFIELD, 53519

Electronic Services,
SHEFFIELD, 668767

Hallam Computer Systems Ltd,
SHEFFIELD, 663125

NORTH EAST
Dyson Instruments,

DURHAM, 66937
Currie & Maughan.
GATESHEAD, 774540

Wards (Office Supplies) Group,
GATESHEAD. 605915

Elfton Ltd,
HARTLEPOOL. 61770

Fiddes Marketing Limited.
NEWCASTLE. 81517

Newcastle Computer Services.
NEWCASTLE, 615325

Format Micro Centre.
NEWCASTLE, 21093

Tripont Associated Systems
Consultants Ltd,
SUNDERLAND. 73310

SOUTH WALES AND
WEST COUNTRY
Radan Computational Ltd.
BATH. 318483

Computer Corner.
BAYSTON HILL, 4250

Bristol Computer Centre.
BRISTOL. 23430

C.S.S. (Bristol) Ltd.
BRISTOL, 779452

T & V Johnson !Microcomputers
Etc) Ltd. BRISTOL. 422061

Sumlock Tabdown Ltd.
BRISTOL, 26685

Sigma Systems.
CARDIFF, 34869

Office and Business Equipment
(Chester) Ltd, DEESIDE. 817277

A.C. Systems,
EXETER, 71718

Micro Media Systems.
NEWPORT 59276

J.M. Computer Services Ltd.
NEWQUAY. 2863

Devon Computers,
PAIGNTON, 526303

J.A.D. Integrated Services,
PLYMOUTH 62616

BUsiness Electronics.
SOUTHAMPTON. 738248

Computer Supiplies4 (Swansea).
SWANSEA. 29007

NORTH WEST AND
NORTH WALES
Tharstern Ltd,

BURNLEY, 38481
B + B !Computers) Ltd,

BOLTON, 26644
Preston Computer Centre,

PRESTON. 57684
Catlands (Computers) Ltd,

WILMSLOW, 527166

LIVERPOOL
Aughton Microsystems Ltd,

LIVERPOOL. 548 7788
B.E.C. Computers.

LIVERPOOL, 263 5738
Rockcliff Brothers Ltd,

LIVERPOOL, 521 5830

MANCHESTER AREA
Byteshop Computerland,

MANCHESTER. 236 4737
Computastore Ltd,

MANCHESTER, 832 4761
Cytek (U.K.) Ltd,

MANCHESTER. 872 4682
Executive Reprographic Ltd.

MANCHESTER, 228 1637
N.S.C. Computer Shops Ltd,

MANCHESTER. 832 2269
Sumlock Electronic Services

(Manchester) Ltd.
MANCHESTER, 834 4233

Professional Computer Services Ltd,
OLDHAM, 624 4065

D. Kipping Ltd.
SALFORD, 834 6367

Automated Business Equipment Ltd.
STOCKPORT 061-432 0708

SCOTLAND
Holdene Microsystems Ltd,

EDINBURGH, 668 2727
Microcentre,

EDINBURGH. 556 7354
Aethotrol Consultancy Services,

GLASGOW. 641 7758
Byteshop Computerland,

GLASGOW, 221 7409
Robox Ltd.

GLASGOW. 221 5401
Mac Micro,

INVERNESS, 712203
Thistle Computers.
KIRKWALL, 3140

IRELAND
Softech Ltd.

DUBLIN, 784739
Medical & Scientific Compute,

Services Ltd. LISBURN. 77533

To: Commodore Information Centre,
360 Euston Road, London WI 3BL. 01-388 5702

Please send me further information about the Commodore PET.
Name
Position
Address

Ell DI
Intended application _

Do you own a PET? YES NO 

commodore
This list covers dealers participating in our advertising. 71



6 piano type keys

B.K. ELECTRONICS
A SOUND CHOICE

* PROMPT DELIVERY * PRICES INCLUDE V.A.T. * AMPLE STOCKS
A PERSONAL SERVICE FROM A SMALL EXPANDING COMPANY

STEREO CASSETTE TAPE DECK
ASSEMBLY. Comprising of a top panel
assembly and tape mechanism coupled to
a record /play back printed board assem-
bly. For horizontal installation into cabinet
or console of own choice. Brand new,
ready built and tested. Features: Pause
control, auto stop, 3 digit tape counter,
illuminated twin VU meters with in-
dividual level controls, twin mic, input
sockets, AC erase system, LED record
indicator. (Separate power amplifier re-
quired.) Input Sensitivity: 6 MV (with
level control set at max) Input Imped-
ance: 47 kOhms. Output Level: To both
left and right hand channels 150 MV.
Output Impedance: < 10k. Signal to
noise ratio: 45 dB nominal. Power
Supply Requirements: 12V AC at
300M /A. Connections: All connections
to the unit are via a wander lead termin-
ated with a nine pin plug (socket pro-
vided). Dimensions: Top panel - 111/2in
x 61/2in. Mechanism fits through a cut out

x 101/2in. Clearance required under
top panel 21/4in. Supplied complete with
circuit diagram etc. Price £30.50 plus
£2.50 postage and packing. Suitable
mains 1 2 -volt transformer, £3.00.

SCOTT AM /FM STEREO TUNER MODEL 516. This Scott tuner is one
of the top American makes and is offered at a very realistic price. Features: *
FM tuning range 87.5 to 108 MZ * AM tuning range 535 to 1605 kHz *
Usable FM sensitivity 6.2dBF 2.2 pV * 300 ohm & 75 ohm Aerial inputs for
FM * Signal strength tuning meter * Stereo beacon indicator * Ferrite aerial
for AM * Mute switch. 10 diodes, 9 transistors and 3 ICs. Size: Height 5in,
Width 141/2in, Depth 12in. Silver front panel. Black body. Modern stacking
format. Suitable for 240 -volt 50Hz AC operation. Price £40.50 plus £2.50
postage and packing.

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 'A' Type 'C' Type '0'

Type 'A' 3in round with removable
wire mesh. Ideal for bookshelf hi-fi
speakers. Price (Type 'A') £3.75 each;
Type '13' 31/2in super horn. For general
purpose speakers disco and PA sys-
tems, etc. Price £4.60 each.
Type 'C' 2in x 5in wide dispersion
horn. For hi-fi systems and quality disco
etc. Price £6.20 each.
Type '0' 2in x 6in wide dispersion
horn. Frequency response extending
down to mid -range (2000 c/s) suitable
for hi-fi systems and quality disco. Price
£9 each.
Post and Packing, all types, 15p each
(or SAE for Piezo leaflets).

GEC AM/FM STEREO TUNER
AMPLIFIER CHASSIS. Originally
designed for installation into a music
centre. Supplied as two separate built
and tested units which are easily wired
together. Note: Circuit diagram and
interconnecting wiring diagrams sup-
plied. Rotary Controls: Tuning, on /off
volume, balance, treble, bass. Push-
button controls: Mono, Tape, Disc.,
AFC, FM (VHF), LW, MW, SW. Power
Output: 7 watts RMS per channel, at
better than 2% THD into 8 ohms. 10
watts speech and music. Frequency
Response: 60Hz-20kHz within ± 3dB.

DE -SOLDERING PUMP

Tape Sensitivity: Output - typically
150 mV Input - 300 mV for rated
output. Disc Sensitivity: 100mV (cer-
amic cartridge). Radio: FM (VHF),
87.5MHz - 108MHz. Long wave
145kHz - 108kHz. Medium wave.
520kHz - 1620kHz. Short wave.
5.8MHz - 16MHz. Size: Tuner -
23/4in x 15in x 71/2 in approx. Power
amplifier - 2in x 71/2in x 41/2in approx.
240V AC operation. Supplied complete
with fuses, knobs and pushbuttons, and
LED stereo beacon indicator. Price
£21.50 plus £2.50 postage and pack-
ing.

JVC TURNTABLE. JVC Turntable
supplied complete with an Audio Tech-
nica AT10 stereo magnetic cartridge.
*'S' shaped tone arm.
* Belt driven.
* Full size 12in platter.
* Precision calibrated counterbalance
weight (0-3 grms.)
* Anti -skate (bias) device. Nylon thread
weight.
* Damped cueing lever.
* 240V AC operation, (50Hz).
* Cut-out template supplied.
Size - 123/4in x 1 5%in (approx).
Price £29 plus £2.50 postage and
packing.

This de -soldering pump made to a
very exacting specification is ideal
for the removal of small com-
ponents from printed circuit boards,
etc. Comet complete with spare
PT FE tip. £5.30 post free.

B.S.R. P163 BELT -DRIVEN TURN-
TABLE. This famous B.S.R.turntable is
ideal for both disco and hi-fi use where a
more rugged unit is required.
* 'S' shaped tone arm
* Belt driven
* Slide -in cartridge carrier
* Calibrated styli pressure gauge
* Calibrated anti -skate device
* Damped cueing lever
* 240v. 50Hz AC operation
Size approx. 111/4" x 131/4" £22.00 +
£2.50 P/ P. Suitable magnetic cartridge
type TTC/J2203.
Price £4 post free. (Also available
separately)

LOUDSPEAKER
High quality full range 8" loudspeaker.
10 watts RMS. 8OHM. Rolled surround
with aluminium centre dome.
Price £3.75 each 75p Postage and
Packing each.

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.

Access and Barclaycard accepted
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PROJECT

TV SOUND
TUNER
Enjoy high quality TV sound with this unit, using pre -aligned commercial
modules for simple construction.

tv sound

kirk
CHANNEL SEC

The BBC frequently 'simulcasts' the sound channel of
some of its television music presentations. As well as pro-
viding stereo, this gives a dramatic improvement in

sound quality. In fact TV sound is transmitted with frequency
modulation and can provide good quality (though in mono).
The weak link in the system is the TV audio stage and small
loudspeaker.

This unit enables you to feed a high quality TV audio
signal into your hi-fi; so you will not have to chip your speakers
from their concrete columns or mount the TV in the fireplace
(even though the chimney does provide an excellent ven-
tilating system!) Use of ready built and aligned modules
makes the project very easy to build and it is not expensive!

Tuner Control
An ELC1043 varicap tuner and IF board are bought

separately (see 'buylines') and assembled. A handful of other
components mount on our PCB and provide power supplies
and an optional monitor amp. The varicap tuner is controlled
by a single tuning voltage of 0-30 V. We used a surplus push-
button station selector unit but any source of a stable voltage
may be pressed into service. If you are really up to date, you
can even tune the system with your home computer.

Construction
The tuner mounts directly on the IF board. All the holes

are there, as well as quite a few spares, though you will need to
enlarge the holes for the screening can lugs. Two resistors set
the AGC voltage and a capacitor filters the tuning voltage. Be

ONVOL

careful when dealing with the IF board not to disturb any of
the adjustments. Remember the units are pre -aligned.

To The Manor Borne
We had our board running within an hour but then it failed

mysteriously. Manor quickly sorted us out and sent us away
with strict warnings about playing football with the board!
Remember that the TV signal comes in on a wing and a prayer
at a few hundred MHz and even the IF operates at 38 MHz so
show it some respect.

Construction of the PSU and amplifier PCB is straightfor-
ward. Take special care to connect the screening braids as
shown to avoid hum pick-up. When the unit is assembled into
its case, with an aerial connected, a station should be tuned in.
A slight buzz may be present. This can be nulled out by ad-
justing the tuning control whilst making slight adjustments to
the quad coil. This is preadjusted and should not need to be
moved more than a turn to compensate for the effects of add-
ed stray capacitance from the case, etc.

Home Programming
Two versions of the tuner front-end are available. They

are interchangeable. Our prototype used the cheaper GI
device and we were unable to make any comparison with the
more expensive Mul lard unit. You pays your money and you
takes your choice. Whichever you choose, this project will
reward you with quality TV sound. We cannot help with the
programmes
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Fig.1. Circuit diagram.

HOW IT WORKS
The TV signal is converted from its UHF carrier frequency down to a
more manageable 38 MHz intermediate frequency (IF) by the varicap
tuner module ELC1043. 'Varicap' refers to the variable capacitance
diodes which replace mechanical tuning capacitors in the front end. The
capacitance of the diodes varies according to the reverse bias voltage ap-
plied to them. All diodes exhibit this effect but varicap diodes are op-
timised for operation as capacitors. A relatively high voltage is required
and an extra 30 V supply is generated (channels 21 to 34 can be tuned
with 0 to 12 V supply).

The output from the tuner module is coupled to the IF stage via a
1n0 capacitor. Our unit came with the capacitor mounted in place - a
small disc ceramic is fine. The two cans on the IF sub -assembly are Philips
G8 colour receiver modules. Their output is coupled to the TAA570
detector via a 6 MHz ceramic filter which removes the video signal but
passes the 6 MHz FM sound carrier. Keep your wiring away from this
area of the board. If you touch a finger to the ceramic filter you will hear
a variety of AM broadcast stations come booming through! The audio
output is coupled via a 1uF electrolytic capacitor.

Note that a video signal is available from the IF board. Although it
has a reasonable level - around 'IVO peak -to -peak - you will need to
buffer the signal before attempting to use it. Refer to the G8 service
manual for suitable circuitry.

Both the tuner and IF board are supplied pre -aligned. A 100n
capacitor is added to the board to filter any track noise from the tuning
control and two resistors are used to preset the AGC for optimum gain. A
TAA570 detects the sound signal and produces an AF output of a volt or
so. This signal will drive your hi-fi directly or via a resistive divider if the
amplitude is too high. We incorporated a simple monitor amplifier in
our design.

The power supply is quite conventional. A 30 V AC winding is half
wave rectified producing a DC voltage of about 43 V. This is pre -
regulated by the circuitry around Q1 to reduce the supply below the 40
V absolute maximum required by 1C2. This is a 723 regulator chip con-
nected to provide a stable nominal 30 V supply for the station control
unit which feeds the tuning voltage to the TV front end.

Output current is limited to about 20 mA though in normal opera-
tion only about 1 mA or 2 mA will be drawn. A 12 V AC winding is rec-
tified and regulated with a 7812 IC regulator. This supplies the IF board
(about 100 mA) and an on -board monitor amplifier - the LM380. If
you do not require an amplifier then omit RV1, IC3, C7,8 and the
loudspeaker. Note that IC1 runs rather warm and should have a small
heatsink fitted. Although we used a surplus TV station selector unit, any
multiturn pot(s) may be pressed into service. 100k units work well.

OV
0

The ready -built IF sub -assembly fits along the front of the case, with our monitor
amp behind.
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PROJECT: TV Sound Tuner

AERIAL

1

IF BOARD

AF OUT
(METAL CASE ACTS

AS EARTH RETURN)

V AR ICAP
TUNING VOLTAGE

VOL CONTROL- -

Fig.2. Connections between our amplifier and the ready-made IF board.

PARTS LIST
Resistors All 1/4W 5%
R1 1k0
R2 8k2
R3 39R
R4 33k
R5 10k
one 6k8 and one 2k2 resistor are required to set the AGC level.

Potentiometer
RV1 100k log.

Capacitors
C1 220u 63V electrolytic
C2 1000u 25V electrolytic
C3 220n polyester
C4 470n polyester
C5,8 470u 25V electrolytic
C6 100p ceramic
C7 4u7 tantalum
one 100n capacitor is required to filter the tuning voltage.

Semiconductors
IC1 7812
IC2 723
IC3 LM380
Q1 BC108
D1- 5 1N4002
ZD1 36V zener 1.3W (BZX61)

Miscellaneous
12V transformer, 30V transformer, heatsink, loudspeaker, varicap tuner,
IF board, case.

BUYLINES
The ELC1043 varicap UHF tuner and IF sub -assembly are available from:
Manor Supplies,
172 West End Lane,
London NW6.
Tel: 01-794 8751.
They can also supply a suitable push-button station control unit.

ETI SEPTEMBER 1980
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Fig.3. Component overlay.
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The UHF tuner mounted on the IF sub -assembly.
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Happy
Memories

4116 200ns £3.95 4116 1 5Ons £5.50
2114 200ns £3.95 2114 450ns £3.45
2708 450ns £4.95 2716 5 volt £10.95

MEMOREX mini discs soft sectored
£19.95 per ten with free library case

WE'VE
MOVED

All prices include VAT, 30p postage on orders
below El 0

Access and Barclaycard
All orders to:
Dept. ETI

HAPPY MEMORIES
Gladestry, Kington

Herefordshire HR5 3NY
Telephone (054422) 618

NASCOM OWNERS
MICROPROCESSOR CASE

VAT

AT LAST .. . A Case you don't have to lever your Micro into. Made
from 16 Guage Aluminium, strong enough to support a Monitor
and Cassette. Enough space for Keyboard, P.S.U. Mainboard AND
two Expansion Boards (Can also be used for other type Micros.,
etc.).

Send cheques or POs for £25.30 to:
CYBER ELECTRONICS CO. LTD.

Pavement Square, Addiscombe, Croydon ':RO 6RD
(Trade enquiries welcome)

ASCII CODED KEYBOARD £47.15
Designed for ease and accuracy of use, with 60 keys arranged
in stepped rows, auto repeat and 2 -key rollover. UC and LC
ASCII coding. S.a.e. for data.

THE ZX80 MAGIC BOOK £4.75
15 plus programs including Hammurabi, Animals and Othello.
Programming tips. Hardware notes. Memory extension circuit.

ZX80 I /0 and Memory Boards. S.a.e. for details

All prices inclusive of VAT, p&p

TIMEDATA Ltd.
57 Swallowdale, Basildon, Essex

-oelo'Neob %.*.96 LB ELECTRONICS
NotpS .0 09

%. V" t,"10 c\147Iiie

GIVEAWAY
22 pin low profile dil socket,
gold plated

12p EACH
p&p 25p

%)5

UXBRIDGE 55399
transformer removed) sold as is
from E2 to E10 depending on
condition. Fitted with very nice
standard cassette deck. With
circuit diagrams. SORRY BUT FOR

PCB OFFERS
IAI 100 bit shift register PCB,
I 15mm x 94mm containing
9 x7491, 6x 7496 and 1 x7441
Terrific bargain 85p, p&p 30p.
Terri PCB 215mm x 290mm
12x TMS 3122J (or sim.) Hex
32 -bit Shift Reg. + 39 ICs £2. +
50p p&p (limited stocks)

MPU CORNER
2122 (200ns), £3. 2114 (45Ons)
E4.50
1702 £2.50. 2708 (40Ons)
£4.50.
74125 for £1 + p&p 25p
MK 1002P (dual 128 bit Shift Reg)

SUPERSAVER
Ribbon Cable Headers 16 DIL
Jermvn, gold plated, with cover

..45p, pap zap.
SUPERSAVER 2

Tantalum Capacitors 25 volt. 4.7
uF. 14 for £1.00, p&p 25p.

SUPERSAVER 3
PRICE SMASH FND 500 .5in.
LED displays, full spec £50p each,
p&p 25p, large quantities POA

SUPERSAVER 4
HYBRID SYSTEMS DAC 371-8 8
Bit. Dil packaged, ideal MPU users
with data t2.95, p&p 25p

SUPERSAVER 5
Battery eliminator 6VDC

SUPERSAVER 13
PL259 (UHF) Elbow Connectors.
50p each, p&p 25p.

. SUPERSAVER 14
MPU pcb containing 808A, 2708,
2114 x 24 (all socketed) plus
74TTL / LS etc., sorry no circuit
diagrams E28.50 each pip
E1.00.

SUPERSAVER 15
5K multiturn trimpots. PCB moun-
tin g. per box of 14 E2.50, p&p
25p

. SUPERSAVER 16
Yet another star bargain. Astec
UM I 11E36 modulator 65p each,
pip 25p.

WE STOCK- PETS
BK version £599. SAE for the PET
SORCERER solftvvare lists at dis-
count prices.
We can also offer a 48 -hour repair
service for out of warranty PETS.
Telephone for details. PET edge
connector 40 X 04 E1.40 each
p&p 25p

IC HOLDERS (Low -profile)
8 Dil 12p 14 Dil 15p

16 Oil 17p 18 Dil 20p
22 Oil 28p 24 Dil 35p
28 Dil 45p All p&p 35p

WE STOCK a vast range of TTL,
CMOS some 74LS. MINIATURE
TOGGLES. etc.

CALLERS ONLY.
Terms cash with order (official
orders welcomed from colleges,
etc). All enquiries s.a.e. please. All
prices inclusive of VAT, unless
otherwise stated. Postage as
shown per item.
FOR THE PROFESSIONAL
USER. CP Clare Keyboard
switches with buttons (blank) 65p
each p&p 25p.
Gould PMA 47 / 10 01 5V 3A
Brand new 45p p&p E3.50. Many
more in stock but in small
numbers. Please phone for
requirements.
PLEASE DO NOT ORDER GOODS
FROM OLD ADVERTS. PHONE
BEFORE ORDERING

35p.
LM 711CH (Voltage Comparator)
30p.
MM5240 Character Generator +
Data 2560 Bit (64 x 8 x 5)
E3.50, p&p 25p.

(All Full Spec)
2526 Character Generator (64 X 9
)1 9) £2.95 + data & p&p 25p
International rectifier SOLID
STATE RELAY type A2402 Out-
put 240 VAC 2.5 amps input 90-
240 VAC / 45-200 VDC E6.00
pip 25p.

TYPE CONNECTORS
15 Way wirewrap plugs only 75p.
25 Way ribbon plugs £1.20.
25 Way sockets (solder) £1.00.
50 Way slit (vvirewrap) £1.65.
50 Way ski E1.45, p&p 25p

COVERS
37 Way 80p. (plastic) p /p 25p.

DISPLAYS
HP 5082 4 digit DIL display full
spec £1.50 each p&p 25p Large
quantities POA
MAN 72 7 sag CC 0.25 p&p 25p.
Burroughs Panaplex 9 Dig + skt
and bezel E1.00, p&p 25p.
LED 3 Digit DIL 55p, p&p 25p
Bowmar 9 digit 1in LED with red
bezel (As used in calculators)
£1.00 + 25p p&p.

200MA 240VAC input ideal for
calculators, radios, etc., give
away price 95p each. Large
quantities P.O.A.

SUPERSAVER 6
RS 338.383 Miniature Decade
Thumbwheelsvvitch £1.65, p&p
25p SUPERSAVER 7
SN74116 Dual 4 Bit letch 75p,
p&p 25p.
SN7418 Arithmetic Logic Unit,
Sop, p&p 25p
SN74194 4 Bit Register. 50p p&p
25p
SN74198 8 Bit Shift Register. 75p
p&p 25p

SUPERSAVER 8
ITT 4cx 250b brand new full
spec £7.50 each p p 25p.

SUPERSAVER 9
4 digit 7 segment DIL lead displays
4 for 1E1.50 pip 25p.

SUPERSAVER 10
9 way male /female connector.
ELCO 8129, 0.1 inch pitch, gold-
plated PCB mounting, ideal, for
bussing two PCBs together.
Superb value. 35p, p&p 25p.

SUPERSAVER 11
STAR OFFER. Dynamic hand
microphone 200 ohm with lead
and 5 pin plug £1.25 (unrepeat-
able) p&p 30p

SUPERSAVER 12
TMS 3128NC Static shift register,
E1.50, p&p 25p.

LEDs (Full spec).
T1L209. red 10p. 0 2in, red 12p.
0.2in green 28p. 0.2in. yellow
26p.
RL54 red Axial lead. 15p.
P&p on all above 25p
VERNITRON Ceramic filters type
FM4 10 7MHz 45p, p&p 25p.
TRANSISTORS, BD236 aop. 
BC183L 10p, BF195 10p, SGS
2N3055 30p, p&p on all 25p.
TBA 810S, with data. 85p, 4 -wayDil switches. 75p. MC1303 DualLB
Stereo preamp with data, E1.25.
7.n. Nylon cable ties 100 for
£1.50. All p&p 25p.
NEW SN76477 (Yes: back in
stock). Sound Generator IC (Train,
plane, explosion, laser gun etc.).
with data 0.25, p&p 25p.
PCB KEYBOARD, 65mm x 
82mm, 18 key Clickers less Key
tops, ideal Hexadecimal use 35p,
p&p 25p.
CAPACITOR SCOOP. 1.600uF
at 10v. 160uF at 25v. Axial lead. 2
dozen for £1 + 25p p&p.
PAPST min -fans 80mm x 80mm
(approx) 220V 50Hz Brand new
Ell, p&p E1 (limited stocks)
Pewec Boxer. As above but 11 5v
at E4.50 + p&p
IEC mains chassis plug 75p suit-
able socket 35p. p&p 25p.

PSUs. We have a large stock of
power supplies at very realistic
prices (callers)

RELAYS

SURPLUS STOCKS
PURCHASED

FOR CASH

ITT 700 ohm Single pole
changeover 45p. BANOR rases-
table double pole changeover 12V
El. Both p&p 25p. .

CIRCUIT BREAKERS
4450v AC 65v DC 0.5A 50p; ditto
7A 80p, p&p 25p.
ALLEN KEYS, 7/16in 5p; 12 for
50p; p&p 25p.
ASR33 (with tape punch reader),
generally overhauled. £185.00
inc of VAT.
Centronics secondhand printers.
various types (o/h). phone for your
requirements.

MEMOREX 651 dual disk drives
complete with power supplies and

ELECTRONICS
11 HERCIES ROAD

HILLINGDON, MIDDLESEX
UB10 9LS, ENGLAND

All enquiries Sa.O. please

New retail premises, now open
Mon, Thurs Fri. and Sat. 9.30-
6.00. Lunch 1-2.15 weekdays.
Closed all day Wednesday. We are
situated lust off the A40 Opposite
Master Brewer

UXBRIDGE
li . nil 1.,,..Hu. 55399

format electronics (sorry. no data -
E350 inc. VAT.

-\ All components full
as yet), each of
Recordacall telephone answering

IINIMMI

machines (GPO) line matching LF:=111
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GENTS QUARTZ
LCD, 5 -function.
Hours, minutes, secs,
month, date, back-
light.
ONLY £4.95

We don't believe you
can find better value
combined with quality,
than these - our special
introductory prices.
Compare the savings we

offer and order now.

14 CREDIT CARD
CALCULATOR. Very

slim with standard 4
functions plus
memory, percentage
and square root.
Complete with a mock
leather wallet with
credit card pocket.
ONLY £6.95

13

12

BELTIME 29F. Alarm/
Chrono. Advanced
and accurate, this
watch has 8 time
functions, 4 alarm
functions and 17
chronograph func-
tions. Complete with
backlight and stainless
steel bracelet.

ONLY £19.95

GENTS ANALOGUE
QUARTZ. Conven-
tional display ac-
curacy normally
associated with digital
watches. Automatic
calendar, elegant and
robust.

ONLY £19.95

LADIES QUARTZ
LCD SAME AS 10.
Alternative Round -
shape. Available in
gold or silver colour.

ONLY £8.95

MI =I
2

GENTS QUARTZ LCD.
SAME AS 1 - Alternative
style.

ONLY £4.95

0

3

QUARTZ LCD Slim
Chronograph. 11 -
function. Hours, mins,
secs, 6 digit -month, date,
day of week, 1/100 sec
stopwatch, split and lap
modes, backlight.
ONLY £7.95

O

Send stamped addressed
envelope for Colour
Brochure of 120 other

bargains.

O

anziammuss MAU I

I
78 CASTLE STREET,

MELBOURNE, DERBY,
DE7 1-DY

4
QUARTZ LCD ALARM.
6 digit, hours, mins, secs,
day, date. 24 -hour alarm
with on/off indicator.
ONLY £8.95

All watches have fully ad-
justable, matching
stainless steel straps, and
demonstration battery
fitted (this battery is not
guaranteed). Please add
60p for each spare battery

required.
Air pnelncts c.tny i Fn.,
0Yy Money 8,suk Real see
r. race pin, 12 Month

rr,rntee Paces nn /Inn-
. AI

7

QUARTZ LCD
Alarm/Chronograph.
22 functions. Hours,
mins, secs, day,.
date, month, 1/10
sec stopwatch, split
and lap modes, 12
and 24 hour modes,
24 hour alarm.

ONLY £12.95

6
QUARTZ LCD

Musical Multi -
Alarm/ Chronograph.
6 -digit. Hours, mins,
secs, day, date,
1/1 0 0 second
stopwatch, split and
lap modes, 24 hour
alarm, dual time
zone.

ONLY £13.45

SINCLAIR
PROGRAMMABLE

SCIENTIFIC
CALCULATOR

Genuine programmable model
using micro processor
technology, this amazing device
is more like a computer than a
calculator. Complete with
programme library book con-
taining approx. 370
programmes for ELECTRONICS,
MATHS, PHYSICS.
ENGINEERING ETC. Limited
quantity available.

ONLY £7.95
75p carriage

i3]
LADIES QUARTZ
LCD. 5 -function as
Gents No. 1.
Available with black
or white face.

ONLY £5.95

LADIES QUARTZ
LCD. SAME
FUNCTIONS AS 8. -
Alternative style.
Available with black or
white face.

ONLY £5.95

LADIES QUARTZ
LCD. 5 functions.
Dress Style. Functions
same as 1. Available
in gold or silver colour
ONLY £8.95

Please send me items (list numbers) I
I enclose cheques/P Os for E

NAME.

ADDRESS

Please add 35p P/P per item ETI 4
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OLIVETTI PRINTER & KEYBOARD type Te 300
with PUNCH & READER. Upper case ASCII with V24 Interface. 240

volt operation.
£125 each

709 DIL 14 PIN
OPERATIONAL AMPLIFIERS

at 8p each
100 off 25% discount

CONVERT THIS UNIT TO A

SUPER BATTERY
CHARGER

Attractive green ministry quality case with
removable top & bottom plates - heavy
duty power switches -high powered resist -
ors to control current - good quality centre
mounted Amp Meter - strip of wing nut
terminals on front panel which can be used
for connecting leads.

ALL THIS FOR £3.50. P&P 12

FOUR UNITS FOR £12. Carriage £5

MINIATURE KEYBOARD
Push contacts. marked 0-9 and A -F and 3
optional function keys. £1.75 ea. P&P 65p

INFRA RED IMAGE
CONVERTER type 9606 (CV 144)

13/4" diameter. Requires single low current 3KV to 6KV supply.
Individually boxed. With data

£12.50 each P&P 75p Infra Red Lamps also advertised

BLUE THERMAL PAPER
430ft. roll, 81/2"wide
£2 par roll. P&P El 75

STEPPING
MOTORS

200 steps - 20 oz./in. torque.
12 /24 volt input, 4 wire.

£12 each P&P E1 50

STEPPING
MOTORS

200 steps. 20 oz./in. torque.
120 volt operation, 3 wire.

£4 each P&P £1.50

STEPPING MOTORS
North American Philips. 5 volt
3.3 amp operation. 2 wire. PPS
0-200 revs er min. 0-250 used.p

. Tested.

£16 each P&P £1 50

STEPPING MOTORS
6 / 12 position with additional where the
rotor is coils. Device can be used as a tacho
Diagram supplied. Will 'actually work on 5
volts

.5. 0
12/ 24 recommended.

£1 each P&P 75p or 5 for E5 p&p
11 50

770R used £100
RXs 730/10 used £85

Limited quantity only

MUST CLEAR
POLARAD SPECTRUM

ANALYSER
5"
plug -on

Displ1
to 45 GHZay

These are supplied with STU 2

£85 each

LARGE QUANTITY OF PHOTOMULTI-
PLIERS

all with information British approx. 2"
window £2 se. British approx. 5" window
£3.50 on. American approx. 2" window E4
ea. Special American version by RCA £6 ca.

P&P all photomultipliers £1.50 ea.

BCI72 5p MC4001 15p 11592 lOP BC337 6p
SZY884V7 109 MC4012 15p 51593 10p BC327 SpTRANSISTOR
8ZY8813V 10P MC4020 750 293704 Sp BC251 Sp
293006 Sp 74C20 25p 295447 5p BC171A SP1N4305 Sp 74C08 259 295449 Sp 8E760 5p
BZX79C12 10p 74070 20p 293053 15p 4013 30p
BC2128 Sp MC4049 35p
SN76550 Sp
IC 7451 10p

REGULATORS .- HI at 41p weds. MC7805. 7812. 7815. 7912: 7915.
MC14961. 70p
16 pm DIL Socket 10p. 14 pin DIL Socket Bp
LED type TIL 209 Red with holder 10p each
SLOTTED OPTO SWITCH supphed with data - normally over E2 OUR PRICE 75p tech
ROCKER SWITCHES 2 pole c to - Illp each
Spring Action TERMINALS - normally over 30p ea. OUR PRICE 16p each
TOROIDAL TRANSFORMER 0.115V -230V Input 13.5V -0 - 13.5V rated 8VA output E1.70 each. P&P 75p
Sub -min TRANSFORMER 0-120-240V Input 12V -0-12V rated 4VA Output 75p each P&P 50p
LEAL.
Standard White 12p. Standard Yellow 15p: Small White Bp.

INVERTER
1 15v AC, 1 7Amp Input. Switching is at
20KHZ. Output windings from Pot Core.
Can be rewound to suit own purpose or unit
can be broken for host of components.
Circuit supplied.

£1.25 each P&P E2

KEYBOARD PAD
Size 3 x 21/2 x 2" high with 12 Alma Reed
Switches. Blue keys marked in green 0-9
and a star with one blank.

£4 each P&P El

0,5 for £15 P&P E2

RXS 770R Mk. II
940

24V I NVE RTO R VERSION
SPECIAL GOVT QUALITY

VER FEW
OF THESE

£175
EACHVGC

We still have a large quantity of
TEST GEAR, OSCILLOSCOPES,

SIGNAL GENERATORS ETC,
and they are priced to move.

C dices welcome or write or Better Still PHONE for richol s

REMEMBER WE WILL
CONSIDER OFFERS

MAGNETOS
NEW BOXEDOriginally for 14 cyl-gipsyFSD.
Very adaptable
£4.75 each

TANTALUM BEAD
CAPACITORS. 4 7uf
25V. 10 off El; 100 off
£7.50.
TEXAS Low Profile 40 pie
IC Sockets 45p each.
SMALL TRANS.
FORMER. 240V Input
Output 2 windings 12V &
24V 1 amp. £2 each.

SO SIMPLE -SO SAFE
Fit a push button CIRCUIT
BREAKER. Small. compact-
3 ratings 0 8 1 8 &
10AMP State which one
whoa, ordering 75peach.

AMP METER 21/2" die.
Scaled 0-60. Basic 75MV

Complete with exter-
nal 60Amp Shunt. C2.50
oach. P&P 11.50.

DIODES
All new full spec. devices. IN3063; BAX 13;
IN4148; IS44. 100 off £1.50 - 1,000 off
£10.

VARIACS EX Equipment Good condition 8 Amps
20 AMPS
Some 3 phase available Please enquire

E25 ea.
E35 ea.

CRYSTALS
19 2KHZ FLAT METAL CASE - 50p each.

10 MHZ 137G 50p each.

LOUD HAILERS
t.n,ISI011Stql hand 11() 11,1IS standard internal

lotteries supplied Howl swirl,
EZO each. P&P I1

TRANSFORMERS - Standard Mains input
Secondary outputs
6KV 0 I25A E15 ea.
3440V 0 66A with matching 40H Choke E30 the parr
3KV SOMA Ell ea. 4 Volts 750 Amps E10 ea.
1 Elcy 30MA E110.
72 5KV 110MA MI 5KV 300MA E15.
60KV 0 0273 E150. 1 /KV 30MA C20,
MULTI PURPOSE MAINS TRANSFORMER 4 windings each
winding 0 10 110 175 at 48A E15 ea.
425V 50HZ 2 Wire input Output 8 5KV 2 55KVA Could be
ice., 740V at rating E15 etc
STEP DOWN ISOLATING TRANSFORMER Input 220 2500
50HZ Output 115V 1 BKVA BRAND NEW These are very
f onset natively rated E20 ea.
CAPACITORS
lurid 5KV C4 es. 0 5 mfd IOKV E4 ea.
0 5 mid 5KV E4 ea. 8 mid 2 5KV E4 ea.
CARRIAGE on these units will be charged at cost

INFRA RED QUARTZ LAMPS. 2301 620 Watts 5,z, 13
ilia £1.50.

BRIDGE RECTIFIER. 2 Amp 50p ee.
PHOTODIODE DETECTOR 4" lie lends 25p es.
AMPHENOL. 1 1 way mount edge r ))))) er tuts ()

ng 15p es.
I C S4111(6110 MAINS LEAD. Moulded i3 vertical flat pins centre

,k1ketr, 60p es.
FANS. 115V 13 Watts Sue 3', x 3', ." BRAND NEW
E4.50 se Secondhand E2.50 ea.

Mlf 0' MOTORS ' ,oqm Lot qi teeth 3 1 b" dial
1'. Nrvv 30p ea

MOTOR I 2V DC wah pulley and immoral semiconductor Speed
Cr I New El ea.
LEDEX ROTARY SOLENOIDS. I 15V DC No switch assembly
15p tie.
DIAMOND 14 CONTROLS ROTARY SWITCH. Single pole
10 way Printed CITC(111 Mount New 10p ea.
DELAY LINE. 50 nanosers 3 rootlet -bons ground -in -out Sire 2

I 16 x 16" New 25p eta
PULSE TRANSFORMER. Sub rnin Size 17 x 5 16 x ',"
Secondary centre tapped New 219p ea.
MOTOR by Inland Motor Corp DC High Torque Reversible
Usable torque at 5V Max voltage 24V E2.50 ea. P&P 12
REMO TV TYPE MULTIPLIER. Two high voltage outputs and
locus (leach.
DON'T TAKE CHANCES. Use the proper EHT CABLE 10p par
metre or f7.50 per 100 metre/drum. P&P
MOTOR by Eastern Air Devices Inc 125V reversible with toothed
.halt, teeth 'I" dial Sire 2 x Fr" ilia 75p ea. P&P 11
PHOTOGRAPHIC LAMPS. Pearl 130V 500 wag Screw can
75p ea. BOX Of 1 I' 15.50. P&P I 1 50
MYSTERY IC PACK. Some 40 pin - good mixture - all new
devices 25 ICs for El. P&P 50p You find out what they me and

Vetal'h:" youAt PUMPS ETC- Send tot list
DECOUPLING CAPACITORS. 0 ()Solid 100 0 Olmfd 0 lmfd
50V 0 047mfd 250V All values 100 for Et.
E.H.T. CAPACITORS 500pf BKV 20p each.
10.WAY MULTI COLOUR RIBBON CABLE. New 40p per
metre. 10 'naivete, E3.
GEC UHF 4.button tuner E1.50 mech.
CENTAUR 1101/ FANS x 4 x 1 . (4.50 ea.
EX -USED cquicnictii tested 60p each.
POTTER & BRUMFIELD TIMER RELAY, 11 bV 4C.
.Into 7 ixqe s ser nod delay ChM, R & C tin Mlle",

anti 50p each.
SPEAKERS " 0(1 unin (1 21A New 40p each.
RANI) DISCHARGE capacitors Brnfd 4kV ES each. P&P E2
BIG INCH Motor. 110V AC 3 rpm 50 cycle Very small 50p
tech.
CONTACTORS ii, 0,3, L41, DC E1 each.

DIGITAL 24 -HOUR CLOCK 7. claim ccart i. Hi.,,,,.

ONLY f 3 75 each
931A PHOTO MULTIPLIER x.ch

51,1016 CONTROL 500W 1.bowlelv wilt
. !. 25p each.
RANCO 250V 18A THERMOSTATS fktkl,
.,10.0. 11,1,,,tvtC f 2 50 each

SOLID STATE UHF TUNERS f 1 each
BRAND REX Pit, ts,i
Sin SOLID RUBBER RINGS'

dog, happy 4 for E1.P&P I 1 50
TRANSFORMERS
AUTO 240V input 115 V 1 Amp output E1.25 each. P&P 1 15
240V input. Soc 6V 1 86A 8kw Site 2', x 2 x 2" Good
quality E1.50 ea. P&P f 1

240V input Bac 120 0 92A Size 21/2 x 2 x 2" Good quality
E1.50 ea. P&P E 1
240V input 120 100MA Sue 60 x 40 x 42mm 50p each.
240V input. Soc 12.0-12V SOMA Sae 53 x 45 x 40mm El
e a.

115V input. Soc 5V 250MA Sue 1 11 6 x 1 5 1, 11/4" 2 for
50p.

SEMICONDUCTORS 154005 - Sp; 194003 - 3p.
At BE each.
3BC147, BC148B BC157. 8C158. BC237. 8E197. 0A90
0081 BA154 BA243
At 259 uch. TIP31 TIP41A 2N5E96 AF139 27X341
BY127 10p. 51181 20p; BD239 49p; BD241 40p; MA343AT
40p; 50228 SOp; 80233 & BD234 Comp Pair 25W - 60p per
pr. at 50p each.
REGULATOR TBA625 8 to 20V in - 5V out 100MA T05 Con
50p each BF256C 20p.
Inuits/sued Circuits

TV AMPLIFIER TBA 120 20p each.

7453 Se /4014 12p 75326 El
;TE:ri 5p 74H51 7p SN15861 4p
7402 12p 74538 10p MC4028 69p
7476 20p 74502 12p 7417 14p
7495 35p 74154 70p 7441 40p
74 1 22 12p 74002 16p 74C86 50p

74C00 17p 74C04 18p 74C161 24p
74C 74 18p

MOTOROLA DUAL in line 6 pin Opto Coupler 30p emelt. Gold
plate tester version 50p each.
EPROMS 2708 [5.50 each.
TELEPHONES 706 style black or grey E5.59 each. 746 style
black or grey E7.50 each. Older style black E2.50 leech. P&P
1150 per telephone
Honeywell humidity controllers 50p each.
THYRISTOR TIMER. Solid State 15 secs adjustable treseg in
Oast& relay case Standard 7 pin base Series delay 50p each.
MINIATURE PC MOUNT SLIDE SWITCH. Single pole 3 way
10p each.
VARIACS. 1 amy Standard 24(1 Volts E10 each. P&P 12
ELECTROSTf SIC VOLTMETERS. 7 5KV ES each. P&P 11 50
Other ranges available Please enquire
TRIMMERS. Sub min 0 /5 to 115pl to to 4 5p1 7 to 45p1 All
en 6p each.
CROWN replacement MOTOR for IBM GOLFBAIT. TYPEWRITER
115Volt 50HZ 1350 rpm f C.4.50 ea. P&P (2
SMITHS en capsulated trans.storfsed AUDIBLE WARNING
DEVICES 4, 170 Ca be diver, lion, TTi 65p each.

MINIMUM ORDER [3 VALUE OF GOODS MINIMUM P&P El - where P&P not stated please rise ow, del
b P&P or CARRIAGE and VAT at 1 5'.'r on total MUST BE ADDED TO ALL ORDERS

CALLERS VERY WELCOME STRICTLY BETWEEN 9am-fpm and 2-5pm Monday to Saturday inc.
BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome.

tir/TI nieces .,1LifIc1,,I CARRIAGE ALL UNITS

=INI LT NI EA LTD
NORWOOD ROAD, READING TELEPHONE NO. READING 669656

12nd turning left pest Heading Technical College in King s Road then first light - look on right for door with Spoked Wheel



PROJECT

DIGITAL TEST
METER
This unique and modestly priced piece of test gear uses the very
latest 31/2 digit LCD DVM module and acts as a combined 25 -range
digital multimeter and a 5 -range digital frequency meter. It's
another 'first' from ET!.

Twoof the most useful pieces of modern electronic test
gear are the Digital Mu ltimeter (DMM) and the Digital
Frequency Meter (DFM). These instruments are highly

accurate, rugged and can be used in any attitude (vertical,
horizontal, upside down, etc). Trouble is, they tend to be a bit
expensive; a decent pair of such instruments costs about
£200.

We have overcome the price by producing a unique
30 -range digital instrument that acts as a combined 25 -range
DMM and 5 -range DFM. We've decided to call this new
instrument a Digital Test Meter, or DTM. Our DTM is
designed around the very latest 31/2 digit liquid crystal digital
voltmeter module (thereby simplifying construction), is
powered from two 6 V battery supplies and typically gives
several months of operation from a single battery set.

The AV (alternating voltage) ranges of the DTM are
frequency compensated; they are typical responses that are
flat within 1% to 40 Hz or to within 1 dB to 120 kHz.

The resistance indicating section of the DTM uses a
ratiometric measurement technique and a test voltage of
about 300 mV maximum, thereby enabling in -circuit
resistance measurements (such as a resistor in parallel with a
semiconductor junction)to be made without forward biasing
in -circuit junctions. The DTM is provided with an
independent facility (via a specific test terminal) for testing
semiconductor junctions.

The frequency meter section of the unit can be used to
measure frequencies in the range 10 Hz to 1.999 MHz. The
input impedance of the section is roughly 200 kHz and signal
levels in the approximate range 10 mV to 100 V can be
accepted.

The ,DTM is provided with a built-in precision 1V2 DC
reference, which can be used for basic calibration of the DC
and DV ranges. Resistance calibration is automatically
established by built-in standard resistors. The instrument
must be compared with external standards to calibrate the
basic AC, AV and frequency ranges.

Accuracy
The basic 31/2 digit DVM module used in the DTM is

intended to read 100 mV full scale, with 100% over -range
capability (giving a maximum reading of 199.9mV). The basic
module is capable of reading with an accuracy that is within
0.1% (one digit, or 100 uV) of full scale, once it has been
initially calibrated against a suitable reference standard.

In practice, all other ranges of the DTM are obtained by
feeding inputs to the DVM module via resistive potential
dividers, current ranging resistors and resistance standards.

In our prototype DTM we've used 1% resistors in all
pertinent positions, thus giving the completed instrument an
overall accuracy of 1% which we consider to be adequate
for most practical purposes. If you want higher accuracy,



cn
m

3
w
m

PROJECT: Digital Test Meter

DT

RV/
627
CAL 100 0
3/C

Ilm

SKI

DIODE TEST
USE ON 1000A
RANGE

20 0
Sal

FS1
2,3

COMMON 0
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SW2

RANGES

SW1 'MODE' SETTINGS
f DC AC DV AV R

1 - 100uA 100uA 100mV 100mV 100R

2 1kHz 1mA ImA 1V 1V 1k0
3 10kHz 10mA 10mA 1011 10V 10k

4 100kHz 100mA 100mA 1001/ 100V 100k
5 1MHz 1A 1A 1kV 1kV 'IMO

6 1A 1A 1kV 1kV 10M

Table 1. SW2 range details for the six meter func-
tions.

COMM B

POSITION 1

3

POLE A

4

4

POLE B

3 COMM A

Fig.2. The wiring of SW2 (above) can become a
veritable jungle if you're not careful. Lock
yourself away from all distractions for half an
hour and work round each pole in turn.

CO..

HOW IT WORKS
The heart of the DTM is a DVM 176M Rev C 31/2 digit liquid crystal
DVM module, available from Ambit International. This module
has a built-in voltage reference and is intended to be powered from
a single 9 V battery. The complete module (including the readout)
typically draws only 1 mA of current and is intended to read 100
mV DC full scale with 100% over -range capability (giving a
maximum reading of 199.9 mV).

In our particular application we need, for various reasons, to
power the module from a split 12 V (6-0-6) battery supply, which
makes it necessary to ignore the module's built-in voltage
reference, and supply it with a reference voltage from an external
source. IC1 and the RV1-R23 divider are used for this purpose.

In the completed DTM, voltage ranging is obtained by
feeding inputs to the DVM module via the R6 -R12 potential
divider network. AC voltage ranging is obtained by feeding inputs
to the DVM module via the same potential divider (which is
frequency compensated via C2 -C3 and C4) and via a precision
AC/DC converter (designed around IC7).

Current ranging is obtained by feeding the test current
through the appropriate one of the R1 to R5 ranging resistors and
monitoring the voltages that they generate. In the DC mode, the
generated voltages are fed directly to the input of the DVM
module. In the AC mode, they are fed to the module via the AC/DC
converter.

Frequency indication is obtained by feeding input signals to
the DVM module via a precision frequency -to -voltage converter.
The f -to -v converter has a basic range of 10 Hz to 1,999 kHz and
frequency ranging is achieved by feeding input signals to the
converter via switch -selected decade divider networks.

Resistance measurements are made by disconnecting the
external reference from the DVM module and connecting the test

series with the appropriate one of the R13 to R18
ranging resistors and powering the combination with a few
hundred millivolts DC (via the IC1-Q1 network). The voltage of the
ranging resistor is monitored at the reference -input terminals of
the DVM module and the voltage of the unknown resistor is
monitored at the module's signal input terminals. The DVM
module compares the ratios of the two voltages (and thus the ratios
of the resistors) and gives a readout that is interpreted directly in
terms of resistance.'

This 'ratiometric' system of resistance measurement has two
distinct advantages. First, maximum test voltages of only a few

hundred millivolts are applied to the unknown resistor, thereby
enabling in -circuit resistance measurements to be made without
causing semiconductor junctions to become forward biased.
Second, the accuracy of measurement is independent of the
energising voltage and is determined solely by the accuracy of the
ranging resistors, thus eliminating calibration problems. Our
circuit measures resistances of OR1 to 19.99M in six ranges.

In the DTM, multi -pole switch SW1 is used to select the mode
of operation and SW2 is used for range selection. SW2 sets the
decimal point of the display to a position appropriate for the
selected range.

The DTM has a facility for testing semiconductor junctions.
To use this facility, the unit is switched to the 100uA range in the
DC mode and the test device is connected between the DT + and
+ terminals of the instrument. The DT + terminal is energised
from the built-in 1V2 source via RV2 and R25 and the resulting
device current is read out by the DVM module. Open circuit
devices give a reading of zero. Short circuit devices give a reading
of 100.0. Good silicon junctions give a forward reading of roughly
60.0.

The ACIDC converter section of the instrument is designed
around IC7, which is connected as a precision rectifier. The gain of
the circuit can be pre-set, for calibration purposes, via RV5. The
output of the converter is integrated by the R46, C17 network and
by an additional network that is incorporated in the DVM module.

Frequency to voltage conversion input test signals are fed to
high -impedance (roughly 200k) input buffer Q2 via safety resistor
R26 and are then amplified by Q3 and converted to square waves
at the input frequency via IC2. The resulting square waves are then
divided down by decade dividers IC3 to 105.

The heart of the converter is IC6 which, quite simply, is a

the input signal is fed to pin 11 via R32 and a proportional
analogue voltage appears at the junction of R38 -R39. In our
application, the IC is configured to cover the basic range of 10 Hz
to 1.999 kHz. Frequency calibration can be set via RV4 and offset
nulling (zero output for zero input) can be achieved via RV3.

Frequency ranging of the complete converter circuit is
obtained by feeding the input of IC6 from an appropriate point in
the IC2-1C5 network via SW2e. Thus, on the 1kHz range IC6 is fed
directly from the output of 1C2; on the 1 MHz range, IC6 is fed from
the output of IC5.

you'll have to locate a source of supply of ultra -precision
resistors.

Construction of the unit presents a bit of a challenge,
due to the complexity of the interwiring. Construction needs
to be tackled in a methodical manner, with the unit being
given a functional check at the end of each building stage.
The following building sequence is recommended.

DV Ranges & AV Ranges
Gather all hardware together (switches, battery pack,

sockets, fuse holder and the DVM module and bezel) and
secure them in their final positions in the instrument case. On
our prototype, we've used a bank of push-button switches for
SW1 (mode selection) and a rotary switch for SW2 (range
selection). On/off switch SW3 is mounted on the rear of the
instrument. SW1 is mounted on a small PCB and fixed, via

self -tapping screws and 1/8 inch spacers into studs
moulded into the base of the case.

Make up PCB A as shown in the overlay, taking special
care over the construction. Note that 1 % resistors are used in
the range -determining positions. Fit Veropins in all
appropriate positions on the board, to facilitate wiring
interconnections. Make up the power supply ( + 6 V, 0 V and
-6 V) connections to the board via SW3.

Make up the following interconnections to the DVM
module, noting that the module is a MOS device and can be
damaged by static charges; Vss to -6 V and VDD to + 6 V on
PCB A. Connect COM, IN LO and TEST together and connect
to the 0 V power supply line. Connect the 0 V line to the
instrument's common input terminal via FS1. Connect RFL to
the common terminal of SW1f. Connect RFH to the common
terminal of SW1 d. Connect IN HI to the common terminals
of SW1 c and SW1 e.



Refer to the main circuit diagram and make the
following connections. Wire up SW1d and make the
connection to RV1 slider on PCB A. Wire up SW1f and make
the connection to COM terminal on the DVM module. Trace
the DV (direct voltage) path through the circuit and make the
appropriate connections as follows. From SK2 to SW1a
common; from SW1a DV to R6 and from the R6 -R12 chain to
the1 to 6 pins of SK2c; from SW2c common to SW1b DV/AV;
from SW1b common to SW1c DV and AC; from SW1c
common to SW1e common and to the IN HI terminal of the
DVM module.

With all the above connections made, double check the
wiring and then switch the unit on. Short the instrument's
input terminals and check that the DTM reads 000 on all
ranges in the DV mode. Switch to the 1 V range, connect the
unit's input terminal (SK2) to SK1 and trim RV1 to obtain a
reading of 1V2 (1200). The unit is now approximately
calibrated (within 5%) on all DV ranges. Remove the
connection from SK1 and check that the unit is functional on
all DV ranges.

If you have access to a precision DV source or to an
accurate DMM, you can precisely calibrate the DTM by
switching it to the 100 mV DV range, connecting a known
input test voltage (100-199 mV) and adjusting RV1 for a
correct reading.

Decimal Pointing
Refer to the main circuit diagram and make the

connections from +6 V to SW2f common via R24 and from
the SW2f range pins to the D1, D2 and D3 terminals on the
DVM module. Switch the DTM on, on the DV ranges, and
check that the decimal point appears in sensible positions on
each range (eg 100 mV reads 100.0 on the 100 mV range or
100 on the 1 V range).

Refer to the main circuit diagram and trace the AV
(alternating voltage) path, making additional connections as
appropriate, as follows. From SK2 to the top of R6 via SW1a
and C1; from the output of the R6 -R12 chain to SW1b via
SW2c; from SW1 b common to R41 of the AC/DC converter
on PCB A and to the DV and DC pins of SW1c; from R46 of
the converter on PCB A and to the DV and DC pins of SW1c
common to IN HI on the DVM module.

When the above connections are complete, set the unit
to the 100 mV AV range, connect a 1 kHz sine wave of known
amplitude (100-199 mV) to the input of the DTM and adjust
RV5 for a correct reading. Switch the unit to the 1 V range,
increase the input signal to a sensible value and check the
frequency response of the instrument. The response should
be virtually flat from 20 Hz to 40 Hz; if necessary, the value Of
C2 can be padded up slightly to obtain the required response.
Check that the unit is functional on all other AV ranges.

DC Ranges &AC Ranges
Refer to the main circuit diagram, trace the DC (direct

current) circuit path (via R1 -R5), add all appropriate
switching connections and then give the unit a functional
check on all DC ranges.

Refer to the main circuit diagram, trace the AC
(alternating current) circuit path, add any appropriate
switching connections and give the unit a functional check
on all AC ranges.

Resistance Ranges
Refer to the main diagram again, trace the resistance

measuring circuit (via R13 -R18 and SW2d, SW1d-SW1e-SW1f
and from the IN HI pin of the DVM module to SK2 via SWIG
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Fig.3. The mode switch assembly fits on its own PCB (above).

and SW1a) and make all appropriate connections. Give the
unit a functional check on all ranges by connecting
appropriate test resistors to the DTM test terminals.

Note that, due to the low -voltage ratiometric resistance
measuring technique used in this instrument, the readout
tends to jitter somewhat when used to test resistors with
values in excess of 200k or so. This tendency can be
minimised by keeping test leads as short as possible, to avoid
hum pickup.

Make the connection from R25 (on PCB A) to Diode Test
Socket SKI. Short SK1 to SK2 and adjust RV2 for a reading of
100.0 on the 100 uA DC range. Remove the short and check
that a reading of 00.0 is obtained. Connect a silicon diode
between the two sockets and check that a reading of about
60.0 is obtained in the forward direction and 00.0 in the
reverse.

Frequency Ranges
Construct the frequency -to -voltage converter circuit on

PCB B and make its supply connections via SW1g ( + 6 V)and
SW1 h (-6 V) and the supply common line. Make the input
connection to the PCB from SW1a and the output
connection to SW1c. Wire up SW2e as shown, noting that a
4k7 resistor is connected directly to each of the 1kHz, 10

ETI SEPTEMBER 1980
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INPUT
SW1a

11tH2
SW2e

NOTE:
R47 -SO ARE MOUNTED
OFF BOARD.

A

;

IP- 

PARTS LIST

101cH:
SW2

look H,
SW2e

OUTPUT INPUT
SINlc SW2e COM

I1

I EMI.
717.1.

Fig.4. Component overlays of the two Digital Test
Meter boards. Frequency ranging (top board) is
achieved by feeding IC6 from an appropriate
point in the IC2-5 chain.

Resistance measurements are made by using
one of the resistance ranging resistors R1318
(bottom board). IC7 is the heart of the ACIDC
converter.

Resistors 1/4W 5% unless specified
R1 OR1 1/2W 1%
R2 1R0 1/2W 1%
R3,12 1OR 1/2W 1%
R4,11,13 100R 1/2W 1%
R5,10,14 1k0 1/2W 1%
R6,18 10M 1/2W 1%
R7,17 WO 1/2W 1%
R8,16 100k 1/2W 1%
R9,15 10k 1/2W 1%
R19,30,39 1k0
R20,24,25,43,44 10k
R21,26 5k6
R22 3k3
R23 22k
R27 680k
R28,45 3k9
R29,46 470k
R31 47R
R32,47,48,49,50 4k7
R33 390k
R34,35 2k2
R36,41 100k
R37 820k
R38 15k
R40 22R
R42 2M2

Potentiometers
Rv1,2
Rv3
Rv4
Rv5

4k7 miniature horizontal preset
47k miniature horizontal preset
470k miniature horizontal preset
2k2 miniature horizontal preset

Capacitors
Cl
C2
C3
C4
C5
C6,7,9,11
C8
C10
C12
C13
C14
C15,17
C16
Semiconductors

10n 2kV ceramic disc.
33p silver mica
470p silver mica
4n7 silver mica
150n polycarbonate
470u 16v electrolytic, PCB type.
100n polycarbonate
470n polycarbonate
2n7 ceramic
470p ceramic
10n polycarbonate
220n polycarbonate
4u7 electrolytic, PCB type

DVM 176M Rev. C.
IC1 Zn423
IC2 4093B
IC3,4,5 4017B
IC6 9400C I
IC7 CA3140
Q1,2,3 BC109
D1-4 IN4148
Miscellaneous
SW1a, 8 pole change over interlocking push button
SW1,b,c,d,e, 6 pole change over interlocking push button
SW2a-f, 2 pole 6 way wafers (3 off) rotary switch
SW3, DPDT miniature toggle
SK1-4, 4 mm banana sockets
2 off, 4 section battery holders for HP7
1 off, 11/4" fuse & holder chassis fixing or similar
1 off, winged knob
Case (see buylines)

kHz, 100 kHz and 1 MHz output pins of PCB B, with the
connections to SW2e made via these resistors.

When construction is complete, switch to the 1 kHz
range in the 'f' mode, short the unit's input terminals and
adjust RV3 for zero reading on the meter. Remove the input
short, connect a 1 kHz input signal and adjust RV4 for a
reading of 1.000 on the meter. Finally, check that the DTM is
functional on all other frequency ranges.

ETI SEPTEMBER 1980

BUYLINES

Watford Electronics have agreed to supply a full kit of parts for the
ETI DTM.

Our Case for this project was obtained from OK Machine and
Tool. (Order as CH23 Tan) Phone 0703-610944.

Ambit International Supply the DVM176 Rev. C.

ET!
83



Our condolences to purchasers of ZEON Hong Kong watches - ZEON have gone into voluntary
liquidation

Yet another reason for paying a little more for QUALITY. RELIABILITY AND CONTINUING SERVICE

Our best selling alarm chronograph is
now available from stock again

CASIO
81GS-3513
ALARM
CHRONO

RRP £34.95

ONLY
£29.95

Solid stainless steel, mineral glass. Water resistant. 5 -YEAR
BATTERY. Hours, minutes, seconds, day and day, date, month and
year. 12 or 24 -hour display. 24 -hour alarm, hourly chimes.
Stopwatch from 1/100 second to 7 hours; net, nap and 1st and 2nd
place times.

NEW CASIO CHRONOGRAPHS

ONLY
£17.95 .414

Hours, minutes, seconds, am/pm, day and date. Automatic four
year calendar. 1/100 second chronograph to 12 hours, measuring
net, lap and first and second place times. Backlight, 2 -year lithium
battery. Water resistant case. Mineral glass.

F-300 Rugged, lightweight resin case
11OQS-37B Chrome plated. S/S bracelet

100m WATER RESISTANT
SUITABLE FOR SWIMMING ETC

DFT 030/038

ALARM
CHRONOGRAPH

100m WATER
RESISTANT

£49.95
k.,

Hours, minutes, seconds with alpha day and date on upper display;
and day, date, month calendar. Alarm and hourly chimes. COUNT-
DOWN ALARM. Stopwatch from 1 /100 second to 12 hours: net,
lap and 1st and 2nd place times on double display.

DER 028 SOLAR ALARM CHRONOGRAPH
With weekly alarm, interval timer, 7 -year battery.
100m water resistant £69.95

Something to sing about with twelve program-
med melodies!

CASIO
M L90

MELODY
MAKER

RRP £21.95

ONLY
£19.95 1111=1111111111111111111111111181118

Cal

Clock, hourly chimes, calendar to 1999. Alarm 1 7

different melodies, changing daily, a fixed melody
or buzzer. Alarm 2: a fixed melody or buzzer. Date
memory 1: "Happy Birthday". Date memory 2:
"Wedding March" or "Drinking song". On De-
cember 24/25 plays "Jingle Bells". Calculator
with 11 -note keyboard, full access memory, square
roots, %, 7 /32 X21/2 X41/2 inches. Wallet. 1 year
batteries.

You asked for a metal version of the best selling
C-80. Here it is!

Watch
Calculator
Stopwatch
Dual time
RRP £34.95

£29.95

Finger touch keyboard. Hours, minutes, seconds,
am /pm and day. Day, date, month calendar
pre-programmed to 2009. Professional 24 -hour
stopwatch, measuring net, lap and first and second
place times to 1/100 second. Dual time (24 hour).
8 digit calculator. Backlight. Water resistant
chrome plated case with stainless steel bracelet.

C-80 Black resin cased version £24.95

We PROMISE TO BEAT any sensible lower advertised
prices ON THE SPOT if the advertiser has stocks AND you
get Casio's guarantee from us!

OTHER STAR BUYS
Watches
F -8C 8 digits. Resin. Now only £8.95
F-200 Sports chrono. Resin . ..... E10.95
950S-368 1/100 sec. 12/24 hr. Solid s/s

E19.95
Alarm chronographs
F-80 1/10 sec. Resin. S /s trim £19.95
830S-418 1/10 sec. S /s jacket . . £22.95
83QGS-41 B Gold plated version . . . E29.95
81 QS -40B As 81QS-35B but chrome . £22.95
810GS-358 Gold plated version . . £34.95
Casio ladies' watches. 11 models, many with
stopwatch and dual time. From £12.95

Calculators
MC -34
HR -10
Scientific*
FX-81 £12.95. FX-100 £15.95. FX-330 E15.95
FX-8100
FX-7100
FX-501P
FX-502P
FA -1
Master pack software kit (RRP £17 95)
Free of charge with FX-501P or FX-502P

SUMMERTIME SPECIAL OFFERS

FREE on request with order

With any purchase made from this section before
September 30th 1980 GENTLEMAN'S
DIGITAL WATCH with comprehensive display
and long life battery from world famous manufac-
turer. Value around f12. An ideal working watch
for you or a present for someone else.

With any purchase made from this section before
September 30th, 1980.
From world famous manufacturer.
GENT'S DIGITAL WATCH, around £17
or LADY'S DIGITAL WATCH, around £15
or CALCULATOR /CLOCK, around £17

RETURN OF POST SERVICE

Offers subject to availability

Postal and telephone orders received before 4.00 p.m. will normally be despatched the same day by FIRST CLASS POST.

Send your order by FREEPOST (2nd class post - no stamp required). Please phone urgent orders or use first class mail

PRICE includes VAT, P&P. Send your
Company Order, Cheque or P.O. or phone
your ACCESS or ErCARD number to: TEMPUS

WATCHES with chronograph (stopwatch)
950S -42E412/24 hr Dual time. S/S jacket .

f17.95
550S-388 Digi/ana. Timer. chrome . £24.95
C,I30 Calculator. Dual time E24.95
Alarm chronographs with hourly chimes
810S -40B As 810S-3513 but chrome £24.95
830S-418 1/10 sec. S /S jacket . . . £24.95
790S-398 1 10 sec. full calendar. Chrome .

E29.95
CALCULATORS
AQ-2200 £19.95. MQ-12 £19.95

Musical: ML -82 £19.95. ML -71. ML -81 f22.95.
Ultra slim scientific: FX-3200 £21.95.

WATCHES
56QS-50B Digital/analogue. Chronograph
Timer Solid stainless steel .... . £34.95
79CS-5111 Universal calendar alarm chrono with
chimes. tone control. Solid s /s £39.95'
59CS-33B Ultra slim dress watch with alarm

E44.95
Scientific calculator: FX-8000 Stopwatch 2
alarm timers £31.95

ILLUSTRATED CATALOGUE
Casio and Seiko products. Send 25p to: TEMPUS
(Information and Service Centre), 19-21 Fitzroy Street,
Cambridge CB1 1 EH.

Tempus (Dept. ETI)
FREEPOST, 164-167 East Road
Cambridge CB1 1 BR. Tel. 0223 312866
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00Ik 51111/10L
How to order: Make cheques payable to ETI Book Service. Paymen in sterling only please. Orders should be sent to: ETI Book Service, Modmags Sales Office, 145 Charing

Cross Road, London WC2. All prices include P&P. Prices may be subject to change without notice.

-BEGINNERS
Beginners Guide to Electronics Squires £3.75
Beginners Guide to Transistors Reddihough £3.75
Beginners Guide to Integrated Circuits Sinclair £3.75
Understanding Electronic Circuits Sinclair £4.60
Understanding Electronic Components Sinclair £4.60
Beginners Guide to Radio King £3.75
Beginners Guide to Audio Sinclair £3.75

=COOKBOOKS,

ILLOGIC

TV Typewriters Cookbook £7.75
CMOS Cookbook £8.20
Active Filters £11.30
IC Timer Cookbook £7.50
IC Op -Amp Cookbook £10.00
Video Cookbook £7.00
TTL Cookbook £7.55
The Basic Cook £4.00 inc. p/p
IC Converter Cookbook £9.50

=APPLICATIONS
Fire and Theft Security Systems B. Weis £2.15
How to Build Electronic Kits Capel £2.65
110 Electronic Alarm Projects R. M. Marston £4.45
110 Semiconductor Projects for the Home Constructor R. M. Marston
£4.45.
110 Integrated Circuit Projects for the Home Constructor R. M.
Marston £4.45
110 Thyristor Projects Using SCRs R. M. Marston £4.45
110 Wave Form Generator Projects R. M. Marston £4.45

-COMPUTING & MICROPROCESSORS=
What is a Microprocessor? 2 cassette tapes plus a 72 -page book
£12.00
Beginners Guide to Computers and Microprocessors with Projects C.
Adams £6.05
Basic Computer Games Ahl £6.05.
Basic for Home Computers A self -teaching guide. B. Albrecht £6.15.
Illustrating Basic D. Alcock £3.75
Intro to Microprocessors Aspinall £6.55
Z-80 Microcomputer Handbook w. Barden £7.75
How to Program Microcomputers W. Barden £7.25
Introduction to Microcomputers and Microprocessors A. Barna £8.60
Microprocessors in 4istruments and Control R. J. Bibbero £13.00
Basic Basic J. S. Coan £7.80
Advanced Basic J. S. Coan £7.30
Getting Acquainted with Microprocessors L. Frenzel £7.25
Beginners Guide to Microprocessors C. M. Gilmore £4.90
Beginners Guide to Home Computers Grossworth £4.50
Beginning Basic R. E. Gosling £4.75
Microprocessor Programming for Computer Hobbyists N. Graham
£7.15
Miniprocessors from Calculators to Computers Heiserman E5.00
Microcomputers, Microprocessors, Hardware, Software and Appli-
cations J. L. Hilburn £17.40
Basic Programming J. G. Kemeny £7.25
Microprocessor Systems Design E. Klingman £17.00
Intro to Microprocessors Leventhal £17.00
Microprocessors - Technology, Architecture & Applications D. R.
McGlynn £10.55
Interactive Computing with Basic Monro £4.25
Basic with Style P. Nagin £4.25
Software Design for Microcomputers Ogdin £7.20
Microcomputer Design Ogdin £7.25
Microcomputer Base Design Peatman £5.70
Hands on Basic with a PET Peckham £9.55
Basic - A hands on method Peckham £6.95
6800 Software Gourmet Guide and Cookbook Scelbi £8.90
8080 Software Gourmet Guide and Cookbook £8.90
The 8080A Bugbook: Microcomputer Interfacing & Programming
P. H. Rony £8.35
8080/8085 Software Design Titus £7.60

57 Practical Programs & Games in Basic Tracton £6.65
Microcomputer Primer M. Waite £6.50

Your Own Compqer Waite £1.60
Microprocessor/Microprogramming Handbook Ward £6.20

Logic Design Projects Using Standard ICs J. Wakerly £7.15
Practical Digital Design Using ICs J. Greenfield £16.00
Designing With TTL Integrated Circuits Texas Instruments £9.35
How To Use IC Circuit Logic Elements J. Streater £3.80
110 COSMOS Digital IC Projects for the Home Constructor
R. M. Marston £4.45
Understanding CMOS Integrated Circuits R Melee £4.15
Digital Electronic Circuits and Systems R. M. Morris £4.50
MOS Digital ICs G. Flynn £5.25

=TEST INSTRUMENTS
The Oscilloscope In Use Sinclair £3.50
Working with the Oscilloscope A. Saunders £4.25
Servicing with the Oscilloscope A. King £6.65
Radio Television and Audio Test Instruments King £7.00

----0P-AMPS
Applications of Operational Amplifiers Graeme (Burr Brown) £8.45
110 Operational Amplifier Projects for the Home Constructor R. M.
Marston £4.45
Designing With Operational Amplifiers Burr Brown £19.00
Operational Amplifiers Design and Applications G. Tobery (Burr Brown)
£7.55

=COMMUNICATIONS
Communication Systems Intro To Signals & Noise B. Carlson £7.65
Digital Signal Processing Theory & Applications L R. Rabiner £24.40
Electronic Communication Systems G. Kennedy £8.75
Frequency Synthesis. Theory & Design Mannassewitsch £25.00
Principles of Communication Systems H. Taub £8.40

=THEORY
[Introduction to Digital Filtering Bogner £10.60
Transistor Circuit Design Texas Instruments £9.75
Foundations of Wireless Electronics M. G. Scroggie £5.60

-REFERENCE
Electronic Engineers Reference Book (Ed. 4) L. w. Turner £34.50
Electronic Components M. A. Colwell £2.90
Electronic Diagrams M. A. Colwell £2.90
International Transistor Selector T. D. Towers New update £10.20
International FET Selector T. D. Towers £4.35
International Op -Amp Linear IC Selector Towers £7.65
Radio Valve and Semiconductor Data A. M. Bell £4.00
Radio, TV and Audio Technical Reference Amos £30.40

=MISCELLANEOUS
Electronic.Fault Diagnosis Sinclair £3.55
Integrated Electronics J. Milman £8.20
Practical Solid State DC Supplies T. D. Towers £6.40
Practical Triac/SCR Projects for the Experimenter R. Fox £2.35
Printed Circuit Assembly Hughes & Colwell £2.90

Fallen behind recent advances?
Just starting out?
Need a decent reference book?
Ell Book Service provides an easy
way of getting your hands
on the right title.
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IMIICOA1-2

Ex-
st oc k

only £335
+ VAT

Full after sales
service

L8OA 8 bit. This will run at 4 Mhz but is
selected between 2/4/Mhz.
On -board, addressable memory. 2K
2K Monitor- Nas-sys 1. 1K Video RAM
(MK 4118). 1K work space/User RAM
(MK 4118) (8K Microsoft Basic)
(MK 3600 ROM) (8K Static RAM/2708E)

MICRO-
COMPUTER
FREE 16k B
RAM Board
FREE POWER
SUPPLY

Microprocessors 280A. 8 bit CPU. This will run at
4MHz but is selectable between 2/4 MHz. This
CPU has now been generally accepted as the most
powerful, 8 bit processor on the market.
INTERFACE
Keyboard New expanded 57 key Licon solid state
keyboard especially built for Nascom. Uses stand-
ard Nascom, monitor controlled, decoding.
T.V. The Iv peak to peak video signal can drive a
monitor directly and is also fed to the on -board
modulator to drive the domestic T.V.
I.O. On -board UART (Int. 6402) which provides
serial handling for the on -board cassette interface
or the RS232/20mA teletype interface.
The cassette interface is Kansas City standard at
either 300 or 1200 baud. There is a link option on
the NASCOM-2. For 2400 Baud.
The RS232 and 20mA loop connector will interface
directly into any standard teletype.
The input and output sides of the UART are
independently switchable between any of the
options -
i.e. it is possible to have input on the cassette and
output on the printer.
PIO There is also a totally uncommitted Parallel
I/O (MK 3881) giving 16, programmable, I/O lines.
These are addressable as 2 x 8 bit ports with
complete handshake controls.
Documentation Full construction article is pro-
vided for those who buy a kit and an extensive
software manual is provided for the monitor and
Basic.
Basic The Nascom 2 contains a full 8K Microsoft
Basic in one Rom chip with additional features like
DEEK, DOKE, SET RESET for simple programming.

Ideal for NASCOM - PET - TRS80 - TRITOF

PLAIN PAPER Fullyh budilt. and
n e

£325 PRINTER stylish enclosure
tor just £325 plus VAT.

INTERFACES WITH ALL MICRO COMPUTERS
The Nascom IMP (Impact Matrix Printer) features

era
60 lines per minute. 80 characters per line.

 Bi-directional printing.  10 line print buffer.
 Automatic CR/LF. 96 character ASCII set

(including upper/lower case, 5, £1.  Accepts Ffir"
paper (pressure feed).  Accepts 91" paper (trac-
tor feed). Tractor/pressure feed. Baud rate from
110 to 9600  External signal for optional syn-
chronisation of baud rate.
IDEAL FOR WORD PROCESSING

COMPUTER SYSTEMS

"MICRON" the latest line ; £375.00In superb products
Inc. VAT
BRITISH
DESIGN

 6502 based microcomputer
 VDU alpha numeric display
 Powerful monitor TANBUG
 8K RAM
 32 parallel I/O lines
 2 serial I/O lines
 RS 232 C/20mA loop, with 16

programmable Baud rates
 Four 16 Bit counter times
 CUTS cassette recorder interface
 Data bus buffering
 Memory mapping control

71 Key ASCII Keyboard, including
numeric keypad and with auto repeat
Including metal cabinets for both
keyboard and modules

 Including power supply
10K Microsoft BASIC
All the usual BASIC commands
Integer and real numbers

 Integer and real arrays
Intrinsic functions ABS, INT, RND,
SGN, SIN, SQR, TAB, USR, ATN,
COS, EXP, LOG, TAN.

 User defined functions
 READ and DATA statements
 Dump and load programs

for cassette recorders
 Program editing command
 String function for text I/O
 BASIC can call user machine -code

sub routine
 User machine -code interrupt handler

interfaces with BASIC

COMPUTER KEYBOARDS

TASA 56 key touch sensitive keyboard. All ASCII
characters including control keys. Parallel output
with strobe. Shift lock. Keys coded in 3 colours to
indicate function. 18 V DC at 35 mA. 15" x 6.25" x
0.385" thick. Black resin encapsulated.
49.50 + VAT
STAR DEVICES MK III 71 keytouch sensitive key-
board. With numeric pad. All ASCII characters
including control keys. Auto key repeat. Parallel
output with strobe. Shift lock with indicator LED.
Built in 'beeper' with level control. 5V DC at 300mA
15" x 7" x 1 25". Grey case with white keys on blue.
48.50 plus VAT
CARTER 57 key ASCII keyboard. Conventional key
board. 128 ASCII characters including control keys.
Parallel output with strobe. Shift lock. 5 V and
-12 V DC. 12" a 5.5" x 1.5". Black keys with white
ledgends.
39.34 + VAT.
FERRANTI - "SIZE 14 x 6 x 3" SLOPING FRONT'
55 Key ASCII Coded in steel case. Complete with
Plug and Cable with circuit to convert to T.T.L.
levels.
In good condition at only £25 * VAT, P/P £2.50

MICROPROCESSOR BOARD 1NASCOM 2)
4MHz Z80 CPU; TV or Video + 1200 baud
Kansas City + Serial RS 232 printer
Interfaces; Keyboard; 128 character ASCII
plus 128 Graphics in 2 x 2K ROM; free
16 -way parallel port; 8K BASIC; NAS SYS
operating monitor. £280 built and tested.
Firmware & MOS ICs
Zeap Assembler (4, 1Kx8 EPROMSI £50
Nas Pen text editor 12, 1 Kx8 EPROMSI £30
Expansion boards (in kit form)
16K RAM £127.50  32K RAM £175.00
48K RAM £220.00
High Resolution Programmable Graphics £90
Colour Board Kit £140
High Resolution Colour add on £37.50

NASCOM PRODUCT LIST + VAT
I/O board kit less I/O chips 45.00
DART + BAUD rate generator crystal for I/O
board 16.00
CTC - MK3882 multiple interrupt driven
clock generator for I/O board 6.25
P/I0 - MK3881 + interconnect for I/O
board 6.50
P/10 interconnect only (for I/O board) 3.60
Econographics kit for additional 128 char-
acters (N1 only) 30.00
2708/2716 Programmer suitable for N1 and N2
under NAS-SYS E20.95 plus VAT
Nascom 19" rack mounting card frame
for N1 and N2 32.50
Nas-DA disassembler 3 EPROM for Nes-

W
37.50

36271 8K BASIC in 8K x 8 ROM 40.00
Naspen VS in 2 EPROM 30.00
Nas-sys monitor in 2 EPROM 71.00
Nasbug T2 1 x EPROM 12.50
Nasbug T4 2 x EPROM 25.00
Tiny Basic 2 x EPROM 25.00
Super Tiny Basic 3 x EPROM 37.50
Super Tiny Basic upgrade 1 x EPROM 12.50
Tape Software
ZEAP 1.2 tape and documentation for N1 30.00
ZEAP 2 tape and documentation for
Nas-sys 30.00
8K BASIC tape and documentation for N1 15.00
MEMORIES Discounts 10% for 4, 16% for 8,
20% for 16
MK3880 (Z80) for N1
MK3880-N4 (Z80A) for N2
MK4116 16K x 1 dynamic RAM
MK4027 4K a 1 dynamic RAM
2102 1K x 1 static RAM
4118 1 K x 8 static RAM
Unprogrammed 2708
Unprogrammed 2716
IM6402 UART
2114 1K x 4 Static RAM
8080A

7.50
7.96
7.50
2.25
1.00

12.75
7.50

16.96
4.50
3.96
5.25

CENTRONICS QUICK PRINTER

OUR
PRICE
plus
VAT

EXCLUSIVE £ 1 9 5TO HENRY'S
50% OFF MAKER'S PRICE

for: Software selectable 20, 40 and 80

TANDY, column using 120mm aluminium-
ised paper. 1 roll supplied.

PET, 150 lines per minute.
NASCOM.Centronics parallel data interface for

Nascom, Tandy, etc.
240 volt mains input. ASCII character set
Paper feed, and on/off select switches
'BELL' sinal Weight 10Ibs
Size: 13" x 104" x 4)"
New, boxed and fully guaranteed

POST PAID Price £195.00 + VAT
See COMPUTING TODAY Recommendations

MARCH/MAY ISSUES

RA ASCII keyboard (bulb E49.00 pkw VAT
The ASCII keyboard includes a numeric keypad arid ribbon cable con-
nector. Cabaret available at E20.00 plus VAT.
We have produced a mini -rack which accepts MICROTAN 65 and
TANEX, it has an integral power supply, just plug it into the mains and
away you gol Finished in Bleick/Tangerine/Bnished akiminium, it gives
your mini -system the professional finish. E43.00 plus VAT

fflY6NMEM
LONDON STOCKISTS

Microtan 65 Kit, Inc' VAT £79.35
Microtan 65 Assembled, £90.85

SEND FOR COMPLETE COMPUTER BROCHURE FREEPOST TO ADDRESS BELOW

Tanex (min. con) Kit, inci VAT £49.45
Tanex Assembled Incl. VAT £60.95
Lower case pack. Incl. VAT £10.90
Chunky Graphics Pack, McI.VAi t7.50
20 Way Keypad Inc! VAT £11.50
Mini -mother board Inc! VAT £9.95
Complete Tangerine range available

London Tangerine and National
Nascom Distributor
Export Orders deduct VAT, but add 5% carriage
Official Export & Educational Orders welcome
Our Telex 262284 Mono Ref. 1400 Transonics

ADD VAT
15%

TO YOUR
ORDER
EXCEPT
WHERE
STATED

HENRY'S E7c1=171]
Computer Kit Division

404 Edgware Road, London, W2, England I.E.D
01-402 6822
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PROJECT

SURVIVAL
GAME
A highly addictive but infuriating
game. Escape from the tyranical
machine if you can. Naturally, the
game has sound effects, LED
readouts and a skill level control.

Survival is a small hand-held game in which the
contestant pits his wits against those of the machine.
The machine is a tyrannical device, dedicated to

enslaving you by repeatedly making threatening gestures
towards you (indicated by a brief flash of a LED as the threat
is unleashed). When a threat is made you can either submit,
by doing nothing, or you can defy the tryant by pressing a
JUMP button and trying to escape up a flight of steps
(indicated by a vertical column of ten LEDs).

To escape, you must press the JUMP button only when
the threat LED is on. Each time you make a successful jump,
you move a discrete amount towards the top of the steps and
eventual escape (indicated by a pulsed WIN sound as the top
LED of the column illuminates). If you make a single wrong
move while on the steps, however, the tyrant will instantly
strike you (indicated by a 'bleep' sound) and send you
tumbling back down to the bottom of the steps.
Alternatively, if you submit to the threats (by doing nothing)
the tyrant will slowly lure you down from your perilous
perch.

An Evening's Work
The machine makes a threatening move once every

second or so, but the actual threat lasts for only a fraction of
this time. The game is provided with a SKILL level control,
which enables the threat duration (and thus the escape time)
to be varied from over 200 mS to less than 50 mS. At the
lowest skill level, it is possible to escape from the tyrant in
only four to five successful moves. At the top skill level,
between thirty and forty successful moves are needed to
ensure escape. The escape 'steps' are exponentially weighed,
so that climbing becomes progressively more difficult with
each move.

The SURVIVAL game is designed around three ICs and
three transistors, is reasonably inexpensive to build and is
powered from a single 9 V battery. The project can be built in
one or two evenings.

SKILL

LEVEL

Construction
Construction of this project should present few

problems if the overlay is followed with care. Note that IC3 is
a CMOS device and should be mounted in a suitable socket.

When construction of the PCB is complete you can
either make temporary connections to the eleven LEDs and
the transducer, etc and give the unit a functional check, or
you can dive in and fit the whole shebang in a suitable box
and give the unit a functional check afterwards. If you
decide on the latter approach, note that the unit typically
consumes some 30-40 mA and should ideally be powered
from a PP7 or larger battery, but that our own prototype is in
fact powered (or under -powered!) from a PP3.

It is advisable, before completing the interwiring, to
functionally check the performance of each of the eleven
LEDs used in the unit.

When construction is complete, switch the game on and
check that LED 11 flashes briefly once every second or so
and that the flash duration can be varied by RV1. You can
check the action of C4 and the ten -LED read-out circuit by
temporarily shorting the top of R8 to the positive supply line,
in which case the LEDs in the column should sequentially
illuminate and the WIN alarm (a pulsed tone) should sound
when the upper LED (LED 10) turns on. Finally, remove the
temporary short and press PB1 when LED 11 is off, checking
that the column of LEDs turn off and a brief tone is

generated. Your game is then complete and ready for use.
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220u
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470k
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10k
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220k
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R6
4k7

R4
100R
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100.
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PB1
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LED11
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R8
12k

C4
220u

D2

R9
12OR

R10
330k

R11
10k

R12
470R
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9
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R13
1k2
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LED7
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LED6
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1/4 LED1

-r
01
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Fig.1a. Circuit diagram of the game. Q2,3 collectors connect to the sound effects part of the circuit
(Fig.1b). Press PB1 every time LED 11 flashes on to ascend the ladder of LEDs 1-10.

.ro

NOTE:
D1-4 ARE 1N4148
01 IS BC108
02 & 3 ARE BC212L
ICI IS 555
IC2 IS LM3914N
IC3 IS CD40118
Tx IS AMBIT P02720

PIEZO SOUNDER

Construction of the Survival game is relatively straightforward - PCB in one half of the case, LEDs and controls in the other.
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PROJECT: Survival Game

Fig.1b. The sound effects generator consists
of two gated astable multivibrators. The
game just isn't complete without it.

FROM Q3
COLLECTOR

R14
10k

HOW IT WORKS

FROM 02
COLLECTOR

C6

< R17 10n

68k

The basic operating principle of the game is quite simple. IC1 is a
low frequency (less than 1 Hz) astable; its output switches
alternately between the low (zero) and high (+9 V) states, driving
LED 11 on whenever the output is high. The idea of the game is to
close PB1 whenever LED 11 is on, thereby causing C4 to slowly
charge up via R8, but to ensure that PB1 is open whenever LED 11 is
off, thereby preventing C4 from rapidly discharging via R9 and D2.
The voltage of C4 is monitored by a LED voltmeter (IC2 and ten
LEDs) and the game is won when C4 charges to roughly half supply
voltage (LED 10 on). IC3 is used as a sound effects generator and
produces a brief tone whenever C4 goes into the discharge mode
or a pulsed tone when the game is won.

The operation of the IC1 astable is slightly unusual. Here, C2
alternately charges (LED 11 on) via R1-D1-RV1-R3 in parallel with
R2 and discharges (LED 11 off) via R2 only, thereby producing a
non -symmetrical output waveform in which LED 11 is on for a
shorter period than it is off. The onioff ratio is variable via RV1,
which thus acts as a Skill Level control.

The pin 1 ('ground') terminal of IC1 is taken to the OV line via
the base -emitter junction of Q1, shunted by R4 and C3. Whenever
C4 is inadvertently discharged by closing PB1 at the wrong time,
the capacitor discharges through this junction and turns Q1 on,

thereby causing Q2 to turn on and activate the IC 3c -IC 3d half of
the sound -effects generator circuit.

Capacitor C4 charges slowly in the exponential mode via R8
when PB1 is correctly closed and discharges rapidly via R9 and D2
when PB1 is incorrectly closed. The capacitor discharges very
slowly via R10 when PB1 is open. The C4 voltage is monitored by
LED voltmeter IC2, which drives a line of ten LEDs in the 'dot'
mode. The voltmeter is programmed (via R11) to read full scale
(LED 10 on) when C4 is charged to approximately half supply volts
and is offset by approximately 600 mV via D3. The base -emitter
junction of Q3 is wired in series with LED 10, causing Q3 to turn on
and activate the IC3a-IC 3b half of the sound effects generator
when LED 10 turns on (game won).

The sound effects generator is made up of two gated astable
multivibrators. IC 3c -IC 3d act as a fast (1 kHz or so) astable which
directly drives a piezo transducer or sounder and is gated on via
Q2 collector whenever PB1 is incorrectly closed. 1C3a-IC3b act as
a slow (a few Hertz) astable which is activated via Q3 collector
when LED 10 turns on and pulses the fast astable on and off to
produce a distinctive pulsed -tone GAME WON sound.

The entire circuit is powered from a 9 V battery. The circuit
typically consumes some 30-40 mA, so this battery needs to be a
PP7 or larger size.

PARTS LIST
Resistors all ' I W 5%
R1,11,14,16
R2
R3
R4
R5,6
R7
R8
R9
R10
R12
R13
R15
R17

10k
220k
33k
100R
4k7
820R
12k
120R
330k
470R
1k2
1 MO
68k

Potentiometer
RV1 470k

Capacitors:
C1,4
C2
C 3,5
C6

Semiconductors:
IC1
IC2
IC3
Q1
Q2,3
D1 -D4
LED 1-10
LED 11

Miscellaneous
PB1 momentary push button
SW1 SPST miniature toggle
B1 PP3
Tx1 transducer (See buylines)
Ceramic resonator
Case (See buylines)

220u electrolytic axial
4u7 electrolytic
100n polycarbonate
10n polycarbonate

NES55
LM3914
4011B
BC108
BC212L
1N 4148
TIL 220 or square LEDs
TIL 220 standard red 0.2"

BUYLINES

All components used in the ETI Survival game are common types
and should present no problems.

The case for this project can be obtained from OK Machine &
Tool Ltd. Phone: 0703-610944. Order as Series HP colour tan.

Ambit International are stockists for the transducer.

RV1
RV1

LED11 ANODE
PB1

P131

TRANSDUCER LED10 ANODE

LED1 9 ANODE

0v

TRANSDUCER
LE011 CATHODE

LED2 CATHODE
LED3 CATHODE
LED4 CATHODE
LED5 CATHODE
LED6 CATHODE

LED7 CATHODE
LED8 CATHODE

L ED9 CATHODE
LEDIO CATHODE

Fig.2. Component overlay. Lots o' LED leads to lace up - there's
nothing to it.

ET!
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AUDIO
TEST

AND
EQUIPMENT

RETAIL
MAIL ORDER
EXPORT
ALL PRICES
INCLUDE VAT

CENTRE
Telephone your order with Access and Barclaycards

with order.or send cheque
OD 2(9. 1 --.... -6

LONDON'S TEST GEAR CENTRE
OPEN 6 DAYS A WEEK 9 am -6 pm

HAmEG 44 TRIO  LEADER  SINCLAIR  LASCAR  LEVELL  CSC
Test Equipment now in stock -send large s.a.e.
SCOPES-IUK P /P £2 50 ea )
MN 307-3 10MHz single beam with Component Tester .. 170.00'
MN 312-8 20MHz dual trace .. 257.50
MM 412-4 20MHz sweep delay dual trace . . 402.60
SINCLAIR 10MHz Miniscope P /5 4.00, Nicads 7.95, Case 5.50

. 152.50
PROBES K1 / It1 0 12.95 x1010.50 x18.50 x10016.95

FREQUENCY
COUNTERS

OPTO 7010A 9 digit.
600MHz Portable. 0.1 HZ
Resolution with NICADS .

£152.50
PAPA 60 50MHz 6 digit
pocket counter . 61.00
MAX 100 100MHz 8 digit

DIGITAL MULTIMETERS
D M 235 Sinclair portable 31/2 digit LED

56.50

PD M35 Sinclair Pocket 31/2 digit LED 36.50
0 M350 Sinclair 31/2 digit it

78.50
ith 10 amp rangew 107.950M450 Sinclair 41/2 dig

130Kv Probes 15.95. PI 4.00. DM Nicads 7.95. Cases LBO)
M1200 Bench Portable 31/2 digit LED 'Resolution 1A / 0.1rhy /
0 Olohm . SPECIAL PRICE NOW £59.50
LMM100 Lascar 31/2 digit 2A LCD Bench 0.1% . . 56.55
LM2001 Lwow 31/2 digit 2A LCD Hand 0.1% 51.70
LM200 Lascar 31/2 digit 2A LCD Economy 0.5% 43.40
ME 502 31/2 digit 10e LED plus transistor tester . £43.55

portable counter . . 88.75
MAX 560 550MHz 6 digit
pocket counter ... 106.00
500 MHZ Prescaler for
max 50 or max 100_ 40.00
PFM200 Sinclair 200MHz
Pocket Counter 8 digit 54.50
OPTIONAL P/S 4.00. Con -
vector Pack. PFM200 £9.116
e7211111. 10M Hz 111 Digit
Panel Mounting ... 55.80
c7211111P. 150MHz version

65.25

MULTI -METERS - GENERAL PURPOSE & ELECTRONIC
M,1111 -Range Instruments featuring AC/ DC volts. DC current. Resistance Ranges (TM3 AC volts only), some

with AC current. etc.*
TM11 incredible 120 Range Electronic Multi -meter* 172.60

TM311 AC Micro voltmeter 3MHz >4 Megohm (large scale) 166.75

TM3A AC Micro voltmeter 3MHz >4 Megohm 149.50

360TR 100k /volt* 23 Range (plus transistor checker). Large scale 34.95

7080 20k /volt 26 Range. Large scale 28.95
7081 50k /volt 36 Range Multi -meter. range doubler 19.95

NH55 21u$ 10 Range Multi -meter 8.95

NH55 20k /volt 22 Range Popular Multbrneter 10.95

LT101 tic /volt 12 Range Pocket Multi -meter 5.95
YN36OTR 20k /volt 19 Range Multi -meter plus transistor check 13.95

AT205 50k /volt 21 Range Multi -meter 24.95

ATI 21r1 volt 12 Range Multi -meter Deluxe .
7.95

TMK500 30 / wit 23 Range Multi -meter, with case .. . 22.95

AT1020 20/volt 19 Range Multi -meter with transistor rester Deluxe 16.95

AT2050 50k / volt 18 Range Deluxe Plus transistor checker 28.50
AT210 100k / volt 21 Range Multi -meter Deluxe 29.95

es and a fangs range of replacement Wads in stock

GENERAL EQUIPMENT
5E250 Signal Imector 4.95
TE7 Signal Tracer AF /RF 9.95
SWR50 SWR /Power Meter 13.95
ORSIO 36 Value Resis Box 3.95
RP1240/ 24v 0/ 1 amp P/S Stabilised 42.00
RP324 3 amp version 54.00
RP230N 0/ 30v 0/1 amp. P/S Twin

Meters 85.00
TR1000 Transistor checker in /out circuit 11,95
M011113 Signal mentor.  . 8.65
C3022 Transistor / Diode Checker . . 19.95
3101 Clamp Meter 0/ 1 K ohm 0/150/

300/ 600 AC volts 0/ 300 amp 32.95
SWR40 /9 SWR & FS Meter 10.50
SWRIO SWR Meter 10.95
MS319 2000 Watt Audio Watt Meter 13.95
'500V Megohmeter 500 Megoluns 51.00
'21/2 Amp Variable transformer 21.95

GENERATORS
TGI 52 S11114111. 3Hz 300kHz 5 Ranges
TGI52D 92.00
113152Dm (with meter) 113.55
70200 Senes RC Oscillators Sires/ Square output.
1Hz.1MHz 12 Ranges
T02000 .. 124.20
TI320017nt (with meter) .... . 149.50
TG20013mp (meter & fine control) i

155.25
4001 Digital Pulse Generator 0.5Hs-5MHs .

105.00
2001 Function GeneratorSine /Square
triangle /TTL 56.00
SG2030 (RF) 6 bands 250KHt-300MHz 49.95
8052 PAL VHF /UHF Colour Bar Generator .

250.00
A0761 (Audio) sine 19Hz.220Hz square 19Hz-
InCIKHz 61.00
ARF300 (11F -Audio) I8Hz.200M fit 711.50

PROTO BOARD IN STOCK
KITS PR 6 9.20, PR 100 11.80.
SE ..... ES EXP300 5.95, EXP600
6.50, EXP350 3.45, EXP650 3.95

DRILLS AND DRILL KITS
9 to 12 volt Operated. 1/2" max
SMALL DRILL with collets 7.25
MEDIUM DRILL with 3 collets 10.50
SMALL DRILL with 20 drills/tools 14.95
MEDIUM DRILL with 20 drills/tools 17.95
MAINS Eliminators 9.95
VARIABLE Speed 13.95
12 volt 'A" Heavy Duty Drill 12.50
MAINS DRILL with tool set 21.95

LOGIC PROSES AND MONITORS
LT2000 Economy Probe. 10MHz 5.95
LPA1 Monitor circuit powered .. 33.00
LP1 Probe 10M11, 35.50
LP2 1 5MHz . 20.50
16 Pin IC test clip 1.95

PIEZO HORN
TWEETERS

lip to 100 watts each No x -over
i reqd Only 4.95 each

Flared Horns 6.50
Midrange Flared Horns 9.50

IUK Poet Free)

TV SOUND
High quality TV sound from your Hi -Fix
Simply plug into aerial socket of your FM
Inner £8.50 (UK P&P 50p).

SPECIAL BULK PURCHASE
GEC 10+10 will
loser Amplifir

MW LW. SW Sinn FII. SspHied
(tin my le cowl sellsC21.95

PAP f 1.50

-sk

IN STOCK NOW
Large range of

speakers and kits.
public address

equipment,

TM 1 1
TMK500

CALL IN AND SEE
FOR YOURSELF

microphones, misers,
security systems.
intercomms, ham
equipment. See

catakigue TRa
PRICES

AUDIO
301 EDGWARE
01-724

CORRECT

3564.

AT 1/

ELECTRONICS
RD.,
OPEN

7/80

LONDON
9-6,

W2
MON-SAT.

CATALOGUE
sEt,iti st AtIED

1 BN
ADDRESS

I'S NNI/ELOPE

Forguil Cori N"

ALSO AT 248 TOTTENHAM COURT ROAD. W.1.

GREENWELD
443A Millbrook Road Southampton SO1 OHX
All prices include VAT @ 15% - just add 40p post

HAVE YOU GOT YOUR
COPY OF THE

AMAZING GREENWELD
CATALOGUE YET????

WHY NOT?? - LOOK AT ALL
THESE FEATURES:

 60p Discount Vouchers
* Quantity Prices for bulk buyers
 Bargain List Supplement
 Reply paid envelope
 Priority Order Form
* VAT inclusive prices
Also included is the NEW VERO catalogue.
normally 40p on its own.
ALL THIS FOR JUST 40p + 35p postIll
Can you resist such an offer7777

SLIDER POT SCOOP!!!
Made by Piher. types PL40CP & PL60C
prices for superb goods!,
PL40CP - 69x 16 X 9mm. 40mm slide length
2209, 2k2 or 10k hn only Prices (any mix) 1-24
20p; 25.9917p; 100+ 14p.
PL60C - 84 x 10x 7rnm. 60mm slide length 5k
10k, 22k and 100k log. only Prices (any my,
1.24 25p; 25.9922p; 100* 17p.

BUZZERS. MOTORS
& RELAYS

2401 Powerful 6V DC buzzer. all metal construc-
tion 50mm die x2Ornin 70p.
Z402 Miniature type buzzer. 6. 9 or 12V only
22 x 15 X 16mrn Very neat 53p
Z450 Miniature 6V DC motor, high quality type
32mm die x 25mm high. with 12rnm spindle
Only El.
A372 Audible Warning device - solid state circuit
drives high efficiency transducer to give high
output Voltage reqd 4-18V Can also be driven
direct from TTL or CMOS Module size
45x21 x 12mm Comprehensive data supplied
E1.50
W892 Heavy Duty 12V relay. ideal for car use -
single 154 make contact Coil 25R in sealed metal
can with mounting bracket 85p.
W890 OIL Reed relay SPCO 2.4-10V 2009 coil
Only £2.20.
FSRA60 relay 2 x 10A contacts. 1M 18 Coil is
250R. and rated 60V ac. but works on 12-24 DC
Solid Encapsulation with screw terminals makes it
ideal for car use £1.20.

REGULATED PSU PANEL
Exclusive Greenweld design - better spec than
anything on the market being offered at the price
Panel 110 x82 x 33rnm high contains all com
ponents including bridge rectifier and smoothing
capacitor. Ready built and tested - lust add a 30V
2A transformer and two pots for a fully variable
voltage and current supply.

SPEC Output voltage 0.26V
Output current 2OrnA-2A
Source Impedance OR 1
Open circuit ripple 10mV

Send SAE for lull details of the many ways this
useful module can be used. together with price list
of parts for various options Only E6.75

TRANSISTOR PACK K516
Take advantage of this unbelievable offer.
Small signal NPN PN P transistors in plastic
package at an incredibly low low price. Almost all
are marked with type number - almost all are lull
spec devices Some have bent leads Over 30
different types have been pond by us including
8C184 /212/238 / 307,328, 8E196. 7.
ZTX107 8 /9 /3421450 '550 etc. Only avail-
able as a mixed pack at E3 per 100 E7 per 250.
E25 per 1000

BUY A COMPLETE RANGE OF
COMPONENTS AND THESE
PACKS WILL HELP YOU

ALL PACKS CONTAIN FULL SPEC BRAND NEW
MARKED DEVICES - SENT BY RETURN OF
POST. VAT INCLUSIVE PRICES

K001 50V ceramic plate capacitors 10 of
each value 22pF to 1 000pF total 210 £3.59.
6002 Extended range 22pF to 0 1 v F 330 values
£5.53.
6003 Polyester capacitors 10 each of these
values 001 0015, 0022.0033.0 047
0 068 0 1 0 15 0 22 033 0474 110
altogether for E5.07.
K004 Mylar capacitors min 100V type 10 each
all values from 1 000pF to 10 000pF Total 130
for £4.05.
1(007. Electrolytic capacitors 25V working small
physical size 10 each of these popular values 1.
2 2.4 7 10 22 47 100F Total 70 for £3.55.
6005 Extended range as above also including
220, 470 and 1000F Total of 100 for £6.05.
K021 Miniature carbon film 5ad resistors CR25 or
similar 10 of each value from 109 to 1M E12
series Total 610 resistors £6.15.
K022 Extended range Total 850 resistors from
1R to 10M £6.50.
6041 Zener diodes 400mW 5, BZY88 etc 10
of each value Iron) 2 7V io 36V E24 series Total
280 for E16.37.

TM4030 RAM
4096 bit dynamic RAM with 300ns access time
470ns cycle time single low capacitance high
level clock I' p lolly TTL compatible low power
dissipation Supplied with data E2.75.

COMPONENT PANELS
Z525 Contains 11 800mA 60V 2N5061 SCRs,
11 6V8 zeners. 11 1N4004 diodes plus Rs Cs.
etc Only El.
74 Series ICs - Gates and complex logic 20 asstd
ICs on panels El; 100 ICs E4.
2527 2 x 6V reed relays 6x25030 of 25230.
6 /t 400V rents, plus Rs Only 50p.
Z531-Trimpot Pack - Ex -computer panels with 20
mixed value multi -turn types £1.00.

VEROCASE SALE!!!
Only one size left now - these have sold
very fast - if you want a Vz price case like
75-3008, only in GREEN, order one now!!
21051 180 x 120x 85mm E2.30.

P.C. ETCHING KIT Mk IV
The best value in etching kits on the market -
contains 100 us ins copper clad board, I lb Ferric
Chloride. Etch resist pen, abrasive cleaner. tw,

mature drill hits etching dish and instructions
All for E4.95.

BULK SUPPLIES
All new full spec. devices. Prices ere for a
minimum of 100 of any oe device and
xclude VAT, which must be added at 15%.
Minimum order value from this section is
E 1 0 -4. VAT +post. VAT receipt on request.

RESISTORS
i4W 5% carbon film 1R -10M (10% over

1M). all £6.00 /1,000.
The following values only at £3.60/ 1,000 per
value 4117. 882. 18R. 398. 568. 2209, 1k. 4k7.
18k, 33k, 39k, 47k, 2203901), 560k. 680k,

MIN. PRESETS
miniature type. open construction. All

values from 1009 to 1M, vertical or horizontal
mounting. All at .042.
The following values only at .03 470RV, 4708H.
500RH, lkH, 1k5H, 2kV. 2k2H. 2k5H. 4k7H
Also some Piller enclosed type at .042. 150RV.
200RH. 2kV.

POTS
5k lin, 100k lin, 220k lira 5004 log. I M lie All
with std bush and spindle .14.

ELECTROLYTIC CAPS
2 7/25 9 .028 47/638 .046

.032 100/63A .0204272,/sigAR

.022 100/35 PC .035
4.7/25R
4.7/5011

.028 220/16 A .055

10/16R
.034 220/25 R .065
.030 220/70A .075

10/259 .032 330/50A .075
10/25 RPC .022 330/100A .085
10/25 A
10/50 A

.035 470/16 R .060

.040 470/100 RC .150
1000/40 A .230
1000/63A .2801105//4""0 AR :0°4320

22/109 .021 2200/10A .080
22/25A .025 2200/25A .280
22/259 .027 2700/40 RC .350
22/63A .040 3300/10A .090
33/16A .022 3300/25A .180
47/6A .015 4700/10 A .100
47/25A

47/40A

.032 4700/25 RC .250
47/359 .035 700/

"C.5305.046
4 0,0000A,5

RC .250
radial leads R PC -short radial

A ,beal leads leads for PC mounting
RC -tag ended can

POLYESTER CAPS

01 400V 0296

.0254.025

015 250V 0280 .025
.022 400V

Advance .025068 250V
22 250V
22 250V AdvanceC28.035.035
22 100V .035
47 2500 C280 .06
47 160V C296 .04
10 250V 0280 .055
I 5 63V Filmcap .065
2 2 160V Filmcap .096

3 3 1100V0

Wima MKS .15
4 7 00 .195

W

4 7 1000 .235
68 1000

WPOLYSTYRENE CAPS TANT

MKSMKS .285

TANT BEADS
22pF 125V 5% E11,1000 1 5/35 .06
27pF 125V 5% E5/1000 3 3/25 .08
1500pF 125V 10% £14/1000 10/25 .15
8200pF 125V 10% E18/1000

MINIATURE CERAMIC CAPS
Thompson/CSF miniature type in the following
values
3 9pF, 4 7pF, 22pF. 33pF, 47pF, 47pF. 68pF
82pF. 100pF, 560pr. 2700pFT All
' 10%. 520%
Prices up to 82pF

Ell 1000100pF
2567000pFpf

Samples on request (sae please)
£911000

E7/ 1000
Mullard min ceramics

EU 1000
33pF 5% 1000
330pF 2. 1000
3300pF 10% 1000 £13/1000
Stettner min ceramics
330pF 5% 63V C7/1000
022uF 63V £1411000

Lernco 047tiF 630 £1611000

SEMICONDUCTORS
741 .12, 555 .19 7401 .08 7405 .09. 74L74
.21 4001 .17, 4011 .17 Si signal diodes like
154148 by TI on bandoliered reels of 10k £50 11 k
E10). 1144002 £25,1, IN4006 E3414 154007
E36 /k Ge signal diode DK14 E20/k. SCRs
2P4M (C106014A 4000 .26. 2N5060 8A 30V
.15 CR201 16 2005 .11.
See last month's advt for transistors send sae for
latest bulk buyers list
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If you need a little vice - consult the

VICE SQUAD
DREMEL D -VICE

2214. Bench mounting screw down
Base - multi position vice 2 i" jaw
opening.

2218. Handy clamp available for con-
verting 2214 to completely portable tool
for easy attachment to bench or table
top

2221. Combination vice and clamp.

VACU-VICE
Vacuum Base ensures instant easy hold
and release on smooth non -porous sur-
faces.
Models 300 & 400 have full 3" jaw
opening and include rubber slide on jaws
for handling delicate work.

PROFESSIONAL TOOLS for the workshop home laboratory Or fin she rise
Literature and prices on request

Special Products Distributors Limited
(Dept. ETI) 81 Piccadilly, London W1V OHL

Tel 01-629 9556 Cables: Specirod, London W1
Telex. 265200 (Answerback RACEN)

SAFGAN ST -45
High -quality low-cost single trace
Oscilloscope that is simply -
SUPERIOR. Compare us and see.

Price at £137"
 10mv/div  5MHz  BRITISH

 ONE YEAR GUARANTEE
TRIGGER
Internal 0.5 div (20Hz 2MHz) 1 div
(2MHz-5MHz)
External 100my (20Hz-2MHz). 200mv
(2MHz-5MHz)
Bright Line Auto
Trace free runs in absence of signal
Trigger Level selects triggering point
Trigger ( + )ve and (-)ve slope selection

FRONT PANEL
Black -Silver -White -ST -45-S The Silver
Scope
Black -Gold -White -ST -45-G. The Gold Scope.

GENERAL
Blue display graticule ruled 8 x 10 div
(6.4cm x 8cm).
Power consumption 10VA approx
Mains selection 200v -220V -240V rms
(40Hz-60Hz).
Size H. 215mm: W, 165mm, D. 280mm
Weight 10Ibs 4 5kg approx.
Case aluminium with black pvc finish and
black handle, scratch -resist front panel,
black control knobs, black feet and tilt bar.

Safgan Electronics Ltd.
56 Bishops Wood, St. Johns
Woking, Surrey. GU1 3QB

ST -45 SPECIFICATION
VERTICAL SYSTEM
Sensitivity 10mv/div 5v idly in 9 cal steps
Bandwidth (3d13)
DC Coupled DC 5MHz
AC Coupled 5Hz-5MHz
Risetime 700sec.
Input Impedance 1 MO + 22 PF approx. (for
all ranges 500 for 10my /thy
Input Coupling AC CND DC
Input volts. 400V max
Accuracy + 5%

HORIZONTAL SYSTEM
Time base speeds
50ms/div 1psec/div in 15 cal. steps with
X5 Multiplier to 250msec/div and X5
Expansion to 200nsec /dn.
External -X sensitivity 1v / div
External -X Bandwidth 500KHz
Accuracy + 5%

ACCESSORIES
Passive Probe switched (X1 REF x 101
100MHz bandwidth £11.50 + VAT
BNC to 4mm Socket Adaptor £2.95 VAT

ORDERS TO: SAFGAN ELECTRONICS
LTD.
56 Bishops Wood, St. Johns, Woking
Surrey GU21 3QB or Tel: Woking 66836
Please send me ST 45

I enclose PO/Cheque

Name

Address

- Es VAT UK

Educaoonai and Government
Institutions other& orders

accepted

Probe Adaptor

(Goods + 15% VAT + E3 00 p&p)

A80 ETI

At°Itt
ICS have

helped thousands
T of ambitious people

to move up into higher paid
more secure jobs in the field of

electronics - now it can be your turn.
Whether you are a newcomer to the field

or already working in the industry. ICS can
provide you with the specialised training so essential

to success.

Personal Tuition and Guaranteed Success

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

City and Guilds Certificates

Excellent lob prospects await those who hold one of these
recognised certificates. ICS can coach you for:

Telecommunications Technicians
Radio, T.V. Electronics Technicians
Radio Amateurs
Electrical Installation Work

Diploma Courses

Colour T.V. Servicing
CCTV Engineering
Electronic Engineering & Maintenance
Computer Engineering and Programming
Radio, T.V. and Audio, Engineering & Servicing
Electrical Engineering, Installations & Contracting

Other Career Courses

A wide range of other technical and professional courses
are available including GCE.

Name

Post this coupon or 'phone today for free
ICS careers guide in Electronics

Address

Age
To ICS, Dept. Y265, Intertext House,
London SW8 4UJ
or -telephone: 01-622 9911
(all hours)

ETI SEPTEMBER 1980
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ELECTRO
FOR COMPONENTS

,..

ALUE
THAT COUNT

SIEMENS NASCOM VERO
SEMI -CONDUCTOR

CAPACITORS
FERRITES

MICRO COMPUTERS BOARDS
AND CASES &

ANCILLARIES KITS

RADIOHM BREADBOARDS

_ISKRA POTENTIOMETERS SOLDER TOOLS
RESISTORS

OPTO-ELECTRONICS SWITCHES CATALOGUE 10

ALL GOOD PROJECTS START WITH CATALOGUE 10
IT'S FREE FOR THE ASKING

128 pages packed with almost everything everyone wants. There are attractive discounts
and free postage in UK on orders £5.75 and upwards.

ELECTROVALUE LTD. HEAD OFFICE (Moil Orders)
28(H) St. Judes Road, Englefield Green, Egham, Surrey TW20 OHB. Phone. Egham

33603 Telex 264475.
NORTHERN BRANCH (Personal Shoppers Only)
680 Burnage Lane. Burnage. Manchester M19 1 NA Phone (061) 432 4945

BOMB PROOF
POWER!

The WINTON is still the OUTSTANDING KIT ACHIEVE-
MENT of the decade. Using POWER MOS-FETs in the OUTPUT
STAGE it provides 50 + 50 WATTS at less than 01.% distortion
over the whole audio band.

The Power MOS-FETs we use are practically 'Bomb Proof' without
the need for distortion introducing protection devices, or as some
coyly name them "Thermal Overload Cutouts." Our MOS-FETs
don't suffer from thermal runaway or secondary breakdown as
ordinary transistors do.

Requiring around twenty hours to build you finish up with an
amplifier which is equal to, or better than ready -built designs
costing upwards of £600, and you have the enormous satisfaction
of having built it yourself.

A 1 2p stamp will bring you the full details or better still, send your
cheque for the best amplifier kit around. POWER MOS-FETs RULE,
O.K.

COMPLETE KIT of all parts necessary to build the P W WINTON
£133.50

Order with complete confidence (C W 0. only please) from
T. & T. ELECTRONICS (Dept. E)

Green Hayes, Surlingham Lane, Rockland St. Mary
Norwich NR14 7HH. Telephone 05088 632

PRICE INCLUSIVE OF V.A.T. & CARRIAGE
Callers by appointment only

STEVENSON
Electronic Components

wow

4
ilectoner,'c

r of 1IP°11
and

much more.

AT LAST! OUR NEW 1980/81 CAT-
ALOGUE IS NOW AVAILABLE.
Our new catalogue is lust packed with components.
It contains 100 illustrated pages detailing over 3000
line items. These include:
Amplifier modules Connectors Meters

Books Desoldenng tools Nocad cells
Breadboards Drills Op.amps
Cabinets Etchingequipment Rams
Cables Heatsinks Resistors
Capacitors IC sockets Switches
CMOS Knobs Tools
Crossovers Mains Transformers Tpacs

Included with our catalogue you will receive:
 a reply paid envelope for your first order.
a mail order form to facilitate rapid despatch
a 50p discount voucher to be used against mail order

purchases over £10.00.
Available now by post from the address below at a cost of 50p

TRANSISTORS

AC127
AC128
AD161
AD162
BC107
BC108
BC109
BC147
BC178
BC182
BC182L
BC184
BC184L
BC212
BC212L
BC214
5C21412

25p
25p
40p
40p
10p
10p
10p
9p

16p
10p
10p
10p
10p
10p
1 OP

10p
10P

BC547
BCY71
80131
BD132
8D139
BD140
BF X29
BF X84
BF Y50
BF Y51
MJ2955
TIP29C

BP
18p
35p
35p
35p
35p
25p
26p
23p
23p
98p
60p

TIP30C
TIP2955
TIP3055
ZTX107
ZTX 108
ZTX 109
ZTX300
ZTX500
2N3053
2N3055
2N3702
2143703
2143704
2143819
2143905
2145777

DIODES
1N914 rte 1144148
1144001 411 1N4002
1N4006 7p 1N5401
BZY88 series 8p each

700
65p
60p
12p
12p
12p
14p
15p
25p
55p

9p
9p
90

22p
10P
50p

31,

Sp
14o

Due to stock and administrative problems over the last few months,
the quality of our service had suffered considerably. These problems
have now been resolved and we are confident that we can now offer
the quality of service we had been accostomed to. We wish to convey
our apologies to any customers who have been inconvenienced.

All prices include VAT Please add
50p carriage on orders below El 5.
Contact our sales office with your

,aquirements on 01-464 5770

11. write hwy.,

ovvo
0 125in 0.2in.

Red TIL209 TIL220 101,
Green TIL211 TIL221 161'

Yellow TIL213 TIL223 160
Clips 3p 3p
DISPLAYS
DL704 0.3in CC 1300
DL707 0.3m CA 130p
F N0500 05w CA 100p

LINEAR
/41 18p
/47 70p
/48 400
/106 850p
A3046 70p

CA3080 75p
CA3130 100p
r.A3140 60p

0347 170p
F351 45p

i F353 90p
I F356 95p
M301A 300
M318 85p'

LM324 52p
LM339 55p
LM348 100()
LM377 170p
LM378 230p
L M380 80p
LM381 1400
L M382 120()
LM386 90p
LM3B7 120p
LM1458 40P
LM1830 1800

A_ M3900 60p
LM3909 72p
LM3911 120p
LM3914 3200
LM3915320P

MM57160 6500
NE531 140i
NE555 7,',
NE556
NE567
RC4136
SN76477 23U,
TBA800 80,
TBA810 1100
T DA1022 6300
T L081 45p
TL082 85p
TL084 125p
XR2206 390p
ZN414 80p
ZN425E 475p

PACKS
Specially designed packs intend
eif for development work at .1

considerable saying
Lrey resistors 10 of each value 4 7ohrn to I M0h1/1
a total of 650 resistors 5300 each

tesisters 10 of each vain.. 4 7phrn , 1 Mob,
a total of 650 resistors 8 /5;1 each

Presets Pack of 5 of each veer. reir 100,1-11..
1 Megohm a total of 65 pia..,
LED's Pack containing 10 ri.
0.2 ripe Total of 30 Led',
Zeners Pack of 5 of each value 1 r orn 2t
A total of 130 revers 080i.

CMOS
4025
4026

25p
150p

4072
4081

25p
30p

4027 50p 4082 30p
4028 90p 4085 850

4001 25p 4029 110p 4093 80p
4002 250 4040 110p 4095 110P

4006 95p 4042 85p 4510 90p
4007 25p 4046 110p 4511 100p

4011 300 4048 60p 4518 90p
4013 450 4049 50p 4520 110p

4015 85p 4050 50p 4577 165p

4016 48p 4052 80p 4528 100p
4017 80p 4060 1200 4532 125p
4018 90p 4066 63p 4543 170p

4020 110p 4068 25p 4583 80p
4022 100p 4069 25p 4585 115p
4023 250 4070 25p
4024 600 4071 25p

sias Low Profile
Texas

8 pin 9p 22pin 20P
14pin lip 24pal 22P
16pin 12,3 28pan 261,

40p.n 38p

svintNES

Sianitanl SPST 40p OPDT 55p
IVII,ature SPOT 80P DPDT 90p
SubraLreatureSPST 65p DPDT 85P

SLIDE Standard °PDT I /I) M111.,Iturel6p each.

PUSH Push to make 16p Push to break 22P

7447 650 /4123 50p
7448 650 74125 600
/472 35, 74126 600
74 73 38p 14132 70p

7400 15P 7474 36p 74141 95p
7401 15p /475 401, 74145 90p
7402 1511 74 76 40p 74150 120p
7404 16P 7483 80p 74154 10p
7406 380 7485 80p 74157 800
7408 770 7486 35p /4164 120p

7410 180 7490 45p 74165 1201,

1413 35p 7492 55p 741 /4 100p
7414 560 7493 45p 741 75 95p
/420 160 7494 70p 74190 100p
7427 30p 7495 70p 74191 100r
/430 30p /496 10p 74192 100p
7432 351, 74121 450 /4,96 1000

76 College Road, Bromley, Kent BR11DE.
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PROJECT

ENVELOPE
SHAPER 1
Is it Mantovani or a Project
80 synthesiser? You can't tell
the difference with this VCES

designed by R.C. Blakey

Conventional ADSR envelope generators are
adequate for most practical purposes since they are
capable of providing a reasonable simulation of the

amplitude envelopes of many musical instruments. The
Project 80 Voltage Controlled Envelope Shaper (VCES) is
provided for those who wish to obtain more realistic
simulation or to obtain dynamic control over envelope
shape. It is also a useful tool for innovative synthesis. The
design incorporates the following features; bending of the
standard exponential attack, decay and release curves to
other shapes; alteration of attack, decay and release times by
an external voltage thus allowing the envelope to be altered
in proportion to the note played; the use of non linear sustain;
built-in timer for re -triggering to create dual peak envelopes
and also the generation of a delayed AD envelope.

Design and Application
The VCES is based on the CEM 3310 Voltage Controlled

Envelope Generator produced by Curtis E lectromusic
Specialties. While it is well suited for use as a conventional
ADSR envelope generator for both monophonic and
polyphonic synthesisers the facilities provided on chip also
make it ideal for configuring a complex envelope generator.
The attack (A), decay (D), and release (R) parameters have a
scale sensivity of 60 mV/decade (18 mV/octave)while sustain
level (S) is linearly proportional to the voltage applied to pin
9. To facilitate generation of complex shapes each of the
four inputs has been buffered by an op amp configured as a
summer and our standard 0 to +10 V control voltages allow
the A,D and R times to be varied from 2 mS to greater than 20
S. Likewise for the sustain input a voltage of 0 to +10 V

,varies the sustain level from 0 to 100% of the peak attack
voltage which has also been normalised to +10 V.

The A, D and R responses follow an exponential curve.
These characteristic curves may easily be altered in this
design by taking a proportion of the output from the module
and feeding it back to the appropriate input for the attack
curve. The greater the amount of feedback the more convex
the response and, althoUgh the overall time constant will
increase, this may be adjusted over a wide range with the
manual control provided. If the output is inverted prior to
feedback then the attack curve will become concave in
shape. Some of these curves are closer approximations to

conventional instruments while others offer some novel
responses. The shape of the decay curve, or the release
curve, may be similarly altered and thus the VCES offers
virtually unlimited scope for generation of envelope shapes.
The use of low frequency waveforms to modify the time
constants is also practical but setting up to obtain useful
results is quite time consuming. Two attenuators, with or
without inversion, are provided and the 80-5 Processor
module may be used for distribution and attenuation when
more complex patching is required.

Ihl ASING POSITIVE Et OBACX Icl INCREASING NEGATIVE

Fig.1. The effect of feedback on the attack response.

Tremolo
The sustain level also has provision for external control

and one application is to apply a low frequency waveform to
this input in combination with an attenuator and perhaps the
manual control to produce a varying sustain. If this envelope
is now used to control a VCA the effect is a tremelo only
during the sustain part of the note. In the design both the
upper and lower levels of the sustain control have been
clamped for protection.

Another application for voltage control of envelope
shape is the automatic alteration of the time constants or
sustain level while the instrument is being played.

Time and Time Again
A simple timer has been incorporated in the design

which allows re -triggering, or initial trigger delay, for periods
up to about 2.5 S. The effect of re -triggering is to produce an
envelope with two peaks, which is a transient effect
exhibited by a number of conventional instruments. Often,
however, as such instruments reach their peak output the

.411110.-
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The attack, decay and release control inputs (pins 15, 12 and 13
respectively) have a control sensitivity of 18 mVloctave and a
10k1470R attenuating network is place ahead of these inputs. The
time constants of the attack, decay and release curves
are determined by RxCx times the exponential multiplier, exp.
(- Vc/Vr); where Rx is R31 plus part of PR1; Cx = C12; Vc = the
control voltage at the appropriate pin; and Vr = kTlq. The values of
Rx and Cx have been chosen to minimise errors and to retain the
very low voltage feedthrough which is a feature of the CEM 3310.
With the values used an increasing negative voltage at the
10k1470R attenuator will increase the time constant and a voltage
from 0 to about - 5V6 will give a range of 2 mS to 20 S for each
time control input. To obtain both external and manual control of
the time constants an inverting summer with a nominal gain of 0.62
has been placed ahead of the attenuating resistors; in the case of
the attack control, using IC2a and associated resistors R6 to R9
ahead of attenuator R10/1211. Thus increasing positive voltages up
to +10 V will now give the same control range. R7,8 are for
external control voltages while RV2 via R6 provides manual
control over the same range. R8 is connected with R14 (release
control) and R20 (decay control) such that an external voltage
applied to R8 will simultaneously change all three time constants.

Sustain level on the CEM 3310 is determined by the voltage at
pin 9 and a voltage from 0 to +5 V will change the sustain level
from 0 to 100% of the peak attack voltage. To obtain both manual
and external control of sustain and retain the control polarity this
input is preceded by IC3a and IC3b configured as two inverting
summers with an overall gain of 0.5. Thus 0 to + 10 V at R25 will
produce the 0 to 100% sustain level control. Manual control is
obtained with RV5 and R24. If the sustain voltage were to exceed
the peak attack to 100% sustain level control. Manual control is
obtained with RV5 and R24. If the sustain voltage were to exceed
the peak attack voltage then the envelope will ramp up to this
higher voltage level with undesirable results. Pin 3 of the CEM 3310
outputs the peak attack voltage and so the sustain level and pin 3
are connected to IC 3c arranged as a precision peak follower to
prevent the aforementioned situation.

The output buffer within the CEM 3310 (pin 2) has adequate
drive capability for most applications but in this design it may be
used to drive several inputs and overloading of the buffer will
result in a loss of performance. The internal buffer has been by-
passed by IC 5a and the output increased to the Project 80 standard
of + 10 V by a non inverting amplifier, IC5b, which has a gain of
two.

The attack output pin (pin 2) provides a voltage of between
- OV4 and - 1V2 only during the attack phase to provide a
visual indication of the attack phase using LED 1. Pin 16 is
connected to IC6a arranged as a comparator. IC6b is also a
comparator and will turn on LED 2 when a gate voltage is present.

The CEM 3310 requires both gate and trigger pulses to
generate an ADSR envelope. The 80-10 module is designed to
operate with a gate voltage of + 5 V and the trigger is generated by
differentiating the gate pulse using C8 and R4 which is then
applied to pin 5 via C11 (SW1 closed). To obtain the re -triggering
and delay facilities IC1a and IC 1b are used to form a monostable.
The time delay is determined by the charging time of C9 via RV1
and when the voltage on C9 exceeds the threshold voltage of IC lb
its output will go low and reset the monostable. IC1c is used to
generate a second trigger pulse whose short duration is
determined by the time required to charge up C10, to the threshold
voltage level, via R5. With SW1 closed two trigger pulses are
therefore generated when RV1 provides sufficient resistance to
produce a noticeable delay. With SW1 open only the delayed
trigger pulse is presented to pin 5 of IC4, which will allow it to
operate in an AD mode.

To operate the CEM 3310 from 15 V supplies it is necessary
to place a series current limiting resistor on the negative supply
line to pin 6. The value of R20 has been chosen to comply with the
general equation REE (VEE - 7.2)10.010. For the timer a nominal
+5 V is derived from the voltage divider formed by R1,2 since
power supply to IC1 is not critical. These latter components may
be changed to suit other gate voltages.
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PROJECT: Envelope Shaper

sound alters due to the presence of noise and complex
waveforms in the transient. A better simulation of this effect
is obtained by using two envelope generators, two sound
sources, a dual VCA and mixing the outputs from the latter
together. In this example the VCES timer is in the delay mode
and will initiate an AD envelope when the trigger occurs. It
should be noted that only AD envelopes are practical in the
delay mode since if the sustain level is above zero the
voltage will ramp up to the set level when the gate pulse is
received.

GATE

TRIGGER
VCES I

TRIGGER
VCES

Fig.4. Patch for obtaining realistic transient effects.

Construction
In common with other Project 80 modules the Voltage

Controlled Envelope Shaper may be panel mounted or
installed in a Teka Alba A23G case. The latter, however, does
not have sufficient panel area to neatly accommodate all of
the facilities piovided. In the cased module illustrated we
have omitted the two inverters and controls RV6 and RV7.

The panel markings for the inverters are -, + and Al (or
A2) with the latter being associated with the attenuating
potentiometer RV6 (or RV7). Taking Inverter 1 as the
example: R35 is wired to the jack socket marked - at the
connection which makes contact with the jack plug; the
output of the inverter (R37) is wired to the jack socket
marked + but to the connection disabled when a jack plug is
inserted, whereas the other connection on this socket is
wired to RV6; finally the wiper of RV6 is wired to the make
connection on the Al jack socket. This allows a jack plug into
the - socket to access the inverter and the output is
obtained at Al, with attenuation when required. For non -
inverted voltages which require attenuation these are
obtained via the + socket with the output at Al.

One external control of attack, decay and release times
is commoned and accessed on the PCB at R8. This allows all
three time constants to be altered simultaneously and is
connected to jack socket marked TC, denoting time
constants. If required, however, the constructor may obtain
two independent controls for each time constant by cutting
the PCB tracks that join up the inputs of R8, R14 and R20. PCB
connections are provided at R14 and R20 to cater for this
modification.

The module may be manually gated by connecting a
push -to -make switch from the +5 V line to the gate input.

Calibration and Testing
The attack, decay and release manual controls pre

numbered 0-10 for reference purposes since once external
voltages are applied a time calibration becomes
meaningless.

Tackle the control wiring methodically, otherwise you're in for a case of
the wiring jungles.

PR1 allows more than one module to have the same time
constants for a given input voltage. For precise calibration a
triggered timing device is required but in most instances the
following technique is adequate. Set PR1 to mid -position and
connect a voltmeter between ground and the junction of R6
and R9. Turn RV2 until a voltage of - 5V6 is obtained. Set all
other control pots to zero. Gate the module manually and
time the attack time as shown by the attack LED being on.
The manual push button is held down until the LED goes off.
Gate the unit several times to allow all components to
stabilise for this long attack time and then commence
adjusting PR1 to give an attack time of 20 S.

Note that the gate LED is only on while the manual
button is depressed. Next set the attack time for a short
duration, switch to re -trigger mode, turn RV1 fully clockwise
and manually gate the module and keep push button held
down until the test is complete. The attack LED should come
on when the button is first depressed and again about 2.5 S
later when the unit re -triggers. Keep settings the same but put
the switch into delay mode. In this test the attack LED should
come on about 2.5 S after manually gating the unit. Finally
connect the output to a VCO which is in turn connected to an

'audio amplifier and set the attack, decay, sustain and release
controls to about mid -position. Gate the module and release
the push-button when a steady note is obtained. The test is a
simple means of checking that the A,D,S and R functions are
all operational. The functioning of the inverters may also be
checked in the same way by putting the output from the
VCES through the inverters without attenuation prior to the
VCO. In this test the envelope will be inverted,. that is, the
frequency starting high, decreasing, holding steady and then
finally going high again.

BUYLINES
An 80-10 Voltage Controlled Envelope Shaper module kit (PCB
plus components) is available for the inclusive price of £19.20 from
Digisound Limited,13 The Brooklands, Wrea Green, Preston, Lancs.
PR4 2NQ.
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CALCULATORS
ALL EQUIPMENT FULLY GUARANTEED

so order with confidence and PAY NO MORE

PROGAM MABLE CALCULATORS
FX 501 P 10+2 digit, 128 step. 11 memories

. E43.43
ID- FX 502P 10+2 digit. 256 step, 22 memories £60.83

FA1 Adaptor cassette interface £17.35
MASTERPACK 150+ programmes on tape with manual
FX301P + FA1 + Masterpack
FX502P FA1 Masterpack

 TEXAS 7151-111 32 step 10 memory E25.17
TEXAS 7153 Lcd 32 step constant memory E22.57
TEXAS 7157 50 step 8 memory £23.44
'TEXAS TI58 480 step 60 memory £58.22

1111 iM 01
L_

10 'TEXAS T158C es above with prog retention
'TEXAS T159 960 step 100 memory nag card

£73.87
E150.39

TEXAS PC100C Printer for 58/ 58C/ 59 £136.48
TEXAS PC100C IF ORDERED WITH 58/ 58C / 59 E130.39
'INCLUDES - rechargeable battery pack /adaptor z charger

PROGRAMME LIBRARIES FOR TI58/ 511C /59

MATHS/UTILITIES. APPLIED STATS. ELECTRICAL ENGINEERING £22.57LEISURE E33.00
SURVEYING. STRUCTURAL ENGINEERING £54.74PC 1000 PAPER ROLLS 10 OFF £19.09
BATTERY PACKS state model or BP number £8.04

SCIENTIFICS 5 DIGIT Lcd SCIENTIFIC{ 10 DIGIT Led
CASIO FX68 £16.48 CASIO FX100 E13.00
CASIO FX81 £11.26 CASIO FX510 £16.48
CASIO FX330 E13.87 CASIO FX3200 £18.22
CASIO FX2600 E16.48 CASIO FX5000 10 MEM £24.30
CASIO FX7100 E20.83 SHARP EL5806 (8+2) £15.61
SHARP EL 503 El 1 .26 SHARP EL5808113-4 2) E13.87
TEXAS T125 or T135 E16.48 SHARP EL581 2 E16.48
TEXAS T150 E19.96 NATIONAL NS 108 £15.61
-TEXAS 7142 M B A 32 step 12 memory finance slats £35.61
'TEXAS TI PROGRAMMER £43.43
TEXAS T144 Lcd constant memory statistical E25.17
TEXAS LITTLE PROFESSOR £11.26
TEXAS DATAMAN E17.35
TEXAS SPEAK AND SPELL E38.22

CLOCK CALCULATORS
CASIO MI36 micro card watch in leather case E17.35
CASIO PM, hourly chime /Warm £13.00

CASIO ML71 card version of ML81 with 1 alarm E19.09
CASIO A01500 day /date z stopwatch £13.97
CASIO A02200 hourly chime / alarm /calendar ..stopwatch £17.35
CASIO ME112 card version of above E17.35CASIO L90 new 12 pre-programmed tunes E17.35
TELEPHONE ANSWERING MACHINES twin cassette E147.78

PRICES EXCLUDE V.A.T. PLEASE ADD 15% POST & PACKING FREE

CALCULATOR SALES & SERVICE
Arrow Works, Arrow Road, Redditch B98 8NN

Tel. Redditch (0527)43169

BUILD YOUR OWN METAL DETECTOR
VLF/TR VCO/TR IB/TR BFO

Pre -aligned search heads - test equipment not
required. Literature available in return for SAE.
Manuals and parts sold separately: write or
phone for price. Export welcome: write for
quote.

Shadow VLF/TR. Full
specification discriminator, not
lust ferrous /nonferrous indica-
tion It works by measuring the
conductivity of the target. now you can
reject nails bottle caps even aluminium
foil and ring pull tabs, Full ground effect
exclusion over normal or high per
Teability soilshe head is thermally and capacitively shielded
4 modes deepseeking VLF plus 3 TR discriminating ranges
Push button "memory" tuning Performance equals
Commercial detectors costing £2001 As described in ETI
Complete kit now only £87.67 inc. VAT i postil
Individual parts. Search head E21.33 PCB E6 80 Case E5 33 Adjustable shaft asst' CS 10 LM393
El 12 Manual (gives more info than ETI article - and extra function)E 1 12 All ins. VAT Is post! (Other
pens also available separately)

Shadow TR /15 ((illustrated) A true transmit receive /induction balance detector at a budget price for
anyone who doesn t need discrimination Waterproof and thermally insulated search head. Good
sensitivity Built-in speaker and headset lack Complete kit £33.60 Inc VAT and Post

Shadow TR /VCO. An advanced version of the TR 113 Use as a sensitive 1 Et machine ur switch to VCO
mode when the sound changes to a varying pitch, allowing easier use over mineralised ground and
enabling detection of negative high peranability anomalies Kit price E35.67 Inc VAT and Post

Shadow
TR/1B

Matching stereo headphones focal' Shadow models £5.815 inc VAT and Post.

Beginners BFO model. A very detailed assembly manual and pre.wound coils make this an ideal first
project. Simple high efficiency circuit. Full sire (not a toy) but weighs only 300gms (10 5on) with battery.
FREE STETHOSCOPE HEADSET with every order ALT3 Mit. E15.60 inc VAT and Post Padded high Z
headphones E5.45 inc VAT

Shell Kit. Consists of the (hard to find) hardware items, for detectors of your own design. Fully adjustable
shah with handle, search head mouldings lint diam 185mm) with hinge assembly, special clips to mount
your own control housing (any box is suitable) Completely non-metallic and undrilled With assembly
instructions £14.45 inc VAT and Post

ALTEK (ETU), 1 Green Lane
Walton -on -Thames Surrey

Order by post or phone (24 hours) Access & Visa Cards quote number Callers by appointment only please.
Phone (093 22) 44110 anytime,

ETI SEPTEMBER 1980

, Freepost A il FREEPOST ON ORDERS  ACCESS 'Et1 LI. Birmingham  VAT INCLUSIVE PRICES
:CVAISSAHB19 1BR  ADD 30p P&P  CHEQUE

ELECTRONICS tw-ss ,t.a.s nAmmwas I- .,.1..s 'ct.; II 24 HR PHONE ANSWERING SERVICE
ALL PRICES IN PENCE EACH UNLESS OTHERWISE STATED

CMOS , LINEAR SEMICONDUCTORS
, CA3046 84 N914 5 BC182L 12

CA3080E 77 154001 5 KIM I,
.743130E 99 154002 5 BC184L
.-43140E 48 154004 1 BC212
..43109E 293 151007 9 807121 12
. 5,301AN 34 1541413 4 5C214
, M3395 78 155402 15 BC2141. 12
LM3805 104 252389 21 8C547 13
LM381AN 198 152E46 46 8C548 II

. -_. LM39005 75 7529260 13 5C549 12

..: o MC340311 156 253053 19 BC557 15
...,...... 1, NE53I tar 253051 55 8C5SEI lb

.-,If 014 214 55536T 259 753055 55 BC,' 70
140: , 113 NE5555 25 253702 9 BC071 15

92 NE5565 66 753704 9 50131 39
78 NE5665 171 153705 10 B0132 39

lee 145105 485 753773 791 90139 39
149 NEVIN 505 753819 22 00140 39

511136 146 253870 39 851490 333

Volume TBAI 20S 88 253904 9 BF X85 19

RegulatOrt TD41022 113
TOA103.111 239

2145457 19
155459 35

13,50 17

65051 17
L.4309DAIKI 119 T1.081CP 84 40573 as 5R039 SO
vA123CN 42 TL084CN 156 BC107 14 115510 21
U A 7805CU 78 uA741 Cal 20 BOOB 14 C18960 1950
uA7812CU 78 uA741CT 47 BC108C 18 TIP31 48
LA /E115CU 78 Liner BC109 14 T1P32 54
u07912CU 97 rs,_, °MOB 19 ToPMC 76
JA7915CU 97 ratrarallra BC100C 20 T1P42C /6
,...A78LOSCS 38 40010W C4V7.C33 111C148 10 T1P2955 15
uA78L12CS 38 91v88/870 79 BC1511 to T103055 60
0A78LI5C5 38  voomr 9 80 1 7 7 11 Ti543

GMT SELL PLEASE D oP.A. EQPT. SAE FOR
SENEn,.

CAPACITORS
Electrolytic Axial Order Code Polymer Radial Leeds Order Code Electrolytic Radial Lairds Order Code-109 lo SO% Tol Coe 015  i/0 Dipped Toe., C2I30/352 5,14l.Can 352 -10% . 050% TM C.e 034  of
.F V 15 28 40 53 Mounted Tam. t0 2me, Pooh CAP 780 07 V 10 15 25 35 40 SO S3

1.0  Value
16
22

.0 352 MO ...F 362 350
001 1 9

n.r,

3]
0015 15 8 10

7
0027 22 9 1168

10 5
9 1 0033

1

33 11

15 0 9 0047
I t

41 14 7

22 5 1.3
0068 sa i7

33 8 9
01 I 0 21

41 8 II 13 C"5
15 30 15

88 9
022 2 2 35 22 3

100
150 9

9

10
13 033

31 041

33
47 8

8

9
9

11

220 13 26 36 068 68
100 9

9 11

330
MO 23

30
32

40
47 D I L Sockets

150 . It
MO 21 30 39 54

1000
1500

26
35

30
39

59 8 P.5 Low 1,01.1. Smiler T.n id D41.. SK T 8
14 ,5 Low Motile Socke Tin le OIL SK 1r 14 P.C.B. Components

2200 a2 16 Pin Low P.otiia So< me T In 16 OIL SKT Slow Ote, so

RESISTORS Order Coda Skeleton Presets, Miniature Order Code
Carbon Prim. Foxed 0 1W. El Values. 10001M. L.n vein.. Mounong 8 min onion i.i
0 25W. E24 Values IRO 10M, 55 Tin 2 each Res RC1.4 0 ,W. E3 Wive. 10061-04. Ein Noraontal Mount 8 mid P.5,51 n

100.100 IMult 100.taitrel Skeleton Primers. Standard  Value
05W. E12 Vet.. 190 ALM, 1011 Tot 3 mon Pm RDo 03W, 03 Values, 1009-4M10, Lin Vertical Mount., 11 SKI Preset V VP. 03W. El Velum. 100111444I. Lin. Sioriaontel Mount .1 Sid Prthet N
Metal Film. Fixad  Vet,.Potentiometer. Rosary05W. E24 up., S. OA. re Tot 5 me, Res MR30 05w, El Vomits, 1K-2442 L,5 39 Ro Pot L.e25W. Et2 vs., ,OR 21K, 5% TOI 16 elec., R. PR52 Snow,.025W. E 3 Velum, 457-26.42 Los 39 Ro Po. Log

 Veito
Metal Glare, Foxed

Potentrometer, Slider
0 5W, E3 Value, 21(7470 . Li., 45 Si Pot L.505w E24 value. IS 330. 65 Tot 16 each het VR31 015W. Cr VEthes, 1K0 IMO I , 45 S, Pm Lna

SEND A LARGE S.A.E. FOR OUR
`FLOG LIST & OTHER INFO.

MAINS TRANSFORMERS Gras. Code Plastic Boxes - Boss o-idustrio Moio, it no,
Mocoded am and films Fining Gimped L(0

a MIS 8. C(IN Iten Bushes, .rd Lid in Otentle
Order Code

1. i ir 7012 cam1399 C..,5,2003 OR115 ears
LISO W80 050 131 Cass 5.52005 oR
L,90wit0 060 213 Cass 13,512006 OP

..."' 91/ . Plastic Boon wit!) Motel Lids0S. 0 6 .

0 .2,, . 2 .
Amassed Top Om

a:o. or..
85 Bee. CAS Bins Bushes in Or
I now Aluminium Top Penal Sin.shed G...45

Order Code
360 ems L85 W56 029 112 Cara 5i5,4003 OR

LtIt W71047 150 Cosa 51.004 OR
L16, W96053 206 Cm. 81.005 0.

04 50 04 5, Se.,.".,,,,., T/en 100A Doman Boss.06V 06V
0 I1V 0 ( lL 0.masi Elm end etanded OK

0175v.0 oozy
Aturrponow Elm and Lid ,n Naturat Emit..

Grow Code
0.10,/ 020E ,13,563031L

L 152
114 Case 6,145003 NA

W52 050 215 Cam 5.545005 NA

VERO ELECTRONICS PRODUCTS
.1921/V111W 334 Cm 8144{006 .

SWITCHES25"  5" .1" else Verebeerd 71 300.21988,
3 75- a 5...1- pitch Ver465e14 79 200.210720
2 5' 4 1- .1" ems Verobeerd 161 55/Pact 206210780

Ord.. Code
Ministers Tolifi - H09/491.949

3 751.  5" .1- {stets Penn Board 55 300.2107951 SPOT 67 sw smolt
6.52" a 2.9" .1" pitch V.0 DIP Some 135 200.210414E SPOT C/011 III SW 1101021
6Pot Fecg Colter 107 20 .21013A
Pin udenion Tool for 040 tom pin 147 203.710150

SPOT Ombra Bias To Centro 90 SW 8,510.11
°PDT 99 SP/S*2011

DS P.os .040 11001 44/Pecl. 20 0210170 DPDT Volt 111 SW 11.47021
SS Piro .04011001 44/Peck 2002101711
Permed" Kit 11 ban, 2wire 14comel 454/5.1 200213410 Minieture Push -C So K
Nooses Combs 1261 ICIP/Pacit 70021339. SP Pure To MOIL Moentime, 62 SW5531
Vero... Wire 171 109/Peck 200.213400 SP Poe, To firms. mmeeers, 52 SW 5533

G 5. 1 ELECTRONiCS 5111 r 5 1 10wER MAKIN. OlaP1.0 NODULE Kit t 1730
FUll MU., Kit ONE MAP K1W. SUPPLY MOPULE Kit  true vOLIS t MOO

EIWRO
ONE MN POWER SLIMLY MODULI alt -TWELVE VOLTS I 1-30MEW DECODER  MeiOtf CONROE sir

1133-90 MODEL 1,411111A CONIROLLE4 PA 1 - SLOT ILACtit t 30-00

PAL ENCODER AMOulAtOR eit t 040 AODELINEMIA CONTROLLER am it - 'MIN (NAND UNIT, t 3,PD
0014UR RADAR MAW MI t 44A10 MOM !NOMA CONIROLL14 AA III - Team (CONSOLE .11, t 23-03



RIAA
PREAMP
Fit a magnetic cartridge to your stereo
system with our economical pre -
amp design

ceramic or crystal cartridges have found wide applica-
tion in lo to mid-fi stereo systems. Manufacturers like
them because they are cheap. As they have a high out-

put level (100mV-2V) no preamp is required enabling a simple
and economical system to be readily assembled. Of course,
the disadvantage is that the quality of reproduction reflects
the cost.

The next step up the hi-fi ladder is the use of a magnetic
cartridge. However, you cannot simply plug one in. Magnetic
cartridges have a comparatively low output level and their
playback response coupled with all the jiggery-pokery that
goes into the manufacture of a record results in a very
squeaky sound.

Stylish Motion
Ceramic and magnetic cartridges are distinguished by their

different responses to the movement of the stylus as it follows
the fluctuations of the groove. A ceramic transducer produces
an output proportional to the deflection amplitude of the
stylus, whereas the output of a magnetic cartridge reflects the
rate of change (velocity) of the stylus. Recordings could be
made in either a constant velocity or constant amplitude
(against frequency) mode. Each has its advantages. In fact a
combination of the two is used in an attempt to get the best of
both worlds and a standard was set out by the Record Industry
Association of America (R IAA - get it?).

Ideal Response
Our graph show the RIAA playback equalisation curves

with the ideal response shown dotted and what you actually get
indicated with a solid line. With a0 dB freference at 1 kHz, it can
be seen that the response ranges over nearly + 20 dB between
20 Hz and 20 kHz, a scale of 100 to 1. The high gain at low fre-
quencies means that care must be taken to avoid mains hum
pick up and screened connecting cables are essential.

Two into One
The preamp and equalisation are neatly combined in

one circuit. Our design utilises a single chip from National
which features dual amplifiers with an internal resistor matrix.
Use of the internal resistors enables an RIAA response to be
achieved with just a few components. The unit exhibits a gain of
46 dB (200) at the 0 dB reference frequency of 1 kHz and may be
powered from any 10-14V supply. Current consumption is
around 16 mA maximum.

MAGNETIC
CARTRIDGE

Fig.1. Circuit diagram.

HOW IT WORKS

IC1 IS LM382

The desired RIAA frequency response is achieved through the use of a
resistor -capacitor network in the feedback loop of an op -amp. Use of an
internal resistor matrix in the LM382 chip enables a very simple practical
circuit to be used. The circuit is absolutely conventional. A 12 V supply
was chosen as the LM382 is characterised for operation in automobiles
and its output is biased to 6 V.

The circuit offers a gain of 46 dB (200x) at the RIAA 0 dB reference fre-
quency of 1 kHz. As the output of a typical magnetic cartridge is in the
range 2-7 mV, this should result in a preamp output of around 1 V, an ideal
level for the line' input of most amps. A 47k resistor at the input provides
the standard cartridge load and a single 1,000 uF capacitor is used for
overall supply decoupling.

Note that the integrated drcuit pins are identified for the left and right
channels with pairs of numbers on the circuit diagram. Also that all com-
ponents except IC1 and C6 are duplicated on the component overlay.

Fig.2. Internal structure of the LM382.
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PROJECT

C6

+12V

INPUT Cl
V.

INPUT

C1

r C4

I OV

R2

0C3
C5

0
OUTPUT

C4

liez>

C5

C3

PARTS LIST

OUTPUT

Resistors
R1

R2
Capacitors
Cl
C2
C3
C4
CS
C6
Semiconductor
IC1

47k
1k0

luO tantalum
330n polyester
1n5 polyester
47u tantalum
22u tantalum
1000u electrolytic

LM382

BUYLINES
No problems here. All the components should be readily
available from your usual suppliers.

The LM382 can be obtained from Watford Electronics &
Delta Tech and Co.

Fig.3.(left) Component overlay.
Fig.4.(below) RIAA playback equalisation curve.

30

20

10

CO

-o 0

-10

-20

-30
10Hz 100Hz

Construction

1kHz 10kHz 100kHz

Use of a printed circuit board is recommended for this pro-
ject. If you use another method of construction, ensure that
connecting leads are kept short and locate the decoupling
capacitor close to the supply pins of the integrated circuit. The
unit may be assembled into a metal case for good screening.
Once assembled, just connect your cartridge to the inputs and
connect the outputs to your amp, either directly to the 'line' in-
put or via the passive tone controls if you have them. Then put
on your favourite disc and relax and enjoy it. ETI

CLEF KITS -

High Quality Electronic Musical In-
struments under the personal supervi-
sion of Specialist Designer A. J.
BOOTH MAN.

JOANNA 72 & 88 PIANOS
Six and 71/2 Octave Electronic Pianos with
unique Touch Sensitive Action as used in
the P E JOANNA, which electronically
simulates piano key inertia - a feature
not available in any other design Build
this widely acclaimed professional instru-
ment for either Domestic or Stage use
from our top quality Component kits
SIX OCTAVES- £207
71/4 OCTAVES- £232

P.E. STRING ENSEMBLE
The versatile String Synthesizer with a
fantastic sound at an economic price Split
Keyboard facility with a range of impress-
IVe voices

COMPONENT KIT £169
Back up TELEPHONE advice is avail-
able from the designer to supplement
the clear instructions included with
the above Kits.
P.A.'s - SPEAKERS -
CABINETS
Units can be supplied to add to the
Component Kits including Domestic or
Stage Cabinets and portable tubular legs

NEW -
ELECTRONIC ROTOR
Two -speed organ rotor simulator plus a
three-phase chorus generator on a single
PCB (8"x5") Kit includes all components
- IC sockets throughout - mains opera-
tion and stereo headphone driver PCB
Easily integrated with existing organ.
Component kit £89.00.

KEYBOARDS
We believe that we have located the best
manufacturer of square front Keyboards.
as used in our Kits. and can also supply
Keyswitch hardware including the in-
dustry standard soft plated contact
springs

49 NOTE C -C £23.80
73 NOTE F -F £37.00
88 NOTE A -C £45.00
All Keyboards are easily cut to provide
your required length and compass Quan-
tity enquiries welcome.

BUILDING SERVICE
We are specialists in Electronic Piano
Manufacture and can build your Piano for
you - see lists

INFORMATION
Please send S A E quoting items of
interest Telephone BARCLAYCARD
orders can be accepted all prices include
V A T carriage & Insurance ,

VISITS
Are welcome by appointment otherwise
Mal Order Only

EXPORT
Enquiries welcome - in Australia please
contact JAYCAR (Sydney)

CLEF PRODUCTS (ELECTRONICS) LIMITED (Dept.
E T I.)

16 Mayfield Road, Bremhall, Cheshire SK7 1JU. 061 439 3297

'FUEL ECONOMY
in kit form

FUELSTRETCHER, the leading UK in -car petrol computer, now available in
kit form to save ££££££'s from start to finish.
You have a choice from two kits:
FSX20 gives accurate instantaneous digital mpg readings to obtain
maximum fuel economy. Standard features include choice of two update
frequencies, automatic clear down under idling and owner calibration
facility.
FSX10 gives a digital gallons used reading to allow determination of total
fuel and average mpg.
Kits are complete with all necessary components and comprehensive
instructions. All components guaranteed for 12 months, full technical back-
up services available.

ENVIROSYSTEMS LTD., Dept. ETI
Hampsfell Road, Grange -over -Sands, Cumbria, LA11 6BE.
Tel: 044 84 4233/4

Name

Address

Phone your order with Access or Barclaycard

inc. VAT & p&p. Oty Rqd.

FSX20 £47.50

 PI option £65.90

FSX10 £34.80

I enclose cheque/

POs for £

Cheque No.

 Petrol Injection
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11 °projects in every book!
The'110' books have been acclaimed
by enthusiasts, students and engineers.
Each contains 110 different circuit
applications. Use them as project books
or as source books for circuit ideas.

110 CMOS Digital IC Projects for the Home Constructor
R. M. MARSTON 0 408 00216 6 £3.95

110 Electronic Alarm Projects for the Home Constructor
R. M. MARSTON 0 408 00269 7 £3.95

110 IC Timer Projects for the Home Constructor
JULES H. GILDER 0 408 00480 0 £3.95

110 Integrated Circuit Projects for the Home Constructor -
Second Edition
R. M. MARSTON 0 408 00309 X £3.95

110 Operational Amplifier Projects for the Home Constructor
R. M. MARSTON 0 408 00153 4 £3.95

110 Semiconductor Projects for the Home Constructor -
Second Edition
R. M. MARSTON 0 408 00322 7 £3.95

110 Thyristor Projects using SCRs and Triacs
R. M. MARSTON 0 408 00074 5 £3.95

110 Waveform Generator Projects for the Home Constructor
R. M. MARSTON 0 408 00353 7 £3.95

Available from your bookshop or in case of difficulty direct from the publishers.

-ewnes Technical Books
Borough Green, Sevenoaks, Kent TN15 8PH

ELECTRONIC GAMES
ATARI

SPACE
INVADERS

59 Tr 91 1, If 9?

A A A

'111114.16111111..
HAND FIELDS + CARTRIDGES
ATARI ACETRONIC
PRINZT RON IC

RADOFIN DATABASE etc.
We keep a full range,
Send 101 Cartridge Ims slalmy whimdtaCh,ite

Oaett

INTELLIVISION MATTEL

£173.87 + VAT

Available August 1980
This is the most advanced TV
game in the world.
Expandable
next year into a full
microcomputer.
COLOUR CATALOGUE
AVAILABLE WITH
DETAILS ON ALL THE
CARTRIDGES

BRIDGE
COMPUTER

* Plays 1/2/3 or 4 Hands
* Problem Mode
* Audio Feedback
* Instant Response
* Auto storekeeping

DRAUGHTS
t" llr

**aliainim -
111 air

*
at1e gie...7 

COMPUTER

Solves Problems
Rejects illegal moves
2 level machine
£43 + VAT
4 level machine
£77.78 + VAT

MAIL ORDER SERVICE - Free postage & Packing
TELEPHONE & MAIL ORDERS - accepted on:
Access * Barclaycard * American Express * Diners Club
CALLERS WELCOME - at our shop in Welling - Demonstrations daily
Open from 9am-5pm Mon -Sat (9am-1 pm Wed)
GUARANTEE - Full 12 months + After Sales Support!
We have comprehensive brochures on all products. Please let us know what you are interested in and we wit, send you detailed brochures AND ourown
32 page catalogue covering most games on the market.

CHESS

Send for further details.

COMPUTERS

NEW RANGE
AVAILABLE
AUGUST 1980
We specialise in
computer chess
machines &stock
over 13 different
models from
£20 to £300

BACKGAMMON
OMAR 1
OMAR 2

",::. CHALLENGER
1111111111.1ftilft GAMMONMASTER

From £38 to £108. Send for further details.

LEISURE
* CHEAP TV GAMES
*TELEPHONE ANSWERING MACHINES
* AUTO DIALLERS
*CALCULATORS
* DIGITAL WATCHES
* PRESTEL
* HAND HELD GAMES

TELETEXT
-131213121:112

1.1117.1!

RADOFIN
TELETEXT
Add on Adaptor

£199 + VAT

27 TUNE
DOOR
BELL
£17.13

+ VAT

SILICA SHOP LTD., Dept. ETI 9
102 Bellegrove Road
Welling, Kent DA16 3QF
Tel: 01-301 1111

FREE
cATALOuu-

of
i

Page
send

Vice Shop
Lt
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3 CHANNEL SOUND/LIGHT
CHASER

1.1331000SLC

A high performance
sound to light system which

automatically switches to a chase when the music ceases. Super
sensitive with an anti interference circuit, the unit will operate
from practically any amp and control up to 1,000W/channel,
5Hz to 70K,. Controls: bass/mid /treble / master sensitivity/
chase speed

3 CHANNEL SOUND/LIGHT

LB31000SL

£21.40

All the advantages
of the SLC without chase.

Controls bass /mid /treble / master sensitivity.

2/4/8 CHANNEL CHASER

LB81000LC

£26.50

An all logic chaser
system for use with up
to 8 channels at 1.000 watts each. Facilities include footswitch
trigger and module cascading (16. 24, 32 channel, etc.), chase
speed and re -cycle delay.

4 CHANNEL SEQUENCER

11341000LS

A 4 channel sequence
generator for banks of
lamps up to 1,000W per channel. Two speed controls, cross
effect to provide settings between seconds and rapid burst

1 AND 3 CHANNEL DIMMERS

£14.70

Single channel version

LB11000LD £6.70

Power dimmer units for theatre/stage applications up to 1,000W
per channel. with on board suppressing. The unit is also available
without rotary pots for use with sliders -

LB3 1 00OLD (no pots) £13.50 Sliders _75p each.

LB250

ROPE LIGHTS/DRIVER

1114100010-S

£22.70

24 feet ropes
Fled /Yellow
Blue/Green

ROPE LIGHTS

£51.75

A four channel chaser up to 1.000W per channel.
with a sound trigger facility. The music input signal
modulates the speed of the chase giving an
excellent sound /light effect. The unit will control up
to 10 ropes with chase speed and trigger level
control.

STEREO DISCO MIXER/PREAMP

LBPA3
M - Magnetic
C - Ceramic

£30.70
Magnetic or ceramic deck

versions - please state

All the requirements of a stereo disco preamp on one board. left
and right deck mixers/ tone controls/mic. mixer/ tones/ mic. auto
fade over decks/and P.F.L. The unit can be used with either
LB1OV / 1 50/ 250 and respective supplies.

Full set of pots - £8.63 Sliders - £11.21

LBPA2

£17.20
A four channel mixer and
tone stage for mics, gui-
tars, etc. Can be used
with any LB amps.
Set of pots E2.74, sliders
E5.23.

1,,.....k.,..... L rennin..1
1.==.

PROFESSIONAL ENGINEERING BY
PROFESSIONALS

ELECTRONIC
MODULES

45 Wortley Road, West Croydon, Surrey
CRO 3EB. Tel. 01-689 4138

1) You need a module

2) It must be reliable

3) It must be competitive

4) Its performance must be simply
excellent

5) Its finish must be outstanding

6) You require a connection and circuit
diagram

7) You require L & B

Each module is manufactured from the highest quality
components. and fully tested and guaranteed for 12 months

All prices shown are VAT inclusive. Please include 50p
post/packing except where individually stated. To mail order
send cheque / P.O / registered cash / Barclaycard or Access
number. C.O.D. service El extra. For the new Autumn
catalogue send 50p.

POWER AMPLIFIERS

Tough dealing power amps for use in sound systems
Open/short circuit protection and fused. Heavy gauge
heatsinks and rugged o/p devices (all operate down to 4
ohms).

25W R.M.S. 100W R.M.S. 150W R.M.S.
20Itz to 60K 5W 10 75K 5Hz to 25K
0.014 THS 0.1% TliCI 0.1%1110
9608 S/N 11008 S/N 11008 S/N

LB25 LB100 LB150

£11.20 £18.20 £26.50

250W R.M.S.
511z la 2511

0.1%7110
110011 S/N

19250

£39.50

Note all models are available with either 500mV or 7 7 5mV
sensitivity. Please state when ordering.

LBPAI

£19.50
A stereo hi-fi preamp and tone
stage for mag p u. / tape /tuner,
etc.

Set of pots E3.27, sliders
E4.49.

3 -WAY ACTIVE CROSSOVER

LBAC01

£17.90

LBPSU1

£6.20

Bass / mid / treble
active crossover with

stage booster! Available
with crossover points of 20W or 300Hz, and 2K or 3KHz
(please specify) LBPSU1 supply for LBAC01.

LBRLD1

£5.70
A de -thump unit for use with any LB
power amps.

110
PIEZO

HORNS

£5.75
P I" ',Or,

1111/1

CELESTION LOUDSPEAKERS
(8ohms)

612-65 612-100 612-125
112 inch 65VV1 112 loch 100W) (12 inch 1 2 5VVI

£20.70 E°11.17s0 £26.45E7.1;0 £46.00 2.00

POWER SUPPLIES
A range of rugged power supuk, wets to complement uuf
amos.

LBWS

£11.20
P/P E1.20

LB250PS

LBIOOPS

£14.70
P/P E1.40

LB150PS

£18.00
P/P E1.40

LUMPS

£24.50
P/P El 70
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PCB FOIL PATTERNS

Left: Foil pattern for PCB board B,
from the ETI Digital Test Meter pro-
ject.

Note that this project comprises a
total of three boards.

Right: The second of the DTM boards.
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PCB Foil Patterns

ETI DTM
SWITCHING BOARD

*Woo

0
0
0

0
0
0

6 o5 05 05 lto
q 62 o 2 o 2 o Q op
0 00 00 o o 00 oo o
o 6  5 OF oil 406 o
O o q o o 9 06 Op
0 0 0 0 0 o o oo oo
0 9 09 o ok COM o o
0 0 2 O 2 o9 op
0 0 0 0 0 oo 00 00

Above: The switching board for the
DTM project.

Above: The Drill Speed Controller
PCB. Construction is not critical here
and other methods may be employed.
Take care with the PCB as mains
voltage will be present.

1,1;riETI

zAen

Above: The RIAA preamp foil pattern. The board is intended to be mounted in-
side existing equipment and space maybe left for fixing.

Below: Vocoder board B. The large PCB is not shown here as it is too large to go on the page. An SAE to
Modmags will secure a copy.

POWERTRAN 1980

9 ETI VOCODER 10B

100011.120 Veg9\10

CO

C12) Wi
)laiNI.° :IV°14171

GPO;
ghe I

ftw3\
(k1-$11;24) ilNee

serf-)
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PCB Foil Patterns

0

Above: Project 80 board for this month's module. Note that copyright exists on the board and firms may not
reproduce the PCBs for sale.

Above: Foil pattern for the SURVIVAL game. This has been designed to fit the
specified case.
Right: The monitor amplifier board for the TV Sound Tuner. This circuit is an op-
tical extra to aid tuning and setting up.

ETI TV SOUND

000
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ETIPRINTS
ETIPRINTS are a fast new aid for
producing high quality printed
circuit boards. Each ETIPRINTS
sheet contains a set of etch
resistant rub down transfers of
the printed circuit board designs
for several of our projects.

Shown below is the listing for
the last year's ETIPRINTS.

ETIPRINTS are made from our
original artwork ensuring a neat
and accurate board. We thought

ETIPRINTS were such a good
idea that we have patented the

system (patent numbers 1445171
and 1445172).

PARTS LIST

Buffer
Moving Coil Preamp
Process Controller

Jan 80 040B ETI 80 - PSU
Tuning Fork
Filter
Coin Toss

039A Hum Filter Dec 79
Logic Probe 041A ETI Audiophile

ETI VCA
Signal Trace

039B Long Period Timer Dec 79 ETI HC
Rain Alarm Electromyogram
Touch Switch
Flash Trigger
Pseudo Random 041B VCM

Noise Gen Heater Controller

039C Function Generator Dec 79 042A 300W Amp Module

033 Fuel Level Monitor,
040A ET! 80 - VCO

and VCLFO
Feb 80 Alarm, Screen Controller

Dynamic Noise Reducer

Earlier sheets are available,
ring Tim Salmon for details.

Feb 80 0428 Touch Dimmer,
Battery Charger

Apr 80

RC Guardian
(Top, Bottom I 1Et2

Mar 80 043 IR60 preamp,
Receiver, PSU,
Servo Tester,
VU - PPM

May 80

044A IR60 Function June 80
Board (Top & underside)

Mar 80 Control Circuit,
Line Transmitter,
Tape Response Meter

Apr 80
Ohmmeter

044B FM receiver June 80
Sep 79 PSU & Monitor Amp

Drum Synth
(function board)

HOW IT WORKS

Lay down the ETIPRINT and rub
over with a soft pencil until the

pattern is transferred to the
board. Peel off the backing sheet

carefully making sure that the
resist has transferred. If you've

been a bit careless there's even a
'repair kit' on the sheet to correct

any breaks!

ETIPRINTS
BUY LINES
ORDER TODAY
Send a cheque or PO (payable to ETI Magazine) to
ETI PRINT, ETI MAGAZINE 145 Charing Cross Road,
London WC2H OEE. Price E1.20p.
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MOTORS. I.5V Model motors 22P, 11 min"8ig loh' I 5 DC 3 rp mole 32p 
Replacement 8 Deck 1211 DC misters 55..

.,.
6°'." ."" .°1"' ''' 9°' 7* 115' -4 rpm outer 959. Duane m.tes. 5-8V DC
es equip, 70.. 96 DC Climate minors 95._
611 Ger. inters. new PI. NIA
01.25.

RECORDING TAPE. Low mils. myl.r.
applied mentimet 7" 1200' E1.00. r 1800
l.75. ir 3503 SA.

JACKSONS CBD4 50 Pf am*. Imre
p .,combesare. Slumlord 1/4" spinill.. 50 each

,

SPECIAL OFFER DEC TYPE

Be
BOARDS. Micro DEC "A- will 2 15 pin DIL
carriers f 3,9. Micro DEC " with 2
ielsgrmi 16 pie DIL emeritus 1195. lloth.
b bbb d ex. 1111 h If " 1r ... r S SW IN y 1 !Kips

. .

ulling price.

- ..-

3

MOTOROLA PIEZO
ELECTRIC
TWEETERS

1

\ jer, ')\I4(mil15-0-150

3" direct rartiettype CI.65
3.5" Ruh MIMI tapir Inn E4.50

PIEZO TWEETERS, empire I. vesper .
and cao bo u.d with swims 1 11 100

wits. Frionacy resew. 3.8 Is 286111.

IT,R. A011. IFO,R.RI
- -

it rRaSn's Itiri 1.2.4ar Ai .°Cs

RAISE
brachtts after price'. MINIATURE'
6-0-61/ 103.u. 9-0.96 75ma. 12-0-12V 50mKRTIOI
SI 19p each (1514 1211 200mo 75p 1150. 0-6,
65 280m. f1.20 120pL 66 500m. E1.10
122.11214 2. C2.3514501129 4.1 E2.85 (411

IA E2.25 1454 30-0-30V IA E2.85
154M. 204271 24 £3.65 154.L 0-1215-20-
OR 21 04.75154.1206 2.5A f2.35 (511.

TRIAC XENON PULSE TRANS -
FORMERS. II [GPO 141.132p. II plus 1 sob.
10. loch moonlit. 65p,

-

M/Meler. 1.000
opr. IKV AC/ DC Bolls.
150.5. BC steroid. Resist -
mice 0-2.5IL 0-100k. (4.35

TOOLS. SOLDER Smelter. good suction
teflon mule. 14.99. Side cutlers 5" E1.45.
Pliers 5' £1.45. NEON DRIVER r LONG
r. MIYAMA 16 Fill IC 1.st clip f 1.85. 5
PIECE premien. lc r.wdriver sell. in
41010.41 Pianism. t1.05. JUMPER TEST
LEAD SETS ID pairs of leads with nsulmted

0.1 4.1, nod DOP. CRIMPING TOOL. A,
combiution lyp for crimping est inne o.d'
plMw armiutions .1so incorporates . wire
seMper 16 paunsland wire cur. imited
honer. only 11.30.

;COPPER LAMINA TED PRINTED
CIRCUIT BOARD. Fibr.glau Sire 811.1
tdpe Ipipros. 2ram thick) 150x950 40p,
maw. 55. 250.145.. 65, D...1..
dried Flbroglish 10 Rick. 1804135mm

-45p. PAXOLIN BASED TYPE:12mm thielrl.
180[1350 40p. 280s2000 50p.

BUZZERS. Miniatmr. solid MM. type..,7 is... 70!21 3 ,.t is... dui..
op.r.lu 4.15V DC 750 ...1. 1.01.10 12 volt
Mime' 513x 30 63p. Carnes 12V DC
Minimit. Morn sirs.. E7.65. I1V DC SIREN,
MI metal rntary lype. high pitched wmil,
D1.50. Rotary alto use. 12V DC. re/
plastic .nil will Hosting Inc let.
68 x 75r. E4.50.

. _,

Or
. ,.

..E-ijk
. IF

,..

NH55 MiMETER. 2.000
opr. IKV AC/DC Volts.
100ma OC.. Resist.... 0-
10K. DI MEG. f5,50.

PROJECT BOXES. Slowly ABS block
plastic boo.: with brae. Mewls Lod NI.
75.56u 35mm 65. 95 x 7.35.. 751

nun p.
, i5 9x,, ,
HERE HAND HELD BOX. White MX. 24i.
x 3.7 i. lapend. with sermon 66..ach.

VEND POTTING PLASTIC Bens with III
nod scr.we 70x 50x 200. hMck. 43p
,...0.

.

TAPE HEADS. Mon. cmss.lte, £1.75.
SWeo canon. 03.03. St ...... 8 Dock
stereo f1.95 8SH MM 1330 'i trick 50.!
BSA SRP90 't tr.ck L210. 1010 dial heed
numbly 2 heeds both "I track R/P with hill
in erase E1.25.

VANE ARENA slier.. cartridge preo.
piiiier limIales. 0.10.11. her algulic
eartridges, II1W. supplied with cetn..chorr
deuim. E1.95.

RELAYS. 2 typo both operal. on 120 DC.
lard plamic cued lows. 1-350 ohm with
2 insh. 5 amp ...loci: 75p. 2-1.000 ohm
with 2 cl....evw I amp contacts 750.

MICROPHONES. Ni:. Tie in. Oni. uses

11.01 aid hall.ry Isuppliedl 04.95. 1.w cost
condenur ECM105 Omni, 600elmis, oluell
*eh standard jack plug £2.95. EM507
Condense. u.i. 600111ms. 30-1881t. highly
polished met.I body. E7.95. DYNAMIC stick
microphon. dui! imp.. 600ohms or 208.
70-15810. allr.cliu block m.1.1 body. £7.75.
EM506 Can/neer. cardion. nni. 600.11ms or
Mk. hews chromed copper con. £12.95.
DYNAMIC P.A. Mike. mobilo wadi. M c..
thumb switch 508 imp. 0.75 CASSETTE

.replacrent micro with 2.5/3.5 pro
£1 .35. INSERT cryslol r.pl.c.m.nt
35 x 10min 40p. GRUNDIG El.ctre ina.rts,
with buill in FET preamp 3-5V DC. 01.00.

FINNED HEATSINKS. S.ppli.d umiriller
Um Rick. 27ntin high. 750124mm 60p.
150 x 124mm 95p. Smaller version 2.7mni
thick. 75 x 1011mm 48p. TRANSISTOR.
SOCKETS TO5 or T018 9p ..oh. T23 type
15p each.

SPECIAL OFFER SEMICONDUCTORS.
285062 SCRs 18p. 85534 oplo isolator 25p.
CA3130 95p. T0.800 50p. TDAII51 250.741
22p. 72335p. 0E555 240.10161;2 70p pair.
2113055 38..1114005 10 for 35p. 00238 28p.
00438 28p. 7/IS 35p. 211414 75p.TIL305
mph. uric display t2,50. MAN3A 3m
LED displays 45p. /Me. Uns 30p. LEDS 0.2"
CLEAR 15p. GREEN 12p. RED 10p. MIra-rml
minor LED 30.. MPUI31 PUT:. 406. 203mo.

15p. 2113773 11.76 Texas R1038
IT031 Power trails. 50p. 1604443 SCR 45p.

--
' TN 360 MiMETER.

20.000 op... 1KV AC/DC
.010. 250.1.00.. 4 resist.
lon rages la 20 Mg.. -

'also has Minn trinsistro
lesUr with 1.11.11 mid
pi. rasps f12.50.

-

SWITCHES. Slob. mio. Toggles. SPST
8x5 xlmm. 44. DPOT 18x 7 x 71 55p.
OPOT Gars MI 112 x II x9noml 77p.

PUSH SWITCHES 116 x R.I. red lop.
push in nine 15. each. pnel on brink
verslo.b1.01 vinyl 17p .ach,

SLIDE SWITCHES all OPOT 15 x 8 x 121m.'
13p. 16 x II x9mm 13..22 x13 x 8m I3p.
22x 13x8 c.100 on 14p. Mullipol. slMsr
door 011.112 tip] 29 x 9 x I Imm 259.

ROTARY SWITCHES tralor13P4W.4P3111,
2P6111 aid 1P12W all 35p inch.

CLIFF CLICKTEST. 13 omp ruin cosmic-
ter. Nell lor workshop. Mc.. writing rapid
and sr main conoulio.. lough ...Weil
DU sod DI with non ire* nil toe6
5.15.

- :
ALUMINIUM PROJECT BOXES. 10
S.W.G. will fitted lid arid screws. AB!
3x2 x I 52p. AB2 4 x 3 x 1.5in 62p. AB3.
4 x3 x tin 660, A84 6 x 4 x21. 14.. AII5
6x4 x31. We. AB6 Bub x 2i. E1.05.17.x, x3, f1.25.

'
LED' 110 METERS. Utilise sulsislical.d
re carol eirmit with airtshi. rise mil
iSC.1 I." M AAWAAI '.PICR."/"' '
Res. -2011. t. 100101e. T.I.rate. i

wir 1.- Mt grata e. 12-I5V DC. Ur i
.g. 54.. bye.
rep pm* gg 1

STEREO VE.11011 fIlloS 1

SPECIAL OFFER DEMAGNETIZER.
011,IIN probe lye., suitmlile for mull: reel sr
assail. mschie.s.op.rohn o. 2409 AC imly
f1,95.

NEW STOCK ITEM - We or. now slocio.9
Expo mimi 44e0 -hold drills. those area
precision Ontrande tow. Jew lor P.C.

board drilling. model main. alt. They
operate on 12V DC. Orin kit supplied in.

plash: !Hoped cue. with drill alid 21

accessorles, drills. ssiners, reamers.
Wilms, elc. templet. kit .el 114.25. Grill
mily f7,25. Drill slain to soil vertical drill
tress 012,951postsg. ram

ANTEX SOLDERING IRONS. NI 24011 AC.
Model C 15 mats 13.95. Model ICE 17 west:
f3.95p. Model 525 25 watts E3.95p. 0T3
SOLDERING ROM STAND. snits .11 Ant.e it .w
f1,65.

TMK 500 RI/METER..
30.000 ripe. 1011 AC/DC

Ville. D.C. muesli le 12

tr"LIP1 'tyli-..i inS gimt e:E21..d9r5:..'c ete°1- ^''IIN

POWER SUPPLIES. Switched lyp plugs
into a 13 amp socket has 3-4. 5-6. 7,5 awl 9
volts 0 c out at eiller 100 or 4130ma
witch.ble E3.45. HC244R st.MILoil *or 
supply 6.7.5-9V DC at 400ma. has polmity
reversing old o. MI switch and is 1.114

requiale0 to give sal romp from 10 NW
in maximum currenl 05.50.

16 * D.L.I.SWITCHES only 44 ...l.

RIBBOW CABLE Away sigle cm. ser.,...
"'"
INCADS. AA sia. 1.2 yell. 51Xlm [1.10

"U
MURATA TRANSDUCERS. REC/SENDED.r
PAA401L 40KHZ E3.50 pair.

.

Terms. Cash with order (official orders welcomed from
colleges etc) 30p postage please unless otherwise
shown. VAT inclusive prices. S.A.E. for illustrated lists.

,

PROGRESSIVE RADIO
31 CHEAPSIDE, LIVERPOOL L2 2JD

ALL ORDERS DESPATCHED BY RETURN POST
i

WEST HYDE CASES FOR E.T.I. PROJECTS
Bench Amplifier (August 1 979) Order Code WEC 801

Audiophile Pre -Amp (October 1979) Order Code CL2 CDL
Audiophile Power Amp (October 1979) Order Code CL2 CGL

Audiophile PSU (October 1979) Order Code CL2 AEL
Pinball Wizard (November 1979) Order Code TEK 364

Points Controller (December 1979) Order Code BOC 680
Moving Coil Pre -Amp (January 1980) Order CL2 ADJ

Synthesiser Project Order Code TEK A23G
Stereo Image Co-ordinator (July, 1 980) Order Code CL2 CDJ.

W H
PLEASE ASK FOR OUR FREE
80 -PAGE CATALOGUE AND PRICE LIST

THE BIGGEST SELECTION OF CASES IN EUROPE

WE ST HYDE
WEST HYDE DEVELOPMENTS LIMITED, UNIT 9. PARK STREET INDUSTRIAL ESTATE, AYLESBURY, BUCKS TEL 0296 20441
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CAMBRIDGE
LEARNING

Self-
Instruction

Courses

It's faster and more thorough than classroom learning: you pace
yourself and answer questions on each new aspect as you go. This
gives rare satisfaction - you know that you are really learning and
without mindless drudgery. With a good self -instruction course you
become your own best teacher.

Understand Digital Electronics
In the years ahead digital electronics will play an increasing part in
your life. Calculators and digital watches mushroomed in the 1970's
-soon we will have digital car instrumentation, cash cards, TV
messages from friends and electronic mail.
After completing these books you will have broadened your career
prospects and increased you knowledge of the fast -changing world
around you.

DIGITAL COMPUTER LOGIC AND
ELECTRONICS £7.00
This course is designed as an
introduction to digital electronics and
is written at a pace that suits the raw
beginner. No mathematical
knowledge is assumed other than the
use of simple arithmetic and decimals
and no electronic knowledge is
expected at all. The course moves
painstakingly through all the basic
concepts of digital electronics in a

simple and concise fashion: questions
and answers on every page make sure
that the points are understood.
Everyone can learn from it - students, engineers, hobbyists,
housewives, scientists. Its four A4 volumes consist of:
Book 1 Binary, octal and decimal number systems; conversion between number systems;
conversion of fractions; octal -decimal conversion tables.
Book 2 AND. OR gates: inverters; NOR and NAND gates; truth tables; introduction to
Boolean algebra,
Book 3 Positive ECL; De Morgans Laws; designing logic circuits using NOR gates; dual -input
gates.
Book 4 Introduction to pulse driven circuits; R -S and J -K flip flops: binary counters; shift
registers: hall adders.

DESIGN OF DIGITAL SYSTEMS £12.50
This course takes the reader to real
proficiency. Written in a similar
question and answer style to Digital
Computer Logic and Electronics, this
course moves at a much faster pace
and goes into the subject in greater
depth. Ideally suited for scientists or
engineers wanting to know more
about digital electronics, its six A4
volumes lead step by step through
number systems and Boolean algebra
to memories, counters and arithmetic
circuits and finally to an
understanding of calculator and
computer design.
Book 1 Octal, hexadecimal and binary number systems; conversion between number
systems; representation of negative numbers; complementary systems; binary multiplication
and division.
Book 2 OR and AND functions; logic gates; NOT, exclusive -OR, NAND, NOR and exclusive -
NOR functions; multiple input gates; truth tables; De Morgans Laws; canonical forms; logic
conventions; karnaugh mapping; three state and wired logic.
Book 3 Half adders and full adders; subtraciors; serial and parallel adders; processors and
arithmetic logic units IALUs); multiplication and division systems.
Book 4 Flip flops; shift registers; asynchronous and synchronous counters; ring, Johnson
and exclusive- OR feedback counters; random access memories I RAMs) and read only
memories I ROMs).
Book 5 Structure of calculators; keyboard encoding; decoding display data; register
systems; control unit; program ROM; address decoding; instruction sets; instruction
decoding; control programme structure.
Book 6 Central processing unit (CPU); memory organization; character representation;
program storage; address modes; input/output systems; program interrupts; interrupt
priorities; programming; assemblers; computers; executive programs; operating systems and
time sharing.

Flow Charts and Algorithms
are the essential logical procedures used in all computer programming
and mastering them is the key to success here as well as being a
priceless tool in all administrative areas -presenting safety regulations,
government legislation, office procedures etc.

THE ALGORITHM WRITER'S GUIDE £4.00
explains how to define questions, put them in the best order and draw
the flow chart, with numerous examples.

Microcomputers are coming - ride
the wave! Learn to program.
Millions of jobs are threatened but
millions more will be created. Learn
BASIC - the language of the small
computer and the most easy -to -learn
computer language in widespread
use. Teach yourself with a course
which takes you from complete
ignorance step-by-step to real
proficiency with a unique style of
graded hints. In 60 straightforward
lessons you will learn the five
essentials of programming: problem
definition, flowcharting, coding the
program, debugging, clear
documentation. Harder problems are
provided with a series of hints so you
never sit glassy -eyed with your mind a blank. You soon learn to tackle
really tough tasks such as programs for graphs, cost estimates,
compound interest and computer games.

Computer
Progranwv1119
BASIC air.Ciall .  brio

ear 1 -

COMPUTER PROGRAMMING IN BASIC
£9.00
Bookt Computers and what they do well; READ, DATA, PRINT, powers, brackets, variable
names; LET; errors; coding simple programs.
Book 2 High and low level languages; flowcharting; functions; REM and documentation;
INPUT, IF.... THEN, GO TO; limitations of computers, problem definition.
Book 3 Compilers and interpreters; loops, FOR.... NEXT, RESTORE; debugging; arrays;
bubble sorting; TAB.
Book 4 Advanced BASIC; subroutines; string variables; files; complex programming,
examples; glossary.

THE BASIC HANDBOOK £11.50
This best-selling American title usefully supplements our BASIC
course with an alphabetical guide to the many variations that occur in
BASIC terminology. The dozens of BASIC 'dialects' in use today
mean programmers often need to translate instructions so that they
can be RUN on their system. The BASIC Handbook is clear, easy to
use and should save hours of your time and computer time. A must
for all users of BASIC throughout the world.

A. N . S. COBOL £4.40
The Indispensable guide to the world's No. 1 business language. After
25 hours with this course, one beginner took a consulting job,
documenting oil company programs and did invaluable work from the
first day. Need we say more?

GUARANTEE - No risk to you
If you are not completely satisfied your money will be refunded on
return of the books in good condition.

Please send me: -
....Digital Computer Logic & Electronics @ £7.00
....Design of Digital Systems @ £12.50
....Algorithm Writer's Guide @ £4.00
....Computer Programming in BASIC @ £9.00
....BASIC Handbook @ £11.50
....A.N.S. Cobol @ £4.40

FOUR WAYS TO PAY.
11 A U.K. cheque or a U.K postal order (Not Eire or overseas)
21 A bank draft, in sterling on a London bank (available at any major bank)
3) Please charge my Access/M.ChO Barclay/TrustC/Visa 0 Am. Exp  DinersO
4) Or phone us with these credit card details - 0480 67446 (ansaphone) 24 hour service

Card No. Signed.
THESE PRICES COVER THE COST OF SURFACE MAIL WORLDWIDE. AIRMAIL:
Ear, N.AF. Mid. E. add V, to price of books: Jpn. Aus. N Z. Pcfc add 34: elswehere add Va

Name

Address

U.K. Delivery up to 28 days

Cambridge Learning, Unit 14 Rivermill Site. FREEPOST. St. Ives. Huntingdon.
Cambs. PEI 7 4BR England.

Reg in Eng. No 1328762
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A. Marshall (London) Ltd., Kingsgate House,
Kingsgate Place, London NW6 4TA
Industrial Sales: 01-328 1009
Mail Order: 01-624 8582

Also retail shops: 325 Edgware Road, London W2.
40 Cr ick lewood Broadway, London NW2. 85 West Regent St., G111390.
108A Stokes Croft Bristol,

CAPACITORS: BOXES & CASES TTL see catalogue for full range SOLDERING EQUIPMENT
Mullard Ceramic 63v range See catalogue for full range. 5574006 £0.14 56749146 C054 IRONS-ANTEX
1pF to 10,000pF E 24 range Aluminium boxes 13 sizes.

5574015 0.14 5574926 E0.31
557402N (0.14 SIV74936 E03/ 15 watt C15 £3.95

all at £0.06 each Rexine Covered boxes 7 sizes. S5740314 . 5674946 E080
5674045 (014 SIX74955 E0.55 15 watt CCN £4.20

Siemens Ceramic 63v B37448/9 NEW RANGE TMEC CASES 557405N C0.15 5574965 E0.34
5674066 C0.34 5574975 E1.80 17 watt CX17 £4.20

.01: .022: .033: .047mF @ £0.06 Send S.A.E. for details & types 5674076 03.28 55741005 E1.10
51474086 E0.15 56741075 E0.21 25 watt X25 £4.20

@ £0.08: @ Price range. £14.04 to £17.00 557409N E0.16 55741185 E076 Stand £1.50.068: .1mF .22mF
£0.11 ABS PLASTIC BOXES

557410 E0.15 56741196 E1.20
03.15 55741215 E0.25

CSF High Voltage Ceramic Discs
Prices

3" x 2%" x 1 i"
5514125 E0.20 55741225 E0.48

V;;;.1:1 2..2,1 5674 246 t,11;

DESOLDERING TOOL
Solder £6.50

£0.07 to £0.18 Range
10.000pF 3%" x 23/4" 11,. Prices as 51.474165 £022 56741256

5574175 £0.22 561741416 (064
SINCLAIR INSTRUMENTSto

Voltage range up to 6Kv.
catalogue

41/2" x 3%" X 1%"
5674205 CO 15 56741456 (0.54
5574235 (0.18 55741486 E1.05

See catalogue for details. 8" x 43:" x 3"
5574255 £0 19 56741506 E0.79
5674265 Wig 55741515 £0 55

Digital Multimeter

Comprehensive range Siemens BAZELLI INSTRUMENT CASES
5574275 C0.19 56741535 (0.55
$514305 E015 55741545 COW
5674325 £0.17 55741555 C0.60

PDM35 £ 34.50
xi " DM235 £ 52.50

Layer Polyester Caps: .001 to 5 sizes. 5574375 (0.21 55741575 (0.59 re " DM350 £ 72.50
3.3mF Miscellaneous hardware

511174385 (0.21 567416049 0.70
5574405 El).15 557416145 E0.70 " DM450 £ 99.00

Prices £0.07 to £0.63. including
55744145 E0.52 567416240 CO 70
5574426 E0.40 5574163AN C0.70 Digital Frequency Meter

See catalogue for details,
Large range of Mullard/Siemens

Vero Board: Superstrips:
Vero Breadboard.

5974456 £0.66 55741646 £0.80
55744645 (048 56741655 C080
55744745 (0 48 55741675 E1 20
5574485 E0 45 55741745 C0.80

PFM200 £ 49.80
Low Power Oscilloscope

Electrolytic Axial/Radial
Capacitance values 1.0mF to

Vero boxes (see catalogue for
full

5674505 E0 15 557,11755 (0.63
5574515 E0 15 55741765 W 74
557453N 15 56741776 W.73

SC110 £139.00

CRIMSON ELEKTRIK HI Fl10,000mF
range). 5574545 E015 55741805 W 70

5574605 C0.15 56741816 0165
Voltage ranges 25v: 40v: 63v: 5574705 E0.26 55741826 (0.83

5574725 E0.24 55741845 C1 29
MODULES

100V:
-----1

5574735 E0.25 557418545 E1.10 CE608 Power Amp £18.26
Prices and types as catalogue

5674745 E0.15 55741865 E1.35
5974756 £0.31 55741884N £1 .84 CE1004 " " £21.30

Also Mullard 0280; Siemens 5674765 E0.26 56741895 C2.16
5574805 E0.39 5574190N E074 CE1008 " " £23.91

632231/4 and B32110. All prices Card Frames: Fliptop boxes: 5574816 £0.71 56741916 E079
5574825 £0.65 56741926 (0.79 CE1704 " " £30.43

net + VAT and postage/packaging. etc etc. 5574835 £0.60 55741935 £0 79
5514805 £0.95 55741965 E0.74

CE1708 " " £30.43

TOOLS BAHCO
..--

1980 CATALOGUE
5614856 £0.70 55741916 E074
5574866 60.25 55741985 E109

Power Unit £16.96CPS1pS3

"
Side Cutter with Bezel. %
Side Cutter without Bezel.
End Cutter without Bezel.

' 166
U.K.: 65p post paid AACYS-0

Europe 85p post paid V;#Rest of World £1.25 a

557489N (1.813 59741596 Et 09
55749046 (0.33

C £20.43
CPS6

,, " £26.09
CPR1 Pre Amp £29.57KNOBS & SWITCHES

Vero Metal Shears. post paid
Big selection as catalogue
Also Resistors; Presets; Pots;

CPR1S Pre Amp £38.70
All prices + VAT + postage/

Other items as catalogue. Mail order: 01-624 8582 Opto; Semiconductors etc. packaging

1EL "ln 9.-04-9M-NIL-04-104-ra-ms Aft rein- mar-a-sec-sieL-a---4111(-4M-111.

RUN YOUR HOME BY

cthfab REMOTE CONTROL

0 How many times have you considered budding a remote control protect for the
Ihome but were put off by the dozens of ICA special cods. lenses and other hard

TO get componente not to mention the need for a well equipped lab to set the
0 unit up. T. K ELECTRONICS have changed all that. Three ICs can build a

sophisticated system that requires only a capacitor and resistor to set the clock
I frequency (which can drift by up to 20% without affecting performance)

Control radios. heft Oncluding bass, treble and volume). lighting. toys, garage
0 doom. etc. Sall not convInced7 then look at the prices,

10271 IR Eminmg Diode
5FH 205 Photodiode Detector
51480 IC Pulse Amplifier
SL490 Keyboard Controller Encoder? Transmitter
ML922 10 -channel Receiver & 3 Analogue Outputs
M L926 16 -channel Receiver (4 Momentary binary outputs)
M1928 16 -channel Receiver (4 latched binary outputs)

Data sheets (per device)

36p
90p

E1 .40
£2.40
E4.20
E1.40
E1.40

Sp

///

The CT4000 hes been designed to preset the state Ion or off) of four
outputs at lour tunes per day for up to 7 days in advance. enabling

\ON the ircit to control tape recorders. appliances, central heating. lights.
cm. the times are set one 0.1" high red LEO display by means of
keyboard and the output states are displayed on four LEDs. Each
output can switch up to 20mA at 9V. For mains loads use our Solid
State Relay Kit (MK2). The kit includes a PCB, keyswitches, I.C. 4
digit LED display, transformer, plus all other components and a
Screen 'wetted and drilled box which can also accommodate up to 4
Solid State Relay Kits. £25.25

These ICs can also be used with ultrasonic and radio links. depending on range. cost and speed of operation For
more details why not give us a ring -- or send s a e We will be pleased to advise you

NEW KIT +++ NEW KIT +++ NEW
II you do ipi re, iu ire a sophistiCaled multi -Channel remote control, we have developed a simple
single-chantiel ON/OFF infra red transmitter and receiver The transmitter unit comes complete with
A hand held bps and requires a PP3 19V) battery. The receiver includes a IMIC capable of switching
up to 500yL at 240V a c. and comprises a preamplifier, bistable latch and a mains power supply.
nakedly -mil completely sell -contained. The small size of the receiver enables the it to be
bud, viii. .rids of equipment from lamps to tape recorders The mmununi ran, is 20 lout A

rric receiver is available it required

£12.00

MINI TRANSFORMERS

per

16 pin

Standard mains
primaries 140V a
100mA secondaries

6 0 6V 110p

9 0 9V 1115p

11 0.1/V 90p

0.1.1.1.C. SOCKETS
120

12p
14p

18 pin
18 pin
40 pin

17p
24p
36p

l tin lob.

TKs SPECIAL OFFERS
OF THE MONTH

Orders must be received by 30/9/80
5X TIC 106D 5A/400 V SCR E1.75
5X TIC 206D 3A / 400 V TRIAC E2.00
5X TIC 226D 8A/400 V TRIAC E2.50
10X RECTANGULAR Green LED .

E1.75
10. Rectangular Yellow LED £1.75
5X 78 L1 S 12V 100m A regulator

E1.10
5X 7805 5V 1A regulator . E2.25

111,

0

ster'-L7.96 3C -111K -SE-X10

All components bran% new and t o BARCLAYCARD
specd ication Add VAT' AT CURRENT
RATE TO ABOVE PRICES PLUS 35p
P & P Marl Order Callers welcome by ap
?ointment

T K ELECTRONICS (PEI 105 Sludlet Grange Road I oudon Wt 71 X lei 01 5791794
. . . .

VISA At111.4"."

DISPLAY LIGHTING KITS
Each unit has 4 channels (rated at 1KW at 240V per
channel) which switch lamps to provide' sequencmg
effects. controlled manually or by an optional opt°.
isolated audio input
O 1.1000K
This kit features a bi-directional sequence, speed of
sequence and frequency of direction change being
variable by means of potentiometers Incorporates
master dimming control E14.60
O 1210005
A lower cost version of the above, featuring undirectio-
nal channel sequence with speed variable by means of a
preset pot Outputs switched only at mains zero crossing
points to reduce radio interference to minimum £8.00
Optional Opto Input DLA 1 80p

INTEGRATED CIRCUITS
555 Timer 21p
741 Op Amp. 19p
AY -5-1224 Clock £2.60

AY -5-123012 CIOCIVTirner £4.50
AY -3-12 70 Thermometer E8.20
ICL7106 DVM (LCD drivel £7.00
LM377 Dual 2W Amp. £1.45
LM379S Dual 6W Amp. £3.50
LM380 2W Audio Amp 80p
LM382 Dual low noise Preamp £1.00
LM386 250mW low voltage Amp 75p
LM1830 Fluid Level Detector £1.50
LM2907 fv Converter I8 pinl £1.40
LM2917 f -v Converter 114 pmt E1.60
LM3909 LED Flasher/Oscillator 55p
LM391 1 Thermometer £1.20
LM3914 Dot Bar Driver £2.10
MM74C91 1 4 digit display controller £6,50
MM74C915 7 segment -BCD converter 96p
MM 740926 4 digit counter with 7 seg. o/P f4.50
55668 Touchdimmer f 2.50
59263 Touchswitch 16 -way £4.85
SN76477 Complex Sound Generator £2 52
TBA800 5W Audio Amp 58p
TBA810AS 7W Audio Amp. 85p
TDA1024 Zero Voltage Switch £1.20
TDA2020 20W Audio Amp. £2.85
ZN 1034E Timer E1.80
All ICs supplied with data sheets.
Data Sheets only 5p each device

e. 10.12.4.5 cm
Colour: Black.

MINI KITS

These Kits form useful subsystems which may be
incorporated into larger designs or used alone
Kits include PCB. Short instructions and all corn
ponentS
MK1 TEMPERATURE CONTROLLER/

0

THERMOSTAT
Uses LM3911 IC to sense temperature 180°C
mail. and triac to switch heater.
500W £3.20 1KW £3.50 10

MK2 SOLID STATE RELAY
Ideal for switching motors, bets, heaters. etc. 0
from logic. Opto-isolated with zero voltage
switching. Supplied without triac. Select the re- 111

quired triac from our range £2.60
MK3 BAR/DOT DISPLAY
Displays an analogue voltage on a linear 10 -
element LED display as a bar or single dot Ideal 0
for thermometer& level indicators etc. May Oe
stacked to obtain 20 to 100 element displays
Requires 5-10V supply £435
MK4 PROPORTIONAL TEMPERATURE

CONTROLLER
Based on the TDA1024 Zero voltage switch. this 0

kit may be wired to form a 'burst fire power con-
troller or a "proportional temperature' controller 0
enabling the temperature of an ehclosure to be
maintained to within 0.5°C. 0
1 5KW £5.25 3KW £5.55
MK5 MAINS TIMER 0
Based on the ZN1034E Timer IC this kit will
Switch a mains load on (Or Offl for a preset time 0

from 20 minutes to 35 hours Longer cr shorter
periods may be realised by minor cornponenr
changes. Maximum load 1 KW £4.50

D.V.M. THERMOMETER KIT

Based on the ICL 71 06 This kit contains a PCB.
resistors, presents. capacitors, diodes, IC and 0.5"
liquid crystal display. Components are also included to
enable the basic DVM kit to be modified to a Digital
Thermometer using a single diode as the sensor
Requires a 3mA9V supply (PP3 battery) E20.75
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Codespeed

Electronics
P.O.BOX 23. 34 SEAFIELD ROAD. COPNOR. PORTSMOUTH.

HARTS_ P0355-5

GIANT 0.8" LED clock display. common cathode.
non -multiplexed With data E3.55 each. ALARM clock
module with 0.7" LED display. With data E5.99 each.
LIQUID crystal clock display, 0.5" digits. With data
and FREE socket, E11.25 each. FLUORESCENT' 'elect
calculators. Modern, 10 function with full memory
Most repairable but no glees. £2.55 each. TEN
transistor I.F. transformers. All brand new. May include
several types 55p for 10 CLOCK CHIP MM 5316 I C
(has alarm output). Brand new. with data E2.35 each.
POLARIZING filter. plastic. 0.006" duck. Any sae cut
from 1 sq in. to max sue 19" x 250 feet 3p per sq
inch. MOM (push to 'make') switch. Red cap
tip each SLIDE swith. 2 pole c.o. 18p each TWO
calculator keyboards (not compatible with 4204 calc
chipl 99p the pair MULTIMETER CHIP. MM5330
I C to build 41/2 digit d m.m. (needs additional
crrcuitry). With data E3.55 each. KNOBS, slider control
knobs, fits 5 or Brnm shafts. State colour. 14p each
Rotary control knobs. black (181nm diem) with coloured
cap. state colour required. 20p each. Skirted rotary
knob, same as rotary control knob above but has 'flared'
skirt around base. State cap colour required. 27p each
Colours available, black. red. green. blue, yellow, grey
white. S DIGIT common cathode calculator display
0 1", multiplexed, with data. 99p each. LED WRIST-
WATCH CHIP with data. 911p each. LED WRIST-
WATCH DISPLAY matches above watch chip With
data, 559 each. NOTE, the wristwatch chip and display
rre housed in 'legless flatpack' style package and
equire some fairly fine soldering. QUALITY jack

sockets, mono 26p each, stereo 30p each. LM1155
timer I.C. with applications booklet. 25p each.
MEMORIES 2102 static RAM with data. 59p each. .

NORTEC 4204, 4 function calc. chip. With data, SOp 
each. UNTESTED 0.1" LED displays. 10 single digit
displays for 959. '11 to test.

Post and packing please add- 40p (overseas orders add
(1)

For your FREE copy of our latest catalogue please send
MEDIUM sued SAE. VAT ADD 15% TO TOTAL COST
(INCLUDING POST AND PACKING).

Cash back' satisfaction guarantee on all items

ETCH RESIST TRANSFER
KIT SIZE 1:1
Complete kit 13 sheets 6in x 41/tin £3.00
with all symbols for direct application to
P.C. board. Individual sheets 30p each
(1) Mixed Symbols (2) Lines 0.05 (3) Pads
(4) Fish Plates and Correctors (5) 4 Lead
and 3 Lead and Pads (6) DILS (7) BENDS
90° and 130° (8) 8-10-12 T.0.5.
Cans (9) Edge Connectors 0.15 (10) Edge
Connectors 0.1 (11) Lines 0.02 (12)
Bends 0.02 (13) Quad in Line.

FRONT AND REAR PANEL
TRANSFER SIGNS
All standard symbols and wording. Over
250 symbols, signs and words. Also
'available in reverse for perspex, etc.
Choice of colours, red, blue, black, or
white. Size of sheet 12in x 9in. Price
£1.20.

GRAPHIC TRANSFERS
WITH SPACER
ACCESSORIES
Available also in reverse lettering, colours
red, blue, black or white. Each sheet
12in. x 9in contains capitals, lower case
and numerals 1/gin kit or %in kit. £1.20
complete. State size

All orders dispatched promptly.
All post paid

Shop and Trade enquiries welcome
Special Transfers made to order

E. R. NICHOLLS
P.C.B. TRANSFERS

DEPT. ET19

46 LOWFIELD ROAD
STOCKPORT, CHES. 061-480 2179

ATARI CARTRIDGES

PRO.C.1.1141

IP= ;317/0tt
3Get

=11 vielirtatelez,

ilacPOK

Atari Bask Programming. You II get the
basics of computer language and pro-
gramming.What to ray And how to say

E34.50.
Alarm mains units E85.50.
Keyboard controller E11.95
Orders being booked for Human Cannon.
ball and Circus at E15.20.

SPACE INVADERS Oerne herrn
The ultimate Game Programme with 112

Zrk Pi th Oh game variations including Moving
Shields. Zigzagging Laser Bombs, Fast
Laser Barbs, Invisible Invaders and 1 & 2
Player Games, This superb cartridge uses
the Joystick controllers and costs only

A -a J £27.50 incl. VAT plus 50p Post and
Packing Order Nowt

winwsn nwn-- Alarm wrth Space Invaders. call us for a
special price

w  k,
SR ft ft 15 fr

4

Slot racers'

Ins you and your favourite adversary
pursuing one another through bleak big
city streets. And blowing each other sway
with the bazookas on your hoods

The first to blast his opponent twenty-
five times is the winner.

So get set for the wildest action since
cops discovered robbers. L15.20. Orders
now taken.

GOLF - Now you can play golf at home
wen in stormy weather. There are nine
tournamentquality holes on Atari s
course, each with a designated par Total
par for this worse is 36 points When
playing a one -player game, try to match or
beat par. Ina two player game, the winner
is the player with the least amount of
strokes. But prang carefully. There are the
usual sandtraps, lakes and trees to avoid
The wrong play may cost penalty strokes

.t15.20
ADVENTURE - Adventure plays like the
addictive Dungeons and Dragons fantasy
role playing board game and includes the
added dimension of video A wicked
magician has stolen an Enchanted Goblet
and hidden it somewhere in the Kingdom
The object of the game is to rescue the
Goblet and replace n inside the Golden
Castle where it belongs - no easy task
Three deadly dragons and a black bat
hinder your quest, but scattered through-
out the Kingdom are objects to help you
slay the dragons and outwit the evil
magician. £22.50 plus 50p P&P.

Kramer & Co., Dept. ET12, 28 October Piece, London NW4.
Tel 01-203 2473. Telex 555041. Ann.. K7.

a Access. Barclaycard & Company orders accepted. Orders by
,Ipphone/ telex Open Mon .Fri (Sunday by appointment only(

NEW COMPONENTS
Pack No
A10 10 PP3 battery leads 50p
A30 10 Red or black crocodile clips 45p
A60 10 Red or black phono plugs 80p
A61 10 single phono sockets 70p
A70 10 2.5mm unscreened sick plugs 80p
A72 10 3.5rnm unscreened lack plugs 80p
A73 10 3 5rnm chassis sockets 80p
A74 10 Standard mono lack plugs 130p
A75 10 Standard switched lack sockets. 170p
A84 10 5 pm 180` DIN plugs 120p
A85 10 5 pin 1813` DIN chassis sockets. 100p
CIO 5 Standard toggle switches SPST 190p
C20 10 Miniature DPDT slide switches. 130p
C30 10 Miniature push to make switches. 130p
C31 10 Miniature push to break switches. 170p
C40 Pair of ultrasonic transducers 350p
C50 20 Texas 8 pin sockets 170p
C51 20 Texas 14 pin sockets 200p
C52 20 Texas 16 pin sockets 220p
EIO Reamer kit 10 each value 4 70 to 1M 'kW type

Total of 650 resistors. 480p
'kW 5% carbon resistors 18p per 20
Multiples of 20 per val. only

E33 10 4.7u 63V radial electrolytics 50p
E34 10 10u 25V radial electrolytics. 50p
E37 10 100u 25V radial electrolytics 75p
E44 10 to 35V tantalum capacitors. 100p
E50 10o.olu Mullard 0280 polyester. 50p
E54 10 0 1 Mulford C280 polyester 50p
F 1 1 10 EtC108 transistors 90p
F15 10 13C184L transistors 90p
F17 10 BC214L transistors 90p
F25 10 253702 transistors. 80o
F26 10 253704 transistors 80p
F27 10 253819 transistors 190p
F29 10 2N3905 transistors 90p
F41 4 253055 transistors 200p
F46 5 7805 IA 5V regulators 300p

0 20 154002 rectifier diodes. 75p
1150 20 0A91 signal Modes 110p
H60 100 154148 signal Modes 180p
H70 5 C1 06D 4A 400V thyristors. 200p
H75 5 T/C246D 16A 400V trans 520p
J10 200.tin red LEDs 170p
J15 50 0.2m red LEDs. 400p
J20 100 0 tin red LEDs 750p
J30 200.tin green LEDs 280p
J50 20 0 2in yelllow LEDs 280p
J80 4 FND500 displays. 350p
KID 5 741 operational amps 8 pin 90p
K25 5 LM301A operational amps, 8 pin 1400
K30 1 LA4324 operational amplifiers 50p
K80 5 CA3140 operational amps 225p
K60 55E555 toners 110p
MIO 8 2114LP memories 2800p
N5 1 Dab printed circuit board pen 80p

All prices inclUde VAT. Plea. add 50p carriage on all orders
below E I 0 Send SAE for our detailed list Mail order only

RAPID ELECTRONICS
lielkroft Memo, station Road, Eyneford. Kant

(
The finest amplification
from Crimson Elektrik

LATEST DEVELOPMENTS

CRIMSON ELEKTRIK Power amplifiers are the most
sophisticated on the market today. Yet now with the
latest Issue 5 innovations THEY ARE EVEN BETTER! We
have included sonic improvements and developed a
unique electronic protection circuit which obviates the
need for output fuses. In fact, such fuses can seriously
degrade the performance of an amplifier. They can blow
under heavy drive conditions - even with non faulty
loads (due to thermal fatigue), they can be a time
consuming nuisance and even dangerous to replace. but
more importantly they are responsible for "envelope
distortion" i.e. dynamic compression of the signal, even
fuses in the feedback loop suffer from the first two
disadvantages. and the latter to a lesser extent.

('P3000 POWER AMP MODULE 300 WRMS 4R

BEST VALUE

CRIMSON have an enviable reputation for supplying the
best value amplifier kits. You can proove this to yourself
by checking out the competition in the following crucial
areas * Professional grade phono sockets for ALL signal
connections * Silver/Gold plated switch contacts *
Adequate heatsinking for full rated output * Available
from stock * Manufactured by a specialist company with
a reputation for friendly and helpful service before and
AFTER sale * Forms the basis for high quality active
loundspeaker systems. Considering the advantages of
CRIMSON Kits. Why choose anything else?

SOUND ADVICE

Crimson Amplifiers are versatile and dependable. The
new CP3000 will give up to 300 watts into 4 ohms at
0.03% THD and is the obvious choice for P.A.and
Disco's requiring the best performance. For Hi-Fi we
produce the ever popular pre- and power amp hardware
kits which enable our advanced modules to be housed in
attractive metalwork and include everything down to the
last nut and bolt.
Our Pre -amplifier can be fitted with the moving coil
module allowing it to be used with the latest M.C.
cartridge (which can now be bough) for as little as £30)
Write for details, specifications and full price list or send
50p cheque / p.o. for our comprehensive application/
users manual.
Space precludes us from publishing all our products and
prices. below are lust a few examples
* Power Amp Modules (single channel)
CE 608 (60 WRMS /8 ohms) £23.10
CE 1708-1170 WRMS / 8 ohms) £38.50
CP 3000-(300 WRMS/ 4 ohms) E58.00
* 60 + 60 watt stereo pre and power amplifier complete
kit £208.86
* Stereo Moving Coil Pre -Pre Amplifier Module MC1

E28.50
*3 Way Active Crossover (single channel) £32.60

Don't forget, Crimson modules are available throughout
the country from all branches of Marshalls and Mail
order from Badger Sound Services and, of course
Crimson Elektrik.
Prices include V.A.T. and post to anywhere in the U K

,19

Crimson -
Elektrik

NMI1A Stamford Street, Leicester LE1 6NL

ATelephone (05331553508
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MPA 200 100 WATT (rms into 80) MIXER/AMPLIFIER
Featured as a constructional article in ETI, the MPA 200 is an exceptionally low priced - but professionally finished - general purpose high power amplitier. It features an adaptable input
mixer which accepts a wide range of sources such as a microphone, guitar, etc. There are wide range tone controls and a master volume control.Mechanically the MPA 200 is simplicity itself
with minimal wiring needed making construction very straightforward.
The kit includes fully finished metalwork, fibreglass PCBs. controls. wire. etc. - complete down to the last nut and bolt.

t.l,i , 5,1 t / s

40 0 0 v.
Panel size 19.0" x 3.5". Depth 7.3"

CHROMATHEQUE 5000

COMPLETE KIT
ONLY

£49.90 +VAT!

MATCHES THE
CHROMATHEQUE 5000

PERFECTLY!

5 CHANNEL LIGHTING
EFFECTS SYSTEM

This versatile system featured as a constructional article in ELECTRONICS TODAY INTERNATIONAL has 5frequency channels with individual level controls on each channel. Control of thelights is comprehensive to say the least. You can run the unit as a straightforward sound -to -light or have it strobe all the lights at a speed dependent upon music level or front panel control
or use the internal digital circuitry which produces some superb random and sequencing effects. Each channel handlesup to 500W and as the kit is a single board design wiring is minimaland construction very straightforward.

Kit includes fully finished n. rtalwork, fibreglass PCB controls, wire, etc - Complete right down to the last nut and bolt!

COMPLETE KIT

ONLY

£49.50 + VAT!

POWERTRAN

DE LUXE EASY TO BUILD LINSLEY HOOD
75W STEREO AMPLIFIER £99.30 + VAT

Panel size 19.0" x 3.5". Depth 7.3"

SYNTHESIZER KITS ON PAGE 8. MORE KITS AND ORDERING
INFORMATION ON INSIDE FRONT COVER.

This easy to build version of our world-wide acclaimed 75W amplifier kit based upon
circuit boards interconnected with gold plated contacts resulting in minimal wiring and
construction delightfully straightforward. The design was published in Hi-Fi News and
Record Review and features include rumble filter, variable scratch filter, versatile tone
controls and tape monitoring while distortion is less than 0.01%.

IAll kits also available as separate packs le g PCB, component sets, hardware sets,
etc ) Prices in our FREE CATALOGUE.

T20 +20 20W STEREO AMPLIFIER £33.10 + VAT
This kit, tesed upon a design published in Practical Wireless. uses a single printed circuit
board and offers at very low cost, ease of construction and all the normal facilities found
on quality amplifiers. A 30 watt version of this kit (730 + 30) is also available for
£38.40 +VAT MATCHING TUNERS - See our FREE CATALOGUE!

Above 2 kits are supplied with fully finished metalwork, ready assembled high quality teak veneer cabinet, cable, nuts, bolts, etc and full instructions - in fact everything!

MUSIC EFFECTS DEVICE - AS FEATURED
IN ELECTRONICS TODAY INTERNATIONAL!

The BLACK HOLE designed by Tim Orr, is a powerful new musical effects device for processing both natural and
electronic instruments, offering genuine VIBRATO (pitch modulation) and a CHORUS mode which gives a
-spacey- feel to the sound achieved by delaying the input signal and mixing it back with the original. Notches
(HOLES), introduced in the frequency response, move up and down as the time delay is modulated by the chorus
sweep generator. An optional double chorus mode allows exciting antiphase effects to be added. The device is
floor standing with foot switch controls, LED effect selection indicators, has variable sensitivity, has high
signal / noise ratio obtained by an audio compander and is mains powered - no batteries to change! Like all our
kits everything is provided including a highly superior, rugged steel, beautifully finished enclosure

COMPLETE KIT ONLY £49.80 +VAT (single delay line system)
De Luxe version (dual delay line system) also available for f59.80 4 -VAT
Cabinet size 10.0" a 8.5" x 2.5" (rear) 1.8" (front)



REMOTE CONTROL. 32 -channel ultra-
sonic infra -red transmitter I.C. (SL490) £2.85
each. 32 channel receiver IC.s
(ML928+ML929) £3.60 pair. Complete
data/projects booklet add 50p. P&P 25p.
Dataplus Developments, 81 Cholmeley Road,
Reading, Berks.

POWERTRAN TRANSCENDENT DPX
built to high professional standards available
for only £350. Package includes swell pedal,
handbook and "Anchor" tuition course.
Phone High Wycombe (0494) 36923 (office
hours).

CC
CA

AftT MVE
£110.00

VAT (E16.50)

BEST OFFER EVER
Camera Kit, Lens,
Vidicon Es Modulator

R
+ P/P £3.45 (inc. VAT)
Optional extra manual

£6. Total £129.95

CROFTON
Tel: 01-8911923 details//

MAIL ORDER ONLY

DELTA TECH & CO.
62 NAYLOR ROAD, LONDON, N20 OHN

Please add 35p for P&P

RESISTORS (5% E12)
10 Ohms to 10Mohms 1.5p
PRESETS (.15W HORIZONTAL)
100 Ohms to 2 Mohms 7p
POTENTIOMETERS (1/4W)
Linear & Log Scales

4 7KOhms to 2 2Mohms 30p
VEROBOARD% (.1" COPPER)

55p
3.75" x 5" 65p
ZENER DIODES (400mW)
5V6 5p* 9V1 6p
2V7 to 33V 8p
POLYSTYRENE CAP (50V)
10 pF to 1000 pF 5p
CERAMIC CAP (50V)
33 pF to 4700 pF 3p
POLYESTER CAP (100v)
1 r1F to 68 nF Elp
100nF 150 nF 7p
220 nF 330 nF 9p
470 nF: 11p 680 nF: 13p
1uF: 18p 2.2uF: 22p
3.3uF: 15p* 4.7uF: 15p*
ELECTROLYTIC CAP (uF /V)
1/25to 47/25: 6p 68/25, 100/358p
150/25, Sp 160/254p*
220/25:10p 470/25 9p*
640/16 5p* 1000/10 5p*
1000/25.22p 200/12 6pr
1500/25'12p* 2200/6.3V 10p*

OPTO/
ELECTRONIC
2N5777 55p
OCP71 65p
ORP12 70p
DL704 . 110p
DL707 110p
0.125" & 0.2"
LEDs:
Red 10p
Green 13p
Yellow 13p
0.125" Clip 3p
0.2" Clip 4p

FOR
TRADE ONLY

BRIDGE
RECTIFIERS
WO2M 20p
WO6M 30p
1A/50V 22p
1A/100V 27p
1A/200V 32p
1A/400V 34p
2A/50V 40p
2A/100V 42p
2A/200V 48p
2A/400V 55p

THYRISTOR
2N5064 *12p

VOLTAGE
REGULATORS
7805 65p
7812/15 65p
7818/24 65p
7905 75p
7912/15 75p
7918/24 75p
DIL SOCKETS
8pm *7p
14 pin *9p
16 pin *10p
18 pm 16p
22 pin 20p
24pm 21p
28 pin 25p
40 pin 35p
DIODES
BY127 12p
0A47 8p
0A91 *6p
0A200 6p
.0A202 9p
1N916 5p
1N4148 4p
1N4001/2 4p
1N4003 5p
1N4004/5 6p
1N4006/7 8p
1N5400 13p
1N5401 14p
1N5402 15p
1N5404 16p
LINEAR
CIRCUITS
709-8 28p
710-14 35p
741.8 20p
747.14 50p
748-8 35p
CA3018 70p
CA3028A 85p
CA3046 50p
CA3080E 75p
CA3090A0

*200p
CA3130E 90p
CA3140E 40

VHF/FM TRANSMITTER KIT. New
silicon chip design means low price (beats
anyone else) and better performance. Very
small - ideal bug etc. . . . Fully tuneable
88-108 MHz. Instructions etc. all included.
INTRODUCTORY OFFER £2,45 + 30p P&P
(unlicensable). M. Henry, Dept. ETI, 30
Westholme Gardens. Ruislip.

TRANSCENDENT 2000. Synthesizer. Fully
set up and in perfect working order. Must sell,
hence £200 only. Phone Worcester 354450
(evenings or weekends).

BOOKS BOOKS BOOKS - Large range of
electronics books in stock. Send s.a.e. for list.
Servio Radio, Dept ETI 10, 156-8 Merton
Road, Wimbledon SW1 9 1 EG.

A SUPERB VALUE STEREO POWER
AMPLIFIER OFFER  Stabilised PSU; 2N
3055 output  Stereo 60 watt R MS; IC
Preamp. Case includes, controls volume,
selector etc., din output/inputs for magnetic
pick-up/microphone (3.mv) + Tuner +
Tape/Aux. 26 transistors - 2 IC Screened
Douglas Transformer, 240 V AC mains lead.
NEW -TESTED --DATA £19.95 (inclusive),
KLIFCO ELECTRONICS, 1 REGENT ROAD,
ILKLEY, W. YORKSHIRE LS29 9EA.

MSF TIME?
MSF CLOCK is ALWAYS CORRECT - never gains or

loses, self -setting at switch -on, 8 digits show Date,

Hours. Minutes and Seconds, larger digit Hours and
Minutes for easy QUICK -GLANCE time, auto. GMT/
BST and leap year, also parallel BCD output and can
record when an event occurs, receives Rugby time
signals, 1000Km range. ACCURACY, E54.80.

60KHZ RUGBY RECEIVER, as in MSF Clock. serial

damoutput,built-inantenna,£15.70.
V.L.F.7EXPLORE10-150KHz,Receiver£13.70

Each fun -to -build kit includes all parts, printed circuit.
case, instructions, postage etc, money back assurance
so SEND off NOW.

CAMBRIDGE KITS
45 Cf.J. Old School Lane. Milton. Cambridge

BRAND NEW COMPUTER POWER
SUPPLIES: -250v. 400mA. -12v. 2A.
+30v. 400mA. +12v. 500mA. and + 5v. at
a staggering 12A!! Admirably Engineered
Units. £35 + £3.50 carr / insurance. Sold
tested and working but without guarantee.
Payment with order to: J. Wright, 27 Broom -
hill Drive, Glasgow G11 7AB.

NUCLEAR RADIATION MONITOR. Es-
sential for the survivor of a nuclear attack.
Measures up to 100 rads/hour. S.a.e. de-
tails: Ray, Nucleonics, 13 Rosemead Gar-
dens, Brentwood CM13 1HZ.

INTENSIVE COURSES IN

BASIC
AND

PASCAL
including hands on mini -computer opera-

tion

These intensive courses are intended to
instruct from minimal knowledge to an
operational capability of computer pro-
gramming.
Courses are fully residential, allowing
maximum time for instruction and pro-
gramming.

BASIC - Weekends from Friday Evening
to Sunday Afternoon.

PASCAL - Weekdays Monday Morning
to Friday Afternoon inclusive.

For further details, dates available, fees
Phone (0401) 43139, or write

CLEVELAND BUSINESS SERVICES
(Dept. ETI-2), Cleveland House

Routh, North Humberside HU 1 7 9SR

LF351N 44p 4035 107p 7472 19p AC153 25p BD124 111p ZTX109 lip
LF356N 85p 4041 75p 7473 *16p AC176 22p 80131/2 35p ZTX300/1 14p
LM301AN 30p 4042 70p 7474 *17p AC187/8 22p BD135to ZTX302/3 18p
LM308N 55p 4043/4 88p 7475 26p AC187K 30p 80140 35p ZTX304 23p
'LM318N 120p 4047 92p 7476 20p AD149 *55p BF178 30p ZTX311 18p
LM318H 120p 4048 55p 7480 32p AD161/2 40p BF180 34p ZTX341 22p
LM324N 57p 4049 35p 7485 80p AF114 30p BF181 8p ZTX500/1 15p
LM339N 52p 405013 449 7486 18p AF124 35p BF183 34p ZTX502 20p
LM348N 90p 4066 50p 7490 *22p AF125/6 35p BF184/5 25p ZTX503 17p
LM377N 175p 4069 *16p 7491 57p AF127 35p BF194/5 12p ZTX504 24p
LM380N 90p 40708 20p 7492 30p AF139 40p BF196/7 12p 2N696/7 20p
LM381N *120p 4071/2 20p 7493 *20p AF239 44p BF224B 14p 2N698 20p
LM382N *90p 4073 20p 7494 50p BC107/8 10p 8F2448 35p 2N706 14p
LM1310N 115p 4081/2 20p 7495 40p BC109 10p 8F258 28p 2N914 20p
LM1458 *35p 4086 80p 7496 37p BC117 23p BF259 40p 2N918 35p
LM3900N 50p 4510 100p 7497 200p BC142/3 30p BFR39 *12p 2N1131 20p
LM3909N 75p 45118 *70p 74100 60p BC147/8 10p BFR79 32p 2N1302/3 35p
MC1496P 80p 4516/8 100p 74107 22p BC149 10p BFX29 25p 2N1304 35p
NE531 110p 4520/8 100p 74109 34p BC157/8 12p BFX84 25p 2N1306 30p
NE555 22p 74118 84p BC159 12p BFX87/8 25p 2N1613 25p
NE556 *45p. TTL 74121 22p BC167 14p BFY50/1 20p 2N1711 13p
NE566 140p 7400/1 14p 74122 30p BC169C 13p BFY52 22p 2N1893 25p
SN76115 *80p 7402/3 14p 74123 50p 8C171 10p BRY39 50p 2N2217 18p
TBA641B 200p 7404/5 16p 74125/6 42p BC173 8p BSX19 12p 2N2219 23p
TBA800 75p 7406 23p 74132 60p BC177/8 16p 8SX20 22p 2N2222A 23p
TBA8105 110p 7407 25p' 74141/5 46p BC179 16p BU205 150p 2N2369 17p
ZN414 100p 7408/9 17p 74150 55p BC1828 10p BU208 210p 2N2484 25p
ZN1034E 220p 7410 13p 74151 47p BC182L t7p MJ2955 1109 2N2646 46p
CMOS AE 7411/2 17p 74153 43p BC18313 10p MJE340 52p 2N2904/5 21p
.4000 16p 7413 21p 74154 66p BC184 10p MJE2955 110p 2N2906/7 21p
40018 18p 7414 45p 74155 46p BC186 25p MJE3055 80p 2N2926G 10p
4002 15p 7416 20p 74156 42p BC207/9 13p MPF102 45p 2N3053 20p
400613 70p 7417 25p 74157 38p BC212 10p MPF103/4 40p 2N3054 40p
4007 *17p 7420 15p 74160 70p BC212L *7p MPF105 40p 2N3055 45p
4008 80p 7421 30p 74161 65p BC213L 10p MPF106 45p 2N30558 50p
4009 40p 7422 26p 74162 60p BC214 10p MPSA06 26p 2N3442 140p
4010 44p 7427 20p 74163 45p BC214L *Bp MPSA56 26p 2N3702 to
4011B 15p 7428 28p 74164/5 56p BC238 18p MPSUO6 60p 2N3711 11p
4012 20p 7430 16p 74166 95p BC261B 14p 0C28 92p 2N3772 120p
4013B 35p 7432 20p 74173 70p BC301/3 32p 0C35 92p 2N3773 250p
4014 80p 7437 14p 74174/5 55p BC328 17p TIP29 40p 2N3819 21p
40158 75p 7438 18p 74177 70p BC338 17p TIP298 42p 2N3820 40p
4016 44p 7440 13p 74180 35p BC461 40p TIP30 40p 2N3823 70p
4017 55p 7441 52p 74181 80p BC477 23p TIP308 42p 2N3866 *55p
4018 SOp 7442 32p' 74182 45p BC478 23p T1P31/2 40p 2N3903/4 15p
4019 45p 7443 60p 74190 50p BC261 B = T1P33 65p 2N3906 15p
4020B 95p 7444 100p 74191/2 50p SUPER BC478 T1P33C 70p 2N4037 45p
4021 85p 7445 64p 74193 50p BC479 23p TIP34A 75p 2N4058/9 10p
4022 *70p 7446 65p 74194 65p BC547/8 12p T1P358 200p 2N4060/1 10p
4023 22p 7447A 45p 74196 78p BC549 12p TIP36A 200p 2N5457/8 40p
40248 50p 7448 52p 74197 54p BC557/8 14p T1P3613 210p 2N5459 40p
4025 20p 7450 10p 74198 100p 8C559 14p TIP41A 60p 2N6027 *25p
4027 45p 7451/3 13p 74199 90o BCY70 18p TIP42A 60p 3N128 t5Op
4028 60p 7454 10p TRANSISTORS 8CY71 /2 18p T1P2955 70p
4029
4030

82p 7460
7470

13p
20p

AC126/7
AC128

22p
20p

BD115
BD121/3

58p
75p

71P3055
ZTX107/8

*30p
12p*35

SEND FOR TRADE PRICE LIST SPECIAL OFFERS *THIS MONTH
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RATES

1-3 insertions £6 per scc
4-11 insertions £5.50 per scc
12 insertions £5.00 per scc
23p per word (Min, 20 words)
Box No. of application

1111111...111111/11/411

IIFIED
All advertisements in this section must be
pre -paid
Closing Date:- 1st Fri. month preceding
publication

Advertisements are accepted subject to the terms
and conditions printed on the advertisement rate
card (available on request).

SEND TO:- ETI CLASSIFIED, 145, CHARING CROSS ROAD, LONDON WC2H OEE. TEL: 01-437 1002 Ext. 26

MODULAR SENSOR SYSTEMS
SPEED SENSOR E10.95
FLOW SENSOR E13.85

Signal processing /display systems
Gal/ Hr PCB and 4 digit display without case requires
L/ Hr 5V DC 400 cycles input time base E34.80
RPM PCB and 4 digit display without case requires

5V DC. 320 c/sec time base input E35.95
Total Galls Complete system in case with reset. 12V DC
Total Litres power supply E29.95
MPG. Krn/L Complete system in case 12V DC power
or L/100 Km supply .. ....... E44.75

All above prices include VAT. p&p UK. These systems are ideally
suitable for automotive and other speed/flow measurement
projects

ENVIROSYSTEMS LTD.
Harnptifell Reed. Grange -over -Send., Cumbria LA1 1 SSE

Telephone. 044 84 4233/4

onto /J  Switch
selects

logic CMOS or TTL
IC to levels

show  5-15V
16 bits working

1916 LED
displayE27-40

complete -
or send for data:

J. E. Sinclare &Co (F1)
B2 Plumstead Common
London SE1B 3RE

Road

MK14 CORNER. Interface Board, includes
flag driven mains relays, LED Indicators for all
Serial I/O, D/A and single step chips, and
prototype area; also suitable for other Micro-
computers; PCB and circuit £3.95. Replace
calculator display with Y2" FND 500s; PCD,
'filter, instructions £1.95. Ready -built
replacement keyboard £11. Useful notes on
MK14 75p. Rayner, "Kismet", High Street,
Colnbrook, Bucks.

DO YOU TRANSMIT
AUDIO SIGNALS

OVER CABLE
CIRCUITS?

We manufacture a full range of
interface equipment for transmis-
sion of audio signals over private
wire of telephone circuits, from
Narrow Band STD systems
(300Hz-3.4kHz) up to Wide Band
Music Circuits.

PARTRIDGE
ELECTRONICS

(A. C. Partridge Ltd.)
56 Fleet Road, Benfleet, Essex

Tel: (STD 03745) 3256
We also manufacture audio

mixers and sub -assemblies

PRINTED
CIRCUITS

HARDWARE

Comprehensive range Constructors Hardware
and accessories

Selected range of popular components
Full range of HE printed circuit boards
normally ex -stock, same day despatch at
competitive prices
P C Boards to individual designs
Resist -coated epoxy glass laminate for the
d I.y man with full processing instructions (no
_unusual chemicals required)

Alfac range of etch resist transfers and other
drawing materials for p c boards

Send 15p for catalogue.

RAMAR CONSTRUCTOR
SERVICES

MASONS ROAD
STRATFORD-ON-AVON
WARWICKS. Tel. 4879

'CIRCUIT DESIGN; Prototype consuuction4
Analogue or Digital, Single Circuits or Com-`
iplete Instruments /Systems. Write A. J,
ATTWOOD, C.Eng., MIERE, Heathercote,
Heatherton Park, Taunton, Somerset, TA4
1 ET or Phone Bradford -on -Tone (082-346)
536.

BARGAINS FOR THE ELEC-
TRONIC HANDYMAN

BRANDED L.E.D. DIGITAL
ALARM CLOCKS

10.000001"1""
(1)

Returned to Service
Department within
guarantee period. (2)

1 With alarm repeat. S.R.S.P. of £1 7.00. Offered at
£3.95, inc. VAT, or 3 for £9.95, inc. VAT.

2. With luxury lamp and repeat alarm. S.P.S.P.
£31.00. Offered at E7.95 inc. VAT each, or 3 for
E19.95 inc. VAT.

These will be sold as received from our customers with
the existing fault(s) and without guarantee.

U.K. only
Discounts available on large bulk purchase.

PRESCOTT CLOCK & WATCH CO.
LTD.

PRESCOTT HOUSE, HUMBER ROAD, LONDON
NW2 6ER

CENTURION
ALARMS

BURGLAR ALARM EQUIPMENT
AT UNBEATABLE VALUE

JUST LOOK!
Order No
100 ALARM TRIGGER MODULE. 100% Solid State. Battery
operation. Pos. & Nag. Rings. N/C for 4 -wire contacts. N/0 for
Mats. etc. One Amp Switching Capacity. Only E9.95
210 Quality White Flush fitting 4 -wire MAGNETIC REED
CONTACT* matching magnet .. E1.10
220 Surface 4 -wire MAGNETIC REED CONTACT E1.60
240 PRESSURE MAT. Standard size 4 -wire 30"s15" E2.20
250 PRESSURE MAT. Stair size 4 -wire 23"x61/2" E1.73
260 VIBRATION DETECTOR. Pendulum type in Ivory Case with
contacted Lid -Fself-adhesive backing. Adjustable sensitivity 1E3.50
360 SIX INCH UNDER DOME BELL E9.95
390 BEST QUALITY BELL HOUSING. PVC coated metal. not to
be confused with the cheaper decoy covers. Fully signwritten with
our Centurion Insignia E9.50
400 DECOY P.V.C. BELL COVER E6.60
Note: All eq./fp/MOM °webs on 12 Volts DC.
710 SCOOP Offer SMOKE ALARMS. Self-contained Ionisation
Type (1.5% obscuration) with low battery warning at the
UNREPEATABLE PRICE Stocks Lentil
Term: Add 15% VAT to Prices+ 40p Postage & Packing.

No Minimum Owlet..
Amon telephone eiders%
welcome on.
0484-35527 or send
S A E for Full List ro

CENTURION ALARMS & ELECTRONIC
SALES Dept. ETI, 265 Wakefield Road,
Hudderrfield. W. Yorks H135 ORE

LARGEST STOCKS ANYWHERE sheets,
and manuals. Service sheets only £1 + sae.
Sole suppliers of the famous TV Repair Sys-
tems. Complete Diagram Collection. Mono
TV/Washing Machines/Col. TV/etc., in
huge binders, only £13.50 each. SAE brings
newsletter bargain offers, quotes: G.T., 76
Church Street, Larkhall, Lanarkshire (0698)
883334.
200 COMPONENTS £4. 100 diodes 85p.
150 caps £1.50. 10Q resistors 85p. All
mixed. Lists 1 5p. Sole !Electronics (ETI), 37
Stanley Street, Ormskirld, Lancs. L39 2DH.

TRANSCENDENT DPX Polyphonic Syn-
thesizer, fully working, mint condition, pro-
fessionally constructed. Save approximately
£100 on kit and construction costs! For sale,
£299. Telephone: 0282 35680 (Burnley).

DIGITAL WATCH BATTERY
REPLACEMENT KIT

These watches all require battery
(power cell) replacement at regular
intervals. This kit provides the
means. We supply eyeglass, non-
magnetic tweezers, watch screw:
driver, case knife and screwback
case opener. Also one doz. assort.
push -pieces. full instructions and
battery identification chart. We
then supply replacement batteries
- you fit them. Begin now. Send
E9 for complete kit and get into a
fast-growing business. Prompt
despatch.

BOLSTER INSTRUMENT CO. (ETI6)
11 Percy Avenue, Ashford, Middx. TW15 2PB
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BARGAIN PACKS
£1 + 25p P.P. ea

Reel HORT NEW components al silly prices
Rehm. Memo Wee Pye. Serape. els

5014.7,F/106 Tel Tonal..
50 x 0.1,1/1000 Rebel Pelyesler
20 x 2506 Radial Polyester
B0. 001,1, 400V Axial Polyester
10. 16.1,4504 Tag and Lytics
15 x 32, F,I505 Tap and tylics

TO x 1030,Fil04 Wire eel Lyles
5. 1141/1609 Metal File
2 4500, ii2511 Screw Tee Melee -.redo tytics
6 1500 Jades. Venable - Screwerner
40 x KIR? OR ICI OR OR BC70 New - Weds owl shed -
40 moiled lye capecily pionstyreee Wane 1e6 sed 47116.
30 saseriel anal - RNA type knees. 1,F 111 4.1,1.
200 asserted .W lee wise Metal Oxide resisten
5. 1,11.501 a 70 C Tel Pepe - simile electreac "Nees Ito

Full refund It not stellghtell

T. SCOTT. 37 Regent Street. Rowhedge. Essex

300 47,.1/104 Reed Testelse
40. ,1/0001/ Rebel Polyester
10 x 2.2,1/2501111ediel Pelyeeter
20 x 1.0, Ft 1604 Axiel Polyester
7. 321/4504 Tag eel Lytle.
3. 1500, F/506 Tag NH Lytle:
20 x 10000/350V Feel Sr.
5n r 1:or 9E121, 2', W. W. Res

male.

TRANSFORMERS MANUFACTURED to
specification, many popular types ex -stock.
Fast turn around on volume production. Send
enquiries to Louth Transformers, Queen
Street, Louth, Lincs. Tel: (0507) 606436.

TRANSCENDENT 2000 SYNTHESISER.
Fully operational, with foot pedal and reverb
unit, must sell, £160. Phone Colchester
(0206) 211309, evenings.

MAPLIN DISCO UNIT, only needs light
unit fitting. Unit tested and used twice, fan
cooled heatsinks. Very robust case. Offers
around £180. Also Maplin Organ MESS
1 /2/3/4. All PCBs finished and working
(unit built and disassembled owing to moving
house). Two 61 -note keyboards, 13 -note
pedalboard, rotating base speaker unit,
drawbars and stop tabs, reverb. Offers please.
Tel: 01-445 8336.

ADAM HALL
Cabinet & Flightcase Fittings, fretcloths, coverings,
handles castors etc , Jacks & sockets, Cannons
Bulgtns, reverb trays, Emilar compression drivers, AKG
rnics. Celeshon speakers, ASS glassfibre horns.

Send 30p postal order for illustrated catalogues to.
ADAM HALL (E T SUPPLIES)

Unit B, Charlton Court
Grainger Road, Southend-on-Sea

Essex SS2 58Z

2X80 GAME. Ingenious and challenging
1-2 player game of capture for 1K ZX80. Fully
documented. Send £1 .50 to HINDLE, 139
Penrhyn Road, Sheffield, S11 8UP.

SPEED - VERSATILITY - ECONOMY

Designed originally for logic wiring applications, it is now
accepted and used extensively throughout industry, education
and research. ROADRUNNER Is used by hobbyists, students,
technicians, designers and engineers, to carry out work ow -
P.C.B. REPAIRS 'ANALOGUE BREADBOARDING  SIMPLE
LOGIC WIRING COMPLEX INTERCONNECTING OF MICROS
AND MEMORIES.

EURO INTROKIT £14.84. PROJECT INTROKIT £11.27. PENCIL
WITH LOADED BOBBIN £2.44. WIRE DISTRIBUTION STRIPS:-
GLUE FIX 20/pkt 6" LONG £2.80. ADHESIVE 0.36/TUBE. PRESS
FIX 20/pk1 2" LONG £2.92. SINGLE EUROCARD HIGH DENSITY
3 PLANE (36x18 PIN DILSI £4.50. DOUBLE EUROCARD, WITH
CAPACITY OF 13406 PIN OILS £7.25. PROJECT CARD HIGH
DENSITY &SIDED 20014 PIN DILS £2.65. BOBBINS - BLUE
4/pkt 02.12 GREEN 4/pkt £2.12 PINK 4/pkt £2.12 GOLD 4/pkt
f2.12. 1 OF EACH COL. £2.20. TINNED COPPER WIRE 4/pkt
£2.12 RECOMMENDED SOLDERING IRON FOR ROADRUNNER
HOBBYIST £4.60.

Plam mid 40p for pip + 15% VAT to all orders.

FOR FURTHER INFORMATION
ON ROADRUNNER PRODUCTS

SEND LARGE S.A.E. TO:-

T.J. BRINE ASSOCIATES,
116 Blackdown Rural Industries
Haste Hill, Hsslemere, Surrey

35 GROSVENOR ROAD, TWICKENHAM
MIDDLESEX TW1 4AD TM:01-891 1923

50Hz SUPERBOARDS
BRITISH MODEL
NOW FROM £159.95 0

O + 1/3 VAT + P&P
Fully built, set up and tested

Accessories, software metal cases, etc 0
 AUTHORISED dealer back-up

C.T.S., 1 Higher Calderbrook
O Litdeborough, Lancs.

O Tel. Littleborough 79332
any time

CB CITY
PROUDLY PRESENT

ACCESSORIES
CATALOGUE
SHOWROOM

Telephone:
ALDERSHOT
0252 318141

Monday -Saturday
9 a.m.-6 p.m.
(NO RIGS)

AVERTISEMENT INDEX
ACORN COMPUTERS
AJD DIRECT SUPPLIES

32
100

I.L.P. . . . . . ............
INTERFACE COMPONENTS

20 & 21
68

ALTEK INSTRUMENTS 97 KEELMOOR LTD 77
AMBIT INTERNATIONAL 26 KODE SERVICES 46
AUDIO ELECTRONICS 90 KRAMER & CO 109
AURA SOUNDS 35 LASCAR ELECTRONICS 52
BAYDIS 68 LB ELECTRONICS 76
BK ELECTRONICS 72 L&B ELECTRONICS 101
B.N.R.S. 43 MAPLIN 116
BUTTERWORTHS 100 MARSHALLS 108
CLACULATOR SALES & SERVICE .... 97 METAC 10
CAMBRIDGE LEARNING ENTERPRISES 107 MICRO CIRCUITS 42
C.B. CITY 113 MICRO -PRINT LTD 68
CHILTMEAD 78 MITRAD 47
CHROMASONICS 67 MOUNTAINDENE 45
CLEF PRODUCTS 99 E. R. NICHOLLS 109
CODESPEED 109 NIC MODELS 52
COMMODORE 71 POWERTRAN 2, 8 & 110
COMP, COMP, COMP 114 & 115 PROGRESSIVE RADIO 106
CRIMSON ELEKTRIK 109 RAPID ELECTRONICS 109
CROFTON ELECTRONICS 52, J. W. RIMMER 43
C.S.C. 33 R.T.V C 22
CYBER ELECTRONICS 76 SAFGAN ELECTRONICS 91
DELTA TECH & CO 111 SCIENCE OF CAMBRIDGE 4 & 5
DISPLAY ELECTRONICS 38 SILICA SHOP 100
DORAM ELECTRONICS 56 SPECIAL PRODUCTS DISTRIBUTORS 91
DOVE ELECTRONICS 46 C. N. STEVENSON 92
E.D.A. 46 SURETRON 13
ELECTRONIC MAIL ORDER 68 SWANLEY ELECTRONICS 57
ELECTROVALUE 92 TANGERINE 36 & 37
ENVIRO SYSTEMS 99 TECHNOMATIC 6
GMT ELECTRONICS 97 TEMPUS 84
GREENBANK 51 TIMEDATA LTD 76
GREENWELD 90 TK ELECTRONICS 108
HAMEG LTD 70 TRANSAM COMPONENTS 27
HAPPY MEMORIES 76 T&T ELECTRONICS 92
HENRY'S RADIO 57 & 86 WATFORD ELECTRONICS 12 & 13
I.C.S. 91 WEST HYDE DEVELOPMENTS 106

WILMSLOW AUDIO 43
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BITS & BYTES
8MHz Super Quality Modulators £4.90

6MHz Standard Modulators E2.90

C12 Computer Grade Cassettes 10 for E4.00

Anadex Printer Paper - 2000 sheets E25.00

Floppy Discs 5'/." Hard and Soft Sectored E3.50

Floppy Disc Library Case 5''." £3.50

Verocases for Nascom 1 Et 2 etc. 124.90

Keyboard Cases £9.90

MEMORY UPGRADES
16K (8 x 4116) £29.90 + VAT

4K Compukit (8 x 2114)
£29.90 VAT

EPROM 2716 £12.50 VAT

COMP PRO MIXER
Professional audio mixer that you

can build yourself and save over £100.
6 into 2 with full equalization and echo,

cve and pan controls.

All you need for your own recording
studio is a stereo tape or cassette recorder.

This superb mixer kit has slider faders,
level meters and additional auxilliary inputs.

Only £99.90
plus VAT for
complete kit

Plus FREE
power
supply

valued at
£25.00

Ideal for
DISCOS STAGE MIXING

HOME STUDIOS AND MANY
OTHER APPLICATIONS

NEC
SPIN WRITER

Only
£1490

VAT

NEC's high quality printer uses a print "thimble" that has
less diameter and inertia than a daisy wheel, giving a quieter,
faster, more reliable printer that can cope with plotting and
printing 1128 ASCII characters) with up to five copies, fric-
tion or tractor fed. The ribbon and thimble can be changed in
seconds. 55 characters per second bidirectional printing -
with red/black, bold, subscript, superscript, proportional
spacing, tabbing, and much, much more.

HITACHI
PROFESSIONAL

MONITORS
9" £129
12" - £199

 Reliability Solid state circuitry using an IC and silicon
transistors ensures high reliability.  500 lines horizontal
resolution Horizontal resolution in excess of 500 lines is
achieved in picture center.  Stable picture Even played
back pictures of VTR can be displayed without jittering.
 Looping video Input Video input can be looped through
with built-in termination switch.  External sync opera-
tion (available as option for U and C types)  Compact
construction Two monitors are mountable side by side in a

standard 19 -inch rack.

RRP
£540 only

£399

ANADEX
DP8000

Super Quality - Low cost printer Tractor Feed with lull 96
ASCII character set Accepts RS232C at band rates between

100 and 9600 and Parallel Bit data
Attaches either directly or through interfaces to Pet. Apple.

TRS80. Sorcerer, Nascom. Coropirk,t etc

THE NEW ANADEX
DP9501

A PROFESSIONAL PRINTER
 Bi-directional printing
 Up to 220 chars/line
with 4 print densities
 500 char buffer

 RS23k and Centronics
Parallel interface built in

 Full software control of matrix
needles allowing graphics capability

200 chars/sec  Adjustable width tractor feed.

All this for only £895 + VAT.

COMPUPHONES

YOU NEED NEVER MISS AN
IMPORTANT CALL AGAIN

TWO CORDLESS TELEPHONE
SYSTEMS - DIRECT FROM USA

THE ALCOM only £147 + VAT
Base station connects to your telephone line. Remote
handset clips to your belt and gives you push-button dialling
- Bleeps when call arriving Nicad rechargeable batteries.
Charger in base unit.

THE BOHSEI only £125 Al

Base station connects to your telephone line. Remote
handset stylishly designed in red - Push button dialling
comes complete with charger unit for batteries in handset.

LOW COST TELEPHONE 9 95
ANSWERING MACHINE £9

VAT

Microprocessor controlled answering machine. Plug into
your phone line. Records any phone call messages. Remote
bleeper enables you to listen to your messages from
anywhere in the world. Uses standard cassettes. Comes
complete with mains adaptor, microphone, remote bleeper,
base unit, cassette with 30 sample pre-recorded messages.

_...1111111111=111111111111111111111111111111MMIMIlb._

COMING SOON

26 megabyte
Hard Disc
multi-user

DOS

WE USE THIS
MACHINE IN OUR BUSINESS

COMMERCIAL  EXPANDABLE  COMPLETE
TRS 80  MODEL II

This new unit from the world's most successful micro company is now available
immediately with software.
The basic unit comes complete with 64 thousand characters (bytes) of Memory. The
built in 8" Floppy disc adds another 1/2 million extra characters including the disc
operating system. More disc expansion is now available.

The Model II is a complete unit with a full keyboard including a numeric pad and 12"
screen which gives 24 lines of 80 characters. The computer is supplied with both the
disc operating system and the Level III Basic.
A full self test routine is written into the power up procedure to eliminate incorrect
operation. Both serial and parallel expansion sockets are standard. A printer is a plug-in
operation.
Both hardware and software necessary to talk to a mainframe are included. Terminal
usage is very possible. With the addition of CPM2 you can operate with COBOL,
FORTRAN, MBASIC, CBASIC in which languages are many other applications
packages i.e. accounting, payroll stock etc

64K 1 -Disk Model II £1995.00
RRP £2250.00

1 DISK EXPANSION
Room for 3

500K per Drive gives total
of 1.5M Byte - 1 Drive plus Cabinet £799___ VAT

CP/M2
CIS COBOL
C BASIC
M BASIC
FORTRAN
WORDSTAR

£95.00

£400.00

£75.00

£155.00
£220.00

£255.00
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COMING SOON

26 megabyte
Hard Disc
multi-user

DOS

WE USE THIS
MACHINE IN OUR BUSINESS

This new unit from the world's
immediately with software.

The basic unit comes complete with 64 thousand characters (bytes) of Memory. The
built in 8" Floppy disc adds another 1/2 million extra characters including the disc
operating "system. More disc expansion is now available.
The Model II is a complete unit with a full keyboard including a numeric pad and 12"
screen which gives 24 lines of 80 characters. The computer is supplied with both the
disc operating system and the Level III Basic.
A full self test routine is written into the power up procedure to eliminate incorrect
operation. Both serial and parallel expansion sockets are standard. A printer is a plug-in
operation.

Both hardware and software necessary to talk to a mainframe are included. Terminal
usage is very possible. With the addition of CPM2 you can operate with COBOL,
FORTRAN, MBASIC, CBASIC in which languages are many other applications
packages i.e. accounting, payroll stock etc.

64K 1 -Disk Model II £1995.00
RRP f 2250.00

1 DISK EXPANSION
Room for 3

500K per Drive gives total
of 1.5M Byte - 1 Drive plus Cabinet £799 - VAT

most successful micro company is now available

CP/M2
CIS COBOL
C BASIC
M BASIC
FORTRAN
WORDSTAR

£95.00
£400.00

£75.00
£155.00
£220.00
£255.00

COMPUKIT UK101 EUROPE'S FASTEST SELLING
ONE BOARD COMPUTER

* 6502 based system - best value for money on the
market. * Powerful 8K Basic - Fastest around * Full

Qwerty Keyboard * 4K RAM Expandable to 8K on
board. * Power supply and RF Modulator on board.

* No Extras needed - Plug-in and go. * Kansas City
Tape Interface on board. * Free Sampler Tape including
powerful Dissassembler and Monitor with each Kit. * If
you want to learn about Micros, but didn't know which

machine to buy then this is the machine for you.
40 pin Expansion Jumper Cable for Compukit expansion E8.50 VAT

lUrrlrt1,

NEW MONITOR FOR
COMPUKIT UK101 h Lptor, 2716

 Allows screen editing  Saves data on tape I ,hing cursor Text scrolls down £22.00 r VAT

KIT ONLY079 vat
NO EXTRAS NEEDED

The Compukit UK101 comes in kit form wi h all the parts necessary to be up and
working, supplied. No extras are needed. After plugging in just press the reset keys
and the whole world of computing is at your fingertips. Should you wish to work in

the machine code of the 6502 then just press the M key and the machine will be
ready to execute your commands and programmes. By pressing the C key the world

of Basic is open to you. This machine is ideal to the computing student or Maths
student, ideal to teach your children arithmetic, and is also great fun to use.

Because of the enormous volume of users of this kit we are able to offer a new
reduced price of £179 + VAT

Available ready assymbfed, tested & ready to go £229 + VAT

We give a full one
year's warranty

on all our products.

We now have in stock
demonstration models of the

Atari 800 and Texas 99/4.
COME AND SEE THEM

NEVI TV GAME BREAK OUT M3MIIIM
Has yut to be one of the worlds greatest TV games. You really
get hooked. As featured in ETI. Has also 4 other pinball games
and lots of options. Good kit for up -grading old amusement

MINI KIT - PCB, sound & vision modulator, memory chip
,nil .1, code chip. Very simple to construct £14.90 VAT

OR PCB E2.90 MAIN LSI E8.50 Roth plus VAT

BITS & BYTES
8MHz Super Quality Modulators £4.90
6MHz Standard Modulators £2.90
C12 Computer Grade Cassettes 10 for

£4.00
Anadex Printer Paper - 2000

sheets 1:25.00

Floppy Discs 5';" Hard and Soft
Sectored £3.50

Floppy Disc Library Case 5./..- E3.50

Verocases for Nascom 1 & 2 etc. £24.90

Keyboard Cases £9.90

FOR THE COMPUKIT

Assembler, Editor £14.90

Screen Editor Tape E5.90

Game Packs

1. Four Games £5.00

2. Four Games 5.00
3. Three Games 8K only £5.00

Space Invaders 05.00

Chequers £3.00

Real Time Clock £3.00

Case for Compukit £29.50

All Prices exclusive VAT

SPECIAL OFFER
We will part exchange your Sinclair ZX80

for any of our products.

Refurbished ZX80's-fully guaranteed £69.90
(Supply dependant upon stocks). VAT

We have one of the largest collections of Computer Books under
one roof, along with racks of software for the PET and TRS80.

COME AND SEE FOR YOURSELF

I=
MEN

 N1100a
"Europes Largest Discount
Personal Computer Store"

Please add VAT to all prices - including delivery. Please make cheques and postal orders payable to
COMPSHOP LTD., or phone your order quoting BARCLAYCARD, ACCESS, DINERS CLUB or
AMERICAN EXPRESS number.
CREDIT FACILITIES ARRANGED - send S.A.E. for application form.

14 Station Road, New Barnet, Hertfordshire, EN5 10W Telex: 298755 TELCOM G
Telephone: 01-441 2922 (Sales) 01-449 6596
OPEN  10 am - 7 pm - Monday to Saturday
Close to New Barnet BR Station - Moorgate Line.
* NOW in IRELAND at: 80 Marlborough St., Dublin 1. Tel: Dublin 749933

COMPSHOP USA, 1348 East Edinger, Santa Ana, California, Zip Code 92705.
Telephone: 0101 714 5472526
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STEP INTO A NEW WORLD
WHEN YOU DISCOVER Inorptin

For beginners or professionals, the Maplin catalogue will help you

find just about everything you need for your project.

Over 5,000 of the most useful components - from resistors to
microprocessors - clearly described and illustrated.

Send the coupon for your copy
and STEP UP TO -Am% AIRSINT

MAPLIN SERVICE
NOW

Post this coupon now for your copy
of our 1979-80 catalogue price 70p.
Please send me a copy of your 280 page
catalogue. I enclose 70p (plus 46p p&p).
If I am not completely satisfied I may return the
catalogue to you and have my money refunded.
If you live outside the U.K. send £1.35 or ten
International Reply Coupons. I enclose £1.16.

iDDRESS

maw
ELECTRONIC SUPPLIES LTD
All mail to:-
P.O. Box 3, Rayleigh, Essex SS6 8LR.
Telephone: Southend (0702) 554155.
Shop: 284 London Road, Westcliff-on-Sea, Essex. (Closed on Monday).
Telephone: Southend (0702) 554000.

Catalogue now available in all branches of WHSMITH Price f 1.00


