Australia 85c South Africa 80c New Zealand 85¢c Malaysia $2.25
PRACTICAL

AELECT +RONICS &

in SSSOC|81’.|0|'\ with

d
g Bayham Roa
ncept EIBBU‘IJIIIBS sévenoaks,(em

< < §<
> o = W8 g e P o090
e R GEG WA B LS, B 6 i ol m
@ 2 R s ]

1 L £ S ¥ e 3 i) LI -
3 - o4, 5 & P / 7 7
% ‘ - g £ 3 ogpe 3 o oW o >

- : : 0 4 =l <
g | °] ‘:‘ -cz;f - 3 - . . o v : p
4 5% e = 5 A g E.
2 ® &
g & s | E
) : ;
; _ .
) =L &4

N ¥ ik ¢hiS ISS

A " <
4 5 P — g
% e X"
by =y =&
e b T ' .
3 PR oS R
g2 & ‘ A E
] e § " ; o S )
Y : R L e - o .
2 3 [ L NS : - #
2 e 5 5 3 ‘ g :
B oo oo o EP
2

v
o

b

LY
B

267!
WA
9o
CA
o



Cartridge
1490
owith pasic Kit
g and Hf"nd i
cartridd® __

Electrical knowledge is not a necessity to assemble this project — just simple soldering.

Cheques and Postal Orders to be made payable to TELEPLAY: send your order (No Stamp Needed) to
Teleplay, Freepost, Barnet, EN5 2BR or telephone your order quoting your Barclaycard or Access number.
Queries and Technical Advice offered either by phone or by calling at our shop.

gisisyd | SHOP OPEN - 10am to 7pm - Monday to Saturday
beamal

CLOSE TO NEW BARNET BR STATION — MOORGATE LINE

All parts fully guaranteed.
EUROPE’S LARGEST STOCKIST OF TV GAME COMPONENTS.

14 Station Road, New Barnet, Herts EN5 1QW Tei: 01-440 7033/01-441 2922
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CONSTRUCTIONAL PROJECTS

P.E. V.D.U. SYSTEM—1 by A. A. Berk, B.Sc., Ph.D.

Up to date “one chip”” memory mapped system 1054
FUEL CONSUMPTION METER ByJ. McCarthy

An aid to economy, suitable for most cars 1060
HIGH PERFORMANCE POWER SUPPLY UNIT byR. Lawrence, B.Sc.

Voltage control down to zero, plus current limiting 1070
ANALOGUE COMPUTER—2 by P.J. Kronjs, B.Sc.

Construction details 1074
TWO RANGE TIMER by J. D.Jardine

A portable, inexpensive general purpose unit 1088

GENERAL FEATURES

IMPEDANCE by Toby Bailey and Bob Whitaker

Do you understand it? 1066
MICROBUS by D.J.D. :

A bi-monthly focus on micro’s for the home constructor 1098
INGENUITY UNLIMITED

Capacitor Continuity Tester—Synthesiser Repetitive Waveform Generator
Simple Fuzz—Accenting Metronome—Stereo Indicator

External Input Unit for Synthesisers 1080
NEWS AND COMMENT

EDITORIAL 1049
MARKET PLACE '

New products 1050
SPACEWATCH by Frank W. Hyde

Pluto, More from the USSR, Copernicus discovers Black Hole 1053
POINTS ARISING

Linear Capacitance Meter, Dimwit, Kiln Controller 1058
BOOK REVIEWS 1084
NEWS BRIEFS _

Strain Gauge—Big Brother Check—Micro Power Pack—Computers Galore Club 1087
Underground Cameras—Steam Advice—Here’s To Progress 1090
Teletext Course: 1094
Disc Full of Holes 1102
HOW TO USE YOUR FREE STICKIES 1093
INDUSTRY NOTEBOOK by Nexus .

What's happening inside industry 1097
PATENTS REVIEW

Thought provoking ideas on file at the British Patents Office 1100
READOUT

A selection of readers’ letters 1102

Our November issue will be on sale Friday, 13 October 1978, price 50p
(for details of contents see page 1059)

© IPC Magazines Limited 1978. Copyright in all drawings, photographs and articles published in PRACTICAL
ELECTRONICS is fully protected, and reproduction or imitations in whole or part are expressly forbidden. All
reasonable precautions are taken by PRACTICAL ELECTRONICS to ensure that the advice and data given to
readers are reliable. We cannot, however, guarantee it, and we cannot accept legal responsibility for it. Prices
quoted are those current as we go to press.
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MINI CONSOLES

Ideal for small desk control
panels and consoles.
Moulded in orange, blue,
black and grey ABS.
Incorporates slots for holding
1.5mm thick pcb’s
Aluminium panel sits recessed into front of console
and held by screws running into integral brass bushes.

MC 161 x 96 x 58mm  £2.12 (1-9) (includes VAT}
MC 215 x 130 x 75mm  £2.94 {1-9) (Includes VAT)

(Prices include VAT & P.P.)

ECONOMY QUALITY LED’s

50 for only £5 — 100 for only £9
Mixed bags, all sizes, various colours

e lens lens lens

Full specification LED’s also available
Red (specify size) 75p per pack
Green, Yellow, Orange {specify size) £1.20 per pack
Packs contain 5 LED's, mounting clips and data

Stop wasting time soldering
The NEW MW BREADBOARD accepts
Transistors, LED’s, Diodes, Resistors, Capacitors
and all DIL packages with 6 to 40 pins

Includes slot-in Component Support Bracket and has

SC BOXES

Easily drilled or punched,
orange, blue, black and grey
ABS. Incorporate slots for
holding 1.5mm thick pcb’s.
Atuminium panel sits recessed
into front of the box and
held by screws running into
integral brass bushes.

SC 85 x 56 x 35mm

97p (19} (Includes VAT
SC111 x 71 x48mm  £1.28 (19} (Includes VAT)
SC 161 x 96 x 59mm  £1.81 {19} (Includes VAT)

Add 25p per £1 order value for Post & Packing

470 individual sockets, plus Vcc and Ground Bus Strips
Price £9.72 {includes VAT & P.P.)

TYPE MP NEON INDICATOR
Supplied with resistor for 240 Volts operation
150mm leads, held in 6.4mm hole by nut

Red, Amber, Clear, Opal 20p each

TYPE A NEON INDICATORS
Supplied with resistor for 240 Volts operation
Held in Bmm hole by plastic bezel
150mm wire leads

——— - 4

AA  AG AH
Red, Amber, Clear, Opal 19p each
Green 28p each '

12 VOLTS MINI HAND DRILL
Ideal for drilling pcb, chassis
etc as well as model making.
Supplied with 2 collets that
accept tools and drills with

3/32 and 0.50" dia shanks.
£7.56 (Includes VAT & P.P.)

240 VOLTS MINI HAND DRILLS

Ideal for drilling pcb’s, chassis
etc as well as model making.
Supplied with 3 collets that
accept tools and drills with
1mm, 2mm and 1/8" dia
shanks.

£9.72 (includes VAT & P.P)
Accessory tools... 5 Burrs, 1Tmm, 2mm, 1/8th Drills,
3/32" Collet Price £1.75 {Includes VAT & P_pP. )

SEVEN SEGMENT DISPLAYS

Economy quality

Red, yellow and green

Only 45p each

Common Anode — 0.3*~Left Decimal
Full specification displays

also available as above

Red @ 98p each

Green and Yellow @ £1.35 each.
Data supplied with full spec.

displays only.

Quantity quotations on request

P.P. Note Unless included in price add 25p Post & Packing
for orders totalling under £10. All prices include VAT and
are valid in UK only for 2 months from journal issue date

\

Michoel Williams Electronics
47 Vicarage Av. Cheadle Hulme, Cheshire SK8 7JP

RC BOXES ABS and DIECAST
1.5mm peb slots and close
fitting flanged lids. ABS in
orange, blue, black or grey
colours. Diecast in natural

or grey hammertone colour.
Lid held by screws running
into integral brass bushes.

ABS Natural Hammertone
2 Diecast Diecast
RC 100x62x25mm 68p 70p 93p
RC 112x62x31mm 79p 94p 1.23
RC 120x65x40mm 88p 1.22 1.59
RC 150x80x50mm 1.03 1.64 21
RC 180x110x60mm 1.77 2.53 3.08

Palystyrene version
in grey only, no slots, no integral brass bushes
RC(P}112x 61 x 31mm 61p
All prices are 1-9 off, include VAT, but please add
25p per £1 order value for Post & Packing )

Av A"_ABLE All prices include V.AT. Add 25
for P&P (Extra for ovarssasﬁ
As - P A K Discounts over £10 less 5%, ovar
A I LAS I = IN KIT FORM TRA T S S
92 GODSTONE ROAD Send SAE for complete list of
SEEMET WHYTELEAFE SURREY CR3 OEB | components.
7400 snd 74LS Saies TTL 7N raisy | LINEARS
;g | ne AR | owe MUHE | BNS Y
7400 0.42 1 d L
THE FAMOUS POCKETSIZE 2N L I T N 11 O T O U s i
J g & LM710N -14 0.3
74173 118 112
METAL DETECTOR . i on on 12 G o Wi a2 a1 v
B 5 .21 7493 040 09 B .
Seemet readily detects concealed [ s om O nsiis 328 om0
ferrous and non-ferrous metals within s 034 on | % oe 138 win o i
range of its detector field. Ideal for N i I e 7 13 L
. 4 a R . 74180 0.0 k
finding concealed pipes, wires, nails B0 R 9 e e T s N7801 N 1
etc. One-handed operation, uses e e i o O L g SN78033 1
standard PP3 Battery {not supplied). e oos 1 |0 o4e a0y TAkgg 1
i ; : ; ;
7418 027 74112 0.40 741854 1.20
ONLY £3.25 plus p. & p. 25p. 4 on 74113 030 040 74188 720 R o
(inc. VAT), full instructions supplied. no o g e uig 040 uieg 20 TAsios 10
.. & 7
Y : 7422 01 o 74N8 082 74190 105 O T0A2020 32
Ao > 74191 089 Q.
UNBEATABLE . SS— i om0 Jam ok 74192 088 1 TS 1.0
DIMMER OFFER B WM o | jan o e oe 2 0P AMPs
2 ] Tt o3 o3 | iz os0 s 74195 084 1 Tl S
from Britain’s largest Dimmer Makers. 30 013 02 74124 126 74198 030 11 LM301A T30 048
) 74530 030 74125 040 046 L B 00 LM34BN -4 108
Complete Kit of Parts for our IR | R 62 o oA giros” g ua
i ] 7438 024 026 74132 088 082 74221 150 105 o age
VCL 500M, 500W Dimmer Switch. e aoin | o o T B w0y —oss 8¢
Only £2.00, plus p. & p. 25p. ) 7442 055 070 | 74136 055 040 74249 0 e Bl
(inc. VAT) full instructions supplied 7443 090 74137 084 gy U IM247 14 87
: : 7444 080 74138 (1] 14253 gt LM3900N 5
Send coupon below with your remittance. HOL gune e AL o i MC14S8P -8 04
l..;I_-__p.pl.y_---___s____-_-___-.._-_-_-_____ ! o wie oes | g 1 § 2 e
ease supply: — NAME ! i B B = AEGULATORS
T : HEoan e |GG e | R oae H | tam e
(= o e et S R s I e
4 J g Y B 7805 70220 0.85
] DIMMER KITS i 1454 013 021 74150 0.8 14284 035 1812 10220 0.85
i at £2.26 inc.of p. & p. ] 1455 028 74151 08¢ 050 UL a1z 7815 10220 B35
7480 013 74153 060 056 74290 05 7824 T0220 B85
i ! 7470 028 74154 100 132 24293 135 10 905 10330 118
t | enclose cheque/P.O. POSTCODE t 1417 022 74155 063 008 74298 192 14 7912 10230 118
U forf BLOCK CAPS PLEASE ! AE oot o || R O T | Bas 195 | 815 Toz20 e
t . - 1 73574 050 74158 050 062 74385 05 DIL SOCKETS
{ LLC  Fotherbv Willis El ics Ltd. ! I R T I - A ;;
d ” in
' otherby, Willis tlectronics Ltd. | ST T R S O -
g : ! 7481 080 74163 060 082 74390 192 Kl
1 GLADSTONE TERRACE,STANNINGLEY,LEEDS,LS28 6NE. Mz er Wi o1 120 e 2w B ]
! Telephone Leeds(STD 0532)563373 Telex 557111 ! ' ; ' 2#in 830
7484 080 74168 D99 28 044
L GLYNWED| 7485 088 097 14187 270 i 055
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NOT EVERY CABLE
HASA LABEL =

\_
Everyone who works with electricity needs to know at
some time or other what’s going on inside the cable he's
handling. What voltage. What current. What resistance.
Not knowing the answers, or worse still having
inaccurate answers, can make life difficult, even terminal.

Eagle Test Equipment gives the right answers

The range covers general multimeters, high voltage
probes, clamp meters, insulation testers.

Here are just four. Send the coupon for details of all
the rest.

o

EM 1200 %
I =

KEW 7 Multimeter EM 1200 Multimeter K100 Multimeter EM10, 20 & 30 Multimeters
1000 OPV. DC volts up to 1000, 100,000 OPV. Taut band 20,000 OPV. DC and A volts 10, 20 & 30,000 OPV. All with antiparallax
DC amps up to 100 mA. AC movement. Overload up to 5000. DC and AC amps mirror scale. DC volts to 1000 {1200 for
volts up to 1000. Resistance up protection. Reversible DC up to 10. Resistance up to 20 EM30). DC amps to 250 mA {600 for
to 150 Kohms. Pocket size. polarity. AC amps: 15, AC megohms. "Off” damping. EM30). AC volts to 1000 (1200 for EM30).
"Off” damping. Complete with volts to 1500. DC amps up to Overload protection. R.R.P. Resistance up to 6,5 and 60 megohms
leads & battery. R.R.P. £6.95 15, DC volts to 1500. £68.00 ex. VAT. respectively. R.R.P.'s EM10 £12.40 EM20
ex. VAT. Resistance up to 200 £16.40 EM30 £18.95 ex. VAT.

megohms. R.R.P. £49.95

ex. VAT.

i

TestEquipment: EAGLE

Please send me details of your complete range of Test Equipment.

Name _ Company _

Address ] S

EAGLE INTERNATIONAL Wembiey. vhddiesex Ha0 180 ..

- S S - e S S B S s s e Lam e S e e s e .
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Youlll learn a lot from Heathkit electronics courses.

b A J ]
with fast, reassuring results. \ AL OFFER

Each course is a complete self-instructional package with clear, C d courses
concise instructions in everyday language. You follow at your own pace, » off selecte
using modern teaching aids and expert guidance. 5th October

Four basic courses to start with.
DC electronics, AC electronics, semi-conductors and electronic circuits.
These courses give you a thorough and practical understanding—the key
to all knowledge in the field of electronics.

Microprocessors and digital techniques.
The advanced Heathkit courses take you on to higher levels of
computer technology and advanced circuit design, using the Ve
same easy-to-follow learning system. 9/

Experimenter-Trainers. i
With the benefit of increased practical guidance, these optional
aids will help you through the courses with exceptional speed.

The finest way to learn.
Heathkit courses are used by home students. industrial POP0ttyy
concerns, technical colleges and schools. Theyre acknowledged
as the finest way to learn. And the range of courses is complete
from the earliest stages to the most advanced steps in specialist
fields.

Heathkit electronics courses are a most effective way to learn —

mHeath(Gloucester) Ltd.. Deptnglem, Bristol Road. Gloucester, GI.2 6EE.

Send for the Heathkit Catalogue now. ] ) Please tick the literature you want and enclose the appropriate amount in I
As well as electronics courses, the Heathkit catalogue contains scores of I postage stamps.
electronics kits which you can build yourself. Burglar alarms. radios. (] Heathkit Catalogue only (enclose 20p). I
digital clocks, car tune-up systems, test instruments, metal locators. . I 16 page Computer Brochure only (enclose 20p).
and an exciting new range of personal computers! | I
Forty pages packed with exciting kits you'll be proud to make. Name ] =
I Address — |
RUOILEIN A When yoi receive your catalogue you will get details I I

Iron offer of this frec offer worth approximately £4.75.

There are Heathkt Electromics Centres at 233 Torienham Court Road Lordon
(01-636 7349) and at Bristol Road, Gloucester (Gloucester 29451).

e N | Put a Clamp on those
small jobs with
NODEX quick-grip vice
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Adaptable on all
drifl supports. V-notch
allows fixing of all profiles.

kN T -

Our new 1978 catalogue lists a card frame system . =

that's ideal for all your module projects — they Dimensions

use’d nin t,he ETI System €8 Cqmputer. And Overall length 150mm The patented locking system of the
we've got circuit boards, accessories, cases and Overall width 130mm  Nodex vice allows for instantaneous
boxes — everything you need to give your equip- Overall height 50mm locking or loosening for use as a vice
ment the quality you demand. Send 25p to cover Jaw opening 70mm or as a press. Usable horizontally or
post and packing, and the catalogue’s yours. Jaw height 35mm vertically on the bench top or on the

Jaw width 70mm bench edge.

Weight 850 grammes

Descriptive leaflet and general catalogue available from:
VERO ELECTRONICS LTD. RETAIL DEPT.

Industrial Estate, Chandlers Ford, Hants. SO5 3ZR SPECIAL PRODUCTS DISTRIBUTORS LTD.
L Telephone Chandlers Ford (04215) 2956 J 81 PICCADILLY, LONDON W1V OHL
Tel: 01-629 9556 Cables: Speciprod London W1
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WATFORD ELECTRONIGS & 2

35 CARDIFF RCAD, WATFORD, HERTS., ENGLAND
MAIL ORDER, CALLERS WELCOME. Tel. Watford 40588/ CINESRICE MC1304P

709C 14 pin MC1310
ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS 2068 22 | 710% a8fmC1312pP
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/ 723% MC 1296
P.0.s OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL 15| 4070 - 32 | 733% MC1488%
INSTITUTIONS® OFFIiCIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY 7“;‘3"3"'" mg}:gg:
WELCOME. P&P ADD 30p® TO ALL ORDERS UNDER £10.00. OVERSEAS ORDERS :

POSTAGE AT COST. AiR/SURFACE. mggg%m’

MINIMUM ORDER £2.00 PLEASE. 810 MC3360P

VAT £roor orders no VAT, Applicablo to U.K. Customars only. Unless statod otharwise. oll prices MFC40008
are exclusive of VAT, Pleusa add B% to devices marked % To the rest add 12}%.

We stock many more items. Ea s to visit us. We are situated behind Watford Football 12
Ground. Nearest Underground/ﬂ gm(ion: Watford High Street. Open Monday to Saturday AY-1-6721/6
9.00 am — 6.00 pm. Ample Free Car Parking space lVlllBg AY-3-8500%

POLYESTER CAPACITORS: Axial lead type. (Vaiues are in uF) “\‘J'g'%z‘?‘(’*
300V: 0001 50015 00023 00033 Ba: 00047, 0.0068. 0.01. 0.015. 0018 9p; 0022 A1 5505 NEBSEDBH
0.033. 10p; 0.047. 0.068 14p; 0.1015p; 0.15 0.22 22p; 0.33. 0.47 39p; 0.68 45p. g NESBO*
160V: 0.039. 0.15. 0.22 13p; 0.33 0.47 22p; 0.68.1.0 29p; 15 33p; 2.2 38p; 4.7 47p. €a30 NEB61#
DUBILIER: 1000V: 0.01,0.015 20p; 0.022 ZZp; 0.047 26p; 0.1 38p; 0.47 43p. g:gggg NE562 #

Ak AN
POLYESTER RADIAL LEAD (Values in yF) 250 FEED THROUGH CA30 22 Nggggt
0-01.0-015; 0-022, 0-027 Sp; 0-033, 0-047, O- 068 0-1 7p,0 15 12p; CAPACITORS NEG67 %
022, 0-33 14p; 0.47 16p; 0-68 20p; 1-0 24p; 1-5 27p: 2-2 3 100uF 350V 8p NE571%
RAM2102-2%
ELECTROLYTIC CAPACITORS: Axial lead type (Values are in «F) 500V: 10 40p; 47 68p; CA3075 RC4136D%

: 100 ssg eav 047 1.0. 1.6,2.2, 25, 3.3,4.7. 6.8, 8, 10, 15, 22 9p; 47. 32, 50 12p; ROM2513%

0V: 1.0 7p; 50. 100 220 25p; 470 60p; 1000, 2200 seg 40V: 22,33 9p; 3081 §G3402

3 : 10, 33 7p; 330, 470 32p; 1000 49p; 25V: 10, 22,47 6p; 10 § SN76003N

0. 160 8p; 220 250 13p; 470 640 5p, 1000 27p; 1500 30p; 2200 41p; 3300 52p; SN76013N
4700 54p; 16V: 10, 40. 47, 68 7p, 100, 125 8p; 330, 470 16p; 1000, 1500 20p; 2200 34p; CA3123 SN76023N
10V: 4, 100 6p; 640 10p; 1000 1 SN76033N
TAG-END TYPE: 70V: 2000 98p, "4700 121p; 50V: 3000 75p; 40V: 4000 70p; 2500 65p; 995 gs;g;;;“
25V: 4700 48p; 2000 37p;: 40V: 2000 + 2000 95p; 326V: 200 + 100+ 50 + 100 190p. zggﬂggg :EH;ZO&E: R

OPTO 4415F 795 | LD130% TAAG61A

TANTALUM BEAD CAPACITORS | POTENTIOMETERS (AB or EGEN)
35V, DI F 022 033 047 O6B | Carbon Track }W Log & W Linear values ELECTRONICS* 4415V 795 { | \m3001H
10 22,F 33 47 68 28v. 16 10 | 5000, 1K & 2K (lin onlyl. Single 27p | LEDs plus clip 4419 28
20V: 1.5 16V: 10pF 13p each | 5K0 2MO singlagang Z7p/ (|2 CsRed an2as 5
47,100 40p. 10V: 22F, 33, 47 6V: | 580-2M0 single gang D/P swucn  60p | 111211 Grn 1225
47.68,100.3V: 68, 100uF. 20p each | 5K0-2M() dual gang stereo 70p T2IL2R12 Yeltow 22 825

ed
MYLAR FILM CAPACITORS -2" Yellow Green21
100V 0001 0002 0005 001uF 5p | SLIDER POTENTIOMETERS Spare Clips
0015 002 003 005 O 056uF 7p | 0-25W log and hnear values 60mm S400
01uF 01502 9p 8OV:047, 11p | 5KN-500K( single gang
10K()-500K{} dual gang
CERAMIC CAPACITORS: 50V Selt Stick Graduated Bezels

0 5pF to 10nF 3p each 7 Seg Displays TLO71CPw
LSqH220¢ 330k 470F AP each | o RESET POTENTIOMETERS 372 Can 3" 108 1 0| Los1cex
O 5P | venical & Honzomal TIL313 C Cth 3”105 [M3309N* TLOB2CP#
POLYSTYRENE CAPACITORS © T0 oL, S U TED op | 321 C An S | LIS EJLA?AB{‘%"
100F ta 1nF Bp: 1 5nF 1o 47nF 10p. 0-25W 1000—3-3M0 Horiz 0p o
0 25W 2000—4-7MQ Ven 10p | DI704 CCth -3” 99 ZNa14
SILVEA MICA (values n pFi 3-3 4.7 F?’\57007 CA. .3" 99 88| ZN424
6-8 10 12 18 22 33 47 50 6B.75 | RESISTORS Ene make 5% Carbon 357 140 |- 2N3442% 131
82 85,100,120, 150 220 9peach | Minature High Stability Low nose | MAN3640 165 SE]SZ' 20
250 300 330 360 390.600.820 16p each LCD 3} digit 975 7 N
RANGE VAL 199 100 ACH17# BF195

1000, 1800 2000. 2200 20peach | o o 1 AC125%
Hadciethg ; P | SWITCHES* AC126%
CERAMIC TRIMMER CAPACITORS IW2-20-4 M 2 1.5p | TOGGLE 24 250V AC127%
2 7pF 4 15pF 6 250F 8 30pF  20p | 1W2-20-10M E12 4p | spST 28p

2% Metal Film 100-1MQ 4p | ppDT 33,,
MINIATURE TYPE TRIMMERS 1% Metal Film 5Q-1M. p 8p | 4 pole on/off
25-6pf 3 10pF 10 40pfF 22p | 100 - price apphes to Resistors of sach type | SUYB-MIN TOGG LE
§ 25pF 5 45pF 60pF 88pfF 30p | not mixed values SP changeover 59p
COMPRESSION TRIMMERS PEDIGITAL THERMOMETER | oooy2ions 700
3 40pF. 10 80pF 25-190pF 25p Al parts available. DPDT Centre off 79p
100 500pF 1250pF 38p Send SAE for list. DPDT Blased 115p

JACK PLUGS SOCKETS 14p
- — ‘IA DP c/over  15p
Screened Plastic moulded DT 13p
with ole c/over 24p
2-5mm break 1 BSH BUTTON -
3-5mm contacts Spring loaded
MONO 20p SPST on/off 601
STEREO 24p SPDTc/over  gob
DPDT 6 Tag R

85p
DIN A SWITCHES w Miniature Non-Locking

2 PIN Loudspeaker Push to Make 15p Push to Break 25p

3 4.5 Pin Audio ROCHKER (white) 10A 250V

ROGKER: otk on/oh 10A 250 %
black} on/o \% [

CO_ANTALIIV) ROCKER |l|um|naled (w ite)

PHONO i % 1s when on: 3A 240! 52p

assorted calours. 99 TARY: (ADJUSTAB LE STOF) 1 pole/2-12

Metal Screened 10p 3-way way 2p/2-6W 3p/2-4W 4p/2-3W a1p

ROTARY: Mains 250V AC 4 Amp 45p

-

-

—-—l NN =
—“ROONWWAQUV_SVOVR=0VOoVOVLLPNO =N

-

BANANA 4mm 10p 12p -
2mm 10p 10p DL SOCKETS * {Low Profile — Texas! Tl 2N16714 190
1mm 8p 8p 8 pin 10p; 14 pin 12p; 16 pin 13p; 18 pin 20p; BU105 130 2N1671B#195

WANOER 3mm 9p 9p 20pin2 p, 24 pin 30p; 28 pin 42p; 40 pin 55p. BU205% 190 2N1893w 28

8U208w 225 2N1986% 60

E5567 65 2N2160% 105

DIGITAL MULTIMETER 5 MDBOO1#158 IN2217% 48

2N2218Aw 31

0
Announcing DM900 — The Digital Muitimeter 2N2219A% 22
with a difference — It measures Capacitance too. VDU C H l P . 2N2220A% gg

(as publidhed in E.T.I. August 1978/ %m%%%;: 23
Throw away your analogue meters, here’s digital and M 0 DU LE

MJE340% 45 2N2297 45
accuracy at only half the price of an equivalent MJE370% 55 2N2303% g?
commercial Multimeter.

MJE371% 60 2N2368w
~ R MJE520% 45 2N2369% 15
The DM90O0 is a 34 digit multimeter with an§Convert your TV into a VDU by MJES21# 65 2N2476% 125
0.5in L.C.D. display incorporating: using the new Thomson-CSF, Mjgggg:gg %m%zgg: gg
5 AC & DC Voltage ranges; 6 Resistance ranges. TV-CRT controller chip SF.F 0 IN2646% 48
5 AC & DC Current ranges; 4 Capacitance ranges. 96364. 16 lines by 64 characters, 2N2784% 55
The prototype accuracy is better than 1%. text refreshment, cursor manage-
This is a unique design using the latest MOS ICs ment on TV screen, line erasing,
and due to the minimal current drain, is powered | line end erasing. Compatible with | TiPa2Ba s 8; %N%gggﬁ'fg
BDY6OW 2N29260
£4:50° BDY61*

2
QONW UWWOWONNNONNOOW

[ I I

2N2846% 140

2N2894w 30

2N2904AWw 22

by only one PP3 battery. There is also a battery|any computing system. (Send 20p BDE95A® gg TIP3055% 2ZN2907+% 20

check facility. plus SAE for full technical data.) BD696A* 75 TiS43 36 | 2N2907A® 22

DM900 is an attractive hand-held lightweight| SFF 96364E £11.50° 818DY17#« 195 2N2926G 10

device, built into a high impact case with carrying| AY-5-1013 UART
handle and has been ingeniously designed to] 71301 ROM £8.20° 8

simplify assembly. SFS80102 RAM 1K £2.05° 40673 %

Never before have all these features Ibeen offered} 74L$163 RAM £0.95°

to the electronics enthusiast in a single unit. i £136.50% ;

Complete module Diodes

CRO35% 128

RO33% 1
| %Ng;gg Zeners 400mw
IN3252 2.7-33v 9
BF 183w 2N3302

Price: £54.50® only (p&p insured add 75p) ASC Il Keyboards®

Ready Built units available on order | Full 56 Key ASC H coded key-
Send SAE for leaflet. boards now available.
{Demonstration on at our shop) £49.50* (P & P 75p) BC169C

N R S
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SAXON ENTERTAINMENTS

THE PIONEERS OF MODULAR DISCO/P.A. EQUIPMENT
NOW OFFER PACKAGE DEALS AT INCOMPARABLE PRICES

CENTAU R COMPLETE STEREO MIN| D'SCO

ROADSHOWS — BUILT IN

STEREO DISCOS 50uND 10 LIGHT /SEQUENCER 100 WATT

C/W LIGHT SHOW & DISPLAY, & DISPLAY
YWIN SPEAKERS & LEADS JWO YEAR GUARANTEE MONO SYSTEM

Standard 100W
£249 or Deposit £57.12

12 Months @ £21.75 or'24 Months @ £12.26
+carr. £15

£] 79.50 Deposit £41.66

12 Months @ £15.56
+ carr. £15

Similar in appearance to the Centaur and
complete with loudspeakers and leads.

Headphones to suit any system £7.50

S U pe r 200W EM50Q7 Electret Mic £15.00
ECM 81 Electret Mic £19.95

Boom Stand £15.50

£2 9 9 or Deposif £68.12 Carriage on all disco and PA systems £10.00

12 Months @ £25.86 or 24 Months @ £14.56
+ carr. £15

GX L 200W ( with twin 200) illustration shows GXL Centaur System
watt cabinets These systems feature full mixing for two decks
tape & mic with monitoring facilities — override
. and are supplied complete with sound to light
89 or Del:)05|f £87.32 sequencer, display, speaker leads etc.

Over £150 -
125':.'0;"‘;]55@ £33.31 or 24 Months @ £18.76 JUST PLUG IN AND GO! 5 12 or 24

BSR Decks — 17,000 Line Loudspeakers — Rugged Aluminium Trimmed Cabinets — Cue Light And Phones Months = Low 'nteres*
Output — Slave Output — Deck Lights/Motor Starts {GXL)

{Included in H.P. Prices)

20% Deposit Terms
On All Orders

D.L.Y. MODULES FOR ALL DISCO/P.A. AMPLIFIERS DISCO MIXERS — COMPLETE OR MODULAR
4 SUPPLYIOR * s l
SA308 30W 8 ohms 45V £9.957 wowous £10,90F 3y MONO OR STEREO
| 899900000000
stoocsaamssv - £1325 T G % 7 R 5
8 v ] SUPPLY FOR i " oot
P g 5 £] 4 25 l:rnn':‘:zl:m s ) Avoiloble complete and ready to plug in or os an  Mono module £22.50
SA1204 ]20W 4 ohms 75V £] 595 ONE MODULE .9 R eosy to connect module with ol contrpls except  Stereo module £33.50
SA1208 120W 8 ohms 95V £21.00 VL%, } £22.50 Q“%ﬁ‘,\. opplea, " SHeoty e = L s nobasockesetc £3.90
SUPPLY FOR COMPLETE MIXERS (with )
SAZ404 740W 4 ohms 95V £29.50 Lo o~ 5 FEATURES INCLUDE: Mo::: 18V d WI::«:;.sseo
0-2% Distortion, 30Hz-20, KHz + 2dB, Fully Short/Open Circuit proot input q‘q Twin Deck - Mic & Tope inputs — Wide ronge bass Stereo 18V £57.50
sensitivity 240 mV 1o suit most mixers — D.C. & Output Fuses fitted. < & treble controls ~ Full headphone monitoring Mono mains £45.75
TOP QUA“TY COMPONENTS THROUGHOUT Crossfade — Professional standard performance. Stereo moins £63.75
COMPLETE LIGHTING CONTROL AT YOUR FINGERTIPS! STROBE UNITS
Lighting Control Unit Mk H £44.50
l ol - b 4kW Sequencer - Sound Light + Dimmers
O O o + Automatic Level Integrated Logic| Module £32.50 Pro-Strobe 4-6 Joules £37.50
! N Circitry Panel £2.95 Super Strobe 2-3 Joules £22.50
ok Three Channel Sound to Light £26.75 (Pro's'rObe has external Yrigger
S 3kw ]-24}?W input — master Module £19.75 fCICIiI'y)
Plys channel controls Panel £2.95
SPARES & ACCESSORIES — LOUDSPEAKERS & CABINETS PROJECTORS — PLUTO — NEW LOW PRICES!!!
Rope Lights — Red or Multicolour £39.50 Melos Echo Chamber £59.00 CHOICE OF WHEEL/CASSETTE :
per 30ft.  Headphones £7.50* Ly
Rope Light Controller for up to 120 #£30.00  Sirens: English Police, USA Police, z;gg }gga g?gs'en g;zgg 22:;3,,::’“'5 g;gg
Fuzz lights—Red/Blue/Yellow/Green £22.80 Destroyer, Alien Voice Simulator £7.50 n i ; i
uzz Lights /Blu royer, P500 250W Q.I. £84.95  Picture wheels from £4.75
Magnetic Cartridge Equalisers £3.50* Bulgin 8 way lighting plug/socket  £1.90 (Wide choice available)

100 Watt Chassis Loudspeakers 12 £23.50 18" £47.50 (Add £1.50 corr.)
Empty Loudspeaker Cabinets: Small 12 large 127£21.50  small2x 12 £22.50 | PIEZO HORNS only £7.50

£15.50, large 2x 12" £28 1 x 18" £29.50 YES! - only £7.50
Projector lamps: A1167 £2.90. M6 £5.65.  Strobe tubes 80W £8.50 (As fitted to our package PA system)
100W Spot lamps Red/Blue/Yeliow/Green ICI Vynide 50" wide £3.50 Metre Direct from Motorola Inc., USA at an
£1.50 ea £13.50 for 10 Kickproot Grille 24" wide £3.25 Metre UNBEATABLE PRICE
MD Spot Banks: 3-way 300W £19.50, Kick Resistant Grill 50" wide £3.25 Metre. No crossover required 4kHz — 30kHz rated
4-way 400W £22.50. FULL RANGE OF RE-AN PRODUCTS IN STOCK 75W/8 ohms 150W/4 ohms use two per 100W
Bubble machines (optikinetics) £41.50 SEND FOR OUR BROCHURE NOW!! amplifier — Full instructions supplied.
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SYSTEMS

PACKAGE P.A.

2 Year
Guarante

)

Complete with PIEZO horn columns fitted with 100 watt

units (100 watt system illustrated)

100 Watt £159.90 55"
Deposit £38.46

12 Months @ £14.28

Includes 4 Channel 100 Watt Amplifier with
Treble, Bass and Master Controls plus Leads
and Twin Piezo Horn Columns {shown on right).

200 Watt £249.00 5"
Deposit £57.12

12 Months@ £19.11 or 24 Months @ £10.66
zsix Mixed Inputs plus Three Sets of Bass and
Treble Controls plus Slave Output and Master
Control.

ACCESSORIES
Melos Echo Unit £59.00

A high quality Cossette Tape Echo Unit giving
long tape life, infinitely variable echo depth
and speed control. Suitable for all mics. and
instruments.

High gquality Boom Stand £15.50. Floor
Stand £9.90. ECMB1 Condenser Mic. -
Removable lead — Good Anti-Feedback
£19.95* EM507 Condenser Mic. — Good
Value £15.00. Phasers £19.80.

D.1.Y. MODULES FOR P.A. SYSTEMS Monoor stereo

Make your own mixer — Mono/Stereo — up to 20 channels
with these, easy to wire modules — Available as PCB's or

assembled on panels.

2 o l’ o Iun:l:; Szl;ges PM(oﬂno £5.95 Mono (/W
SASTET|

panel etc.

Ll Stereo
O e £9.50
~ = ‘| ey ba £5.95

o 0 - . £9.50

6 ! bn@ )
£9.50 o

Pl
Send for free brochure for complete specification

Mono (/W
ponel etc.

Power supply for
up to 20 chonnels

£8.95
i £12.50
£8.95
e £12.50
£1.00

BAD NEWS FOR KNOB

TWIDDLERS | 400V Piasiic Case -
L n . L N A

A 30_0W Lightdimmer with NO knob. Dimming and or/off g.SA with trigger as::

functions are controlled by touch. Features include:
8A 80p
# No malns rewiring. 12A 90p
* Easy to build — uses one MOS 1C. 16A 113p
* Switches an to preset brightness. 20A 178p
% Can be switched and dimmed o 25A 205p
from many locations using TDE/K gcac {C106D) 5A/400V ;’;D
ia p

kit making 2-way switching easy.
wk PRICE £9.67 TDE/K £1.08.

LIGHTING CONTROL KITS (300w} TSD300K TOUCH
SWITCH & DIMMER combined. One touchplate for o

Small knob controls brightness.

TS300K TOUCHSWITCH. Two touchpiates, ON/OFF £4.32.
Preset time

TSA300K AUTOMATIC. One tauchplate.
delay off.
LD300K LIGHTDIMMER.

DIGITAL VOLTMETER/THERMOMETER KIT

T TT Y1 LAARES A

Based on the 7106 single
IC 3} digit DV.M. the IN40O1
Kit cantains a PCB, re-
sistors, capacitors, pre-
sets, I.C. and 0.5" liquid
crystal display. Com-
ponents are also included
to enable the basic D.V.M.
kit to be modified to
a Digital Thermometer
using a single transistor
as the sensor.
ONLY £23.76

Switches any appliance of up to TKW on and off at
presat times once a day. KIT contains: AY—5- 1230
Clock/Appliance Timer {C, 0.5" LED display,
mains supply, display drivers, switches, LEDs, triac,
complete with PCBs and full instructions. £14.85
White box (56 x 131 x 71mm) —drilled  £2.70

TRIAC BARGAINS

MPONEN

ff. 02" LED.s

Red 11p (88p/10)

Green 23p  Yellow 27p

DL727 .5" display £1.62

LCD .5" 4 digit £9.72

£4.32 LDR .5" dia. a5p
(4 for £1.08)

n/of
£5.62

£3.02 NES55 31p
741  27p {5 for £1.08)
LM3911 temperature
| £1.08
AY-5-1224 £3.51
AY-5-1230 £6.23
ZN1034E £1.94

ICL7106 DVM IC
IN4148
BC182L
2N3819

MINI MAINS
TRANSFORMERS

Standard 240V mains primary
100mA secondary

6-0-6V 92p
9-0-9v 97p
12-0-12V 102p

-undrilled £2.38

ABOVE PRICES INCLUDE V.A.T.
Quantity discounts on request. Add 25p postage and packing. Mail order only to:

T.K. ELECTRONICS (PE) 106 Studley Grange Road, London, W7 2LX.

Saxon AP100 Amplifier £45
Four mixing inputs — 100W into 4 ohms
Wide range bass & treble controls

+ master — Twin outputs

Saxon 150 Amplifier £59

Four mixing inputs — 100W into 8 ohms
150W into 4 ohms — wide range bass
& treble controls + master

All prices subject to 8% VAT except where asterisked  (123%)
Shop premises open Tues to Sat 9 am - 5 pm Lunch 12.30 - 1.30 pm
Mail order dept open Mon to Fri 10 am - 4 pm Ring 01-684 6385

TO ORDER

Send your requirements with cheque crossed P.O. or
60p COD charge to address below or just send your
Access ot Barclay Card Number NOT THE CARD.

By Phone You may order COD, Access or Barclay Card.
Post & Packing 50p on all orders except where stated.

SAXON ENTERTAINMENTS
327 Whitehorse Road, Croydon, Surrey.

All Enquiries Large SAE Please  Brochures on request

By Post
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90p. Doto ond circuits olone, 20p + SAE

Don't let your environment dehydrote you.
Buy a Honeywell Humidity Controller mem
brone aperated with 1" shaft, ideal far green-
houses, centrally heated homes, etc. Build your
own humidity atarm, 3:75A. Contacts ot 250V
£1.50 eoch. 3 for £4.00

4 oluminium boxes 128 x 44 x 38 mm ideal for
signal injectors, etc. £1.00.

100 miniature reed switches ideal for
burglar alarms, model roitways, etc. £3.30.

6 x 6-pole 12 volt reed relays on boord
£2.45.

High quality computer panels smothered in top
grade components: 5 tbs £4.75; 10 tbs £8.95.

Minigture  edgewise panel mounting level
meters 200 va.fsd 90p.

Muiniature tronsistorised f.m. front end with
integral tuning gang 88-108MHz £2.50.

New U.H.F. transistor TV tuners

Rotary type with slow drive and AE. socket

Aluminium TV caax plugs. 10 for £1.00.
Hardware Packs each containing 100's of items
including: BA nuts ond balts, Nylon, Self-
tapping, Posidrive, “P" clips, Cable clamps,
Fuse holders, Spire nuts etc, etc. £1.00 per
pound. Heovily insulated £.H.T. Discharging
Probe with fead and eorth connector 60p each
Ultrasonic transducers, transmitter ond re-
cewver 14mm diom. 40kcs £4.25 per pair
Magnetic eorpieces with plug ond lead 25p
each. 5 for £1.00.

Crystal eorpieces with lead 40p each. 3 for
£1.00.

10 assorted convergence pots £1

12 quil, low profile 1.C. sockets, 14 pin £1

DE LUXE FIBRE GLASS
PRINTED CIRCUIT ETCHING KITS
Includes 150 sq. ins. copper clad f/g boord,
b ferric chlaride, 1 daolo etch resist pen,
abrasive cleaner, 2 mini drill bits, etch fray and
instructions — only £5.30.

150 sq. in. fibre glass boord £2.00
Dolo pen .90p
1 Ib ferric chlaride to mil spec £1.25
5 Ibs ferric chioride to mil spec. £5.00
instruction sheet 20p

Motorola, 1T WATT AUDIO AMPLIFIER I.C.

9.16V 8-16%, 10-400MV sensitivity, S.C. proof, no heat sink required. Supplied with dota and circuits,

BARGAIN PACKS

VERNITRON FM4 10-7mHz minioture cer-
amic tilters 50p each. 3 for £1.00.

Miniature mains transformers, fully shroud-
ed. 240V in 6-0-6V at 100MA. aut. Ex. New
equipment, complete with mains tead and plug
on input ond short leads on output. 95p.

Semiconductor Bargains

TH3 Thermistors 10 for £1.00.

100 new ond morked tronsistors. Lats of types
including BC148, BC154, BF274, BC212L, 8F200
efc. £4.95.

200 new ond marked tronsistors, including oll
obove plus 2N3055, AC128, BFY50, BD13letc.
£9.95

100 mixed diodes including zener, power and
bridge types Marked and Unmorked £2.95.
Bridge rectifier 100V 2.5 amp. 4 for £1.00.
Brand new ITT 25kV T.V. triplers far Decca
Bradfard chossis £2.50. 5 for £10.00.

50 Germanium diodes ideal for crystal sets
etc. £1.00. )

Full spec. |.R. diodes, 200V 1A, 20 for £1.00.
100 for £4.50. SN76115N £1.00.

BF200, 6 for £V. BC212L, 10 for £1.
BC154, 12 for £1. BF274, 12 far £1
BC148 12 for £1.

Voricap diodes, 10 for £1.

Component Bargains

300 mixed resistors + & § watt £1.50. 300
modern mixed cops, most types, £3.30. 200
mixed resistors, mostly 1 & 2 watt, £1.50. 100
mixed polyester cops £2.20. 100 mixed modern
minigture and ceramic plate caps £1.20. 100
mixed electrolyics £2.20. 300 printed circuit
resistors £1.00. 25 mixed pots and presets
£1.50. 100 rixed carbon film and metal film
resistors mastly miniature lots of volues, £1.20.
500 for £4.90. 100 mixed high wottoge
resistors, wirewound, etc, £2.20. 20 assorted
VDRs and Thermistors £1.20. 25 assarted
preset pots, skeletan, etc. £1.20.

Bargain Parcels Save Pounds

Huge quontities of electronic companents must
be cleared as space required. 1000's of
capacitars, resistors, transistars. Ex equipment
panels etc. covered in valuoble components.
No time to sort. Must sell by weight 7 Ibs
£4.95; 141bs - £7.95.

40p P & P ON ALL ABOVE ITEMS. SEND CHEQUE OR POSTAL ORDER WITH
ORDER TO SENTINEL SUPPLY, DEPT PE, 149A BROOKMILL RD., DEPTFORD SE8
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The Iatest kit
innovation!

the quickest fitting

CLIPON -

capacitive discharge
electronic ignition

in KIT FORM

@ Smootherrunning 7/
@ Instant all-weather starting \ AN
@ Continual peak performance \
@ Longer coil /battery /plug life

@ Improved acceleration /top speeds

@ Optimum fuel consumption

Sparkrite X4 is a high performance, high quality capacitive discharge, electronic
ignition systemn in kit form. Tried, tested, proven, reliable and complete. It can be
assembied in two or three hours and fitted in 1/3 mins.

Because of the superb design of the Sparkrite circuit it completely eliminates
problems of the contact breaker. There is no misfire due to contact breaker
bounce which is eliminated electronically by a pulse suppression circuit which
prevents the unit firing if the points bounce open at high R.P.M. Contact breaker
burn is eliminated by reducing the current 1o about 1/50th of the norm. It will
perform equally well with new, old, or even badly pitted points and is not
dependent upon the dwell time of the contact breakers for recharging the system.
Sparkrite incorporates a short circuit protected inverter which eliminates the
problems of SCR lock on and, therefore, eliminates the possibility of blowing the
transistors or the SCR. (Most capacitive discharge ignitions are not completely
toolproot in this respect). The circuit incorporates a voltage regulated output for
greatly improved cold starting. The circuit includes built in static timing light,
systems function light, and security changeover switch. Al kits it vehicles with
coil/ distributor ignition up to 8 cylinders

THE KIT COMPRISES EVERYTHING NEEDED

Die pressed epoxy coated case. Ready drilted, aluminium extruded base and heat
sink, coil mounting clips, and accessories. Top quality 5 year guaranteed
transformer and components, cables, connectors, P.C.B. nuts, bolts and silicon
grease. Full instructions to assemble kit neg. or pos. earth and fully illustrated
installation instructions..

NOTE - Vehicles with-current impulse tachometers (Smiths code on dial RV1)
will require a tachometer pulse slave unit. Price £3.35 inc. VAT post & packing.

Electronics Design Associates, Dept. PE10, 82 Bath Street, Walsall,
WS1 3DE. Phone: (9) 614791

Electronics Design Associates, Dept. PE10
82 Bath Street, Walsall, WS13DE. Phone: (9) 614791

Name
Address

Phone your order with Access or Barclaycard

it h d.
QUANTITY REGD. Send SAE if brochure only require

Inc. VAT ana PP
LXA KT £14.95
TACHS PULSE SLAVE UNIT £3.35

I enclose chequelPQ's for

£

Cheque No.

Please state polarity pos or neg earth.
Access or Barclaycard No

STORAGE CABINETS

Metal cabinets with
transparent plastic
drawers. |deal for
components, small
parts, nuts, bolts

etc. Many other

uses in the home,
workshop, laboratory
etc.

Type 1118

Choose from the following range to suit your own
needs:

Type Height _ No. of Drawers B Price
(ins.) Total Small  Medium Large

1118 11 18 15 2 1 £8.65

1130 1M 30 30 — — £8.95

1633 16 33 30 2 i £10.95

1150 18 50 50 — £12.95

1860 22 60 60 —~ — £14.95

All cabinets are finished Blue, 12" wide x 53" deep.
Prices include VAT and Post. Satisfaction or money
refunded. Cheque/P.O. to:

MILLHILL SUPPLIES (TOOLS)

35 PRESTON CROWMARSH,
BENSON, OXON. OX9 6SL

S

[/ andom

CELASH “z““;" TWIN BANK 511617

i

o (less lampg) LENGTH

©
o \ M'imchesUN’T
p] KL s “or
e . &% 'tting

wiredready tor use

e 85 T i f11.
?gg‘xlaet‘(ecolc::v‘:del:m 5 £19 i | $ ’ lr ?‘J -’4:n35

that flash Iﬂdepenoe‘;\( [
— Fung £11.35
~ Ewen

SOund to Li ht 600
MASTER UNTY wars | TYPE A spgp

m CHANNEL | (less'iamp)
[.j000o] £30%|  owy
— A, &

TYPE B 3BANKUNIT

{Less Lamps)

BC Fitting E‘S ;—”“E

£2.30:«
£2.30 £2.3p~
‘ TWIN BANK 12i6HT

B‘C‘ Vow T UNIT

£100cs FId =
i £199 800 E199  Jf L  H Lonom
' » g = Ty a
‘\e‘%i% {less lamps)
£5ine £18.50]£5s £18.50

= T.)

100 WATT SPOT LAMPS [amem
RED.YELLOW.GREEN| 1 lamos

BLUE ﬁl 50 sach | £4-50
tu

COEAR B.C.or ES Fitting

nd 20p for lustrated lesfiet & price his:

ALBEN ENGINEERING COLTD.
DEPT PE THE CRESCENT WORSTHORNE,

BURNLEY. LANCS. Tel Burnley 20940
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eLecTROVALUE Buying Guide

=
If you have bought from Electrovaiue, you will know just how large and varied our stocks are. For those who have yet to know, we
are publishing a seriss of five ads. month by month to give up-to-date information and prices on the most important items we carry.
These ads. will appsar in stepped rotation in five journals — Pr. Electronics, Pr. Wireless, Everyday Electronics, Electronics Today
Intntnl. and Elektor so that the complete series will be available each month. In this way, no matter which journals you read,

BY DETACHING AND SAVING THESE PAGES, YOU WILL HAVE A VALUABLE AND COMPREHENSIVE MONEY SAVING
CATALOGUE. ALL MERCHANDISE IS BRAND NEW AND GUARANTEED.

Capacitors ...

volts

CERAMIC DISC ® 0 6.3 21p ELECTROLYTIC, R1524,28.0 x 17.8mm 01 400 @ 15p POLYESTER,
500V: 1.2, 5nF 3p 10 25 12p TANTALUM BEAD 330 18p 01 630 25p B32563 PCM
50V: 0.02uF 3p 10 40 12p Siemens B45134 series 390, 470.500 18p 012 250 [ ] 13p 1.0 400 72p
50V: 0.05uF 4p 10 63 14p uF volts 560, 680 18p 0.15 250 [ ] 14p (Good pulse discharge ratings]
CERAMIC FLAT 10 100 15p 0.1 35 ° 14p 820. 1000 22p 022 250 ° 15p
TUBULAR B37448 @ 22 10 12p 015 35 @ 12p 2200 2ap 033 250 @  18p POLYPROPYLENE.
(2.5mm) 22 25 12p 022 35 L4 14p 3300 36p 047 250 ° 21p B33063. 160V @
0.01uF 63V ap 22 40 13p 047 35 @ 14p 4700 aep 068 250 27p 100, 470, 630pF ap
0.0220F 40V # 3p 22 63 15p 0.68 35 o 14p R2032. 35.6 x 23.0mm 1.0 250 31p 2200, 4700, 5600pF 6p
0.022 uF 63V s5p 22 100 16p 10 35 (4 14p 1500, 1800 18p 1.0 400 a6p 5100pf ap
0.0334F 63V sp 47 3 12p 22 16 [ 14p 2200,2700 24p 2.2 250 51p 6800, 10,000pF 6p
0.047pF 63V s5p 47 10 12p 22 35 L4 14p 3600. 3900 29p a7 250 1.04 POLYSTYRENE,
0.068pF 63V ep 47 25 14p 33 16 14 14p 4700, 5000 33p 10 250 1.81 B31110, 160V
CERAMIC FLAT 47 40 15p 47 16 e  16p 6800 a1p 5.7. 10, 12pF 6p
TUBULAR B37449 @ 47 63 16p 4.7 35 (4 18p 8200. 10,000 56p POLYESTER, 15,22, 27.33pF 6p
{5mm) 47 100 19p 6.8 25 [ 18p RI B32560 PCM 7.5mm 39pF 6p
0.0874F 63V 5p 100 3 12p 10 63 e 1ep  MIXED DIELECTRIC. W voits 47 56.68, 82pF En
o‘oeeuF 63V 5p 100 10 14p 10 16 [ ] 18p 660§/' 0.001 250 ° 6p 100. 120, 150pF 5p
. 100 16 15p 10 25 @  20p 00015250 @ 6p 160, 180, 220pF 5p
0.1pF 63V 6p 0.1 27p: 0.47 72p:
0.22uF 63V 11p 100 25 16p 15 25 31p ey - P: 00022250 @ 6p 270, 330. 390pF 5p
22 100 20 16p 22 63 ® 18p 80% Vooozz 0.0047 18 00033250 ® 6p 470, 560pF 5p
CERAMIC PLATE 100 63 2p 22 16 22p o T O o, 00047250 @ 6p POLYSTYRENE,
(Mullard C333} ® 100 100 28p 22 25 asp 001 20p; 0022 21pi 0068 250 @ 6p
01  27p. 022 48p: B31310. 160V
E12 values 220 3 13p 33 10 22p : 2 : Pi 00082250 @ 7 560, 680. 820pF 5p
1.8pF ~ 18pF 4 220 6.3 15p 47 6.3 22p POLYESTER, 0.01 250 [} 6p 1000, 1500 5p
CERAMIC PLATE ® 220 10 15p 47 16 35p Mullard €280, PC mtg. 0012 250 @ 70 2200, 3300pF 5p
£12 values 220 16 17p 100 3 e 22 0.01.0.015 ° 6p 0015 250 @ 6p 1200, 1800, 2700 8p
220 25 20p 100 6.3 a5p 0.022 ° 6p 0018 250 @ 8p
22 -33pF 3p 3900, 4700 8p
39 — 68pF 3p 220 40 24p 100 10 67p 0.033.0047 @ 6p 0022 250 ° 7p 5600, 6800, 8200 8p
82 - 220pF 3p 220 63 30p  ELECTROLYTIC, 0.068 ° 7 0027 250 @ 8p 10000pF 8p
270 - 1000pF 3p 220 100 47p  TANTALUM, AXIAL 0.1 O 7p 0033 250 @ 7P 12000, 15000 12p
E6 values i?/(()) 18'3 :gp Siemens series D. g;g : gp ggig igg : ?p 18000, 22000 13p
1500 - 4700pF 3 P .1/35. O. . ] Y ]
precaratiats 3 470 16 200 9 zfgg 23,7,/35‘ RS2 gg" 033 e 13 0056 250 @ 9p TRIMMER CAPACITORS ®
470 25 22p i 47, B 047 [ 15p 0.068 250 ° 8p Polypropylene. 10QV, 0.1"
CERAMIC FEED 2.2/35.4.1/35 37p matris
470 40 31p 10/20,29/15 37 0.68,1.0 24p 0082 250 ®  11p
[HROUGHIS) 470 63 4% 4910 P 1s22 a2p 01 250 @ 9% 2-10pF 23p
1000pF 350V 60 470 100 74p we cee 01 100 ® 9p 5.5-65pF 34p
ELECTROLYTIC, 1000 3 18p LACQUER FILM POLYESTER. 0.12 100 ° 12p 2-22pF 27p
REVERSIBLE ® 1000 63 22p {non-polarised) PC mounting 015 100 [ 4 10p VARIABLE CAPACITORS
EX50 series, 50V 1000 10 21p Siemins 832110 Mullard 344- or Siemens 0.18 100 [ ] 14p Jackson ‘Dilicon’ solid dielec.
2uF 25p 1000 16 30p series 20% tol B32234- series as available 0.22 100 ] 12p 100pF 1.70 200pF 1.82
4. 6uF 27p 1000 25 a0p e S 100V 027 100 @ 19p 300pF 1.96  500pF 2.20
8,10, 16yF 30p 1000 40 asp o a8 e 0.047 ° 9p 033 100 @ 16p Jackson €804,
250F 35p 1000 63 76p 5 ezp 0.068 ° 9p 039 100 e 23p air dielectric.
40, 60uF s6p 2200 3 23p e & op 01 ° 10p 047 100 @  20p 5pF  1.39  60pF 1.66
100uF 6sp 2200 10 30p 033 63 70" 0.15 ® 11p 0.56 100 30p 20pF 1.48 150pF 1.89
ELECTROLYTIC. CANS ® 2200 16 a5 027 63 78y 022 e 12p 068 100 25p 50pF 1.48  15pF 1.39
Siemens B41070 2200 25 70p 068 63 84, 033 o 16p 100pF 1.71  30pF 1.86
' 2200 40 77p : B 047 ° 18p 10pF 1.39  75pF 1.66
unsleeved 1.0 63 91p POLYESTER.
1000yF 40V 99p 4700 16 85 45 100 145 008 220 32561 PCM 25pF 1.39
1000F 63V 107 4700 25 96p 10 250 2.01 1.0 27p 0.0t 250 P 5p Jackson Ball Drives, 6:1
¥ 10,000 3 40p . 22 46p 4511BD 1.38
1000uF 100V 150 15 63 93p 27 79 0.022 250 [ 6p
22004F 25V 108  ELECTROLYTIC, 2.2 63 1.60 : 1op 0047 250 @ 7p po)IIND2 eSS
2200uF 40V 1.21 PLUGGABLE ® 33 63 182 gsﬁov : 0.1 250 ° 9p 4489 with calibrated dial4.88
2200uF 63V 150  Siemens B41316 series 4.7 63 2.07 0.01 . 6 022 100 4 11p CAPACITOR CLIPS
4700uF 25V 1.46 uF  volts 6.8 63 259 Sois e e 047 100 @ 17p HORIZONTAL
47004F 40V 150 10 63 13p 10 63 300 oo) o = 1.0 100 28p 25mm 8p  35mm 8p
4700yF 63V 208 22 63 13p 10 100 506 0033 A 8'; 44mm 11p
ELECTROLYTIC, CANS @ a7 63 13p o o e POLYESTER, VERTICAL
Daly, sleeved 10 63 13p SILVERED MICA, 350V o1 ° 11p B32562 PCM 25mm  8p  30mm 14p
1000/25 48p 22 40 13p 1% {or $pF) ® 0.68 24p 0.47 100 o 17p 35mm  8p 41mm 8p
2200/50 94p 22 63 14p A611, 12.7 x Bmm. All in pF. 082 2ap 1.0 100 30p 44mm 10p 51mm 14p
5000/25 98p 47 16 13p 22335 11p 10 27p 22 100 48p 64mm #14p
4700/100 361 47 40 14p 68 10,15 Mp 22 a8p
ELECTROLYTIC, &y 63 18p 18,20, 22,25 1Mp  s00v
axial lead ® 100 6.3 14p 27,30.33 11p 0.01 [ 7p
Siemens B41313/ ]gg 18 N2 EGRER 1p 0015 ° 7 l
B41283/B4101 P 56, 68 1
A 100 40 1 100 130 POLYESTER, Axiatiead ANOTHER ELECTROVALUE SPECIAL
047 63 21p 100 63 24p 150 14p  Siemens B32231 series We are now National Distributors for
047 100 12p g%g 18 129 zgg ;7;: WF  volts
1.0 40 21p P 3 op 001 630 13p
1.0 100 12p 220 16 18p R1015, 165 x 11.4mm 0.015 630 13p NASCOM I
22 25 12p 220 25 19 82,100 11p 0022 630 13p MICROCOMPUTER KITS
2.2 63 12p 220 40 23p 120, 150 11p 0.033 400 ° 13p
i§ 1?2 12? 2;3 133 135 ;gg. ggg. ggg gz g.g:; i(s)g e 130 for delivery from £197.50
- P LA 4 P stock. Net from + V.AT.
4.7 40 12p 470 25 25p 330 15p  0.047 630 16p . o " A
a7 63 12p 470 20 29p 470 16p 0068 250 ° 1ap Quantity discounts. Trade Enquiries invited.
a7 100 14 1000 16 26, 1000 200 01 250 @ 1ap
P P
® GOODS SENT POST FREE U.K. on C.W.0 orders ® For ACCESS or BARCLAYCARD ordérs, just phone 5
over £5 list value. If under, add 27p. handling or write your number. o
charge. ® No discounts allowable-on prices marked NET or N.
® ATTRACTIVE DISCOUNTS on C.W.O. orders L4 I’i/g‘é 2:LAR"IE?‘AT:AZEE:(;80L83:EO%FTT;g:
5% where list value is over £10; 10% where list E
. NEXT MONTH'S TO ADD TO IT. 28, ST. JUDES ROAD.ENGLEFIELD GREEN,
® OUR COMPUTER-AIDED SERVICE TAKES
® TOP QUALITY MERCHANDISE ALL GOOD CARE OF YOUR ORDER NO MATTER EGHAM, SURREY TW20 OHB
GUARANTEED. HOW LARGE OR SMALL. Telephone Egham 3603 Telex264475
® VAT - add 8% to value of order. For items ® COMPREHENSIVE PRICE LIST FREE ON i
marked ® add 123%. REQUEST. Northern Branch - 680,BURNAGE LANE,

BURNAGE,MANCHESTER M19 1INA(061)432 4945




] [ ELECTRONIC COMPONENT CENTRE
—“"“‘“‘"’ 58-60 GROVE ROAD, WINDSOR, BERKS
SL4 1HS (TRADE AND EXPORT WELCOME)
N HOTLINE FOR TELEPHONE CREDIT CARD ORDERS —
=~~~ ELECTRONICS LTD. WINDSOR 54525
M To R DISTRIBUTORS READERS OFFER: OVER £10 DISCOUNT 5% OFF. (THIS MONTH)
SE IGON Duc QUANTITY DISCOUNT FOR 100 OF ONE TYPE 10% OFF 1 UP PRICE
Cho-\u. or cash orders over £5 Post Free. Other orders add 20p Post & Packing. Credit Card orcers £5 min. by post or phone. + Pont & Packing 20p. UK add 8% to prices
moarked'. Add 12 V1 % VAT to ell other prices. Fres price list send S.A E.
All devices to makers specifications. Please quots ET) ad as prices may change. E.&O.E. 1978. Callers welcome Tues to Sat {Lunch 1-2}. b,
6"x4” DilBoard  £2.25° DISCO TRIAC 10A 400v TRANSISTORS 7400N SERIES TTL CMDS TOP VALUE It Iy
PP3 or PP Clips. Pair 15p* £l Look al our Pak T. Ten Plastic ALL FULL SPEC BRANDED 400 15p* 4066 S8p*
Din Plugs. Alt 19p  BAI0D Diac 25p* Power Sl 7400  8p* 7475  4dp” 4001 15p* 4067 g4 TOP TWDSOME!
OinSeckets. Ml 10p  CIDGD4A 400v SCR S5p+  Or PakC:& x 2N30S5 € 7401 9p" 7476 35" 4pgp 17p+ 4069 22p* 556 PinTimer  27p
Disco Strobe Tube €5+  TAG 1/400 lamp 55p*. 1/ Maiching 20p*. tns Kit 10p* 7402 10p" 7480  39p* 4006 £1* 4070 32p*  T41C Full spac DIL 8.
DEVELDPMENT PAR- 600 65p*  ACI2T 17p” BFYS0 16p* 7403 10p* 7481  £1* 4007 18p* 4071 21p* Branded Dp Amp  19p°
MICRO POWER SUP-  CELS. Al €5each  Swilches Mini SPST 55p*  ACITE 10p* BFYS) 1sp* 7404 17p* 7482  f£1% 4008 92p* 4072 21p*
PORT SET 1: 250x50 volt Ceramic ~ Min! OPDT 69p*. Cenire oft ACIB7 20p" BFX29 28p* 7405 9" 7483 €1 4009 58p* 4073 21p*  NEW LINEARS Data 10p
Ail ull spec Grade 1 displays Capacitors 5%. 10 each. 89p™ ADI6! 40p= BSX20 18p* 7406 28p* 7485 £ 4010 58p* 4075 23p* TLI70 Hall etect 69p*
OL704 CC or OLTOT CA 0.3"  From 22pft0 0.1u €5  Shide Swilch 25p*  AFI62 40p* MJ2955 €1 * 7407 28p* 7486  35p° 4011 15p* 4076 £1.29+  TLOTI Lo noise 741  75p*
€1.25% SET 2: Tantalums luf 1o Push On 35p  AF239 42p* MJEMA0 44p* 7408 12p* 7490  36p* 4012 18p* 4077 40p+  JLOBI FET 8p. 741 69p*
FND500 CC/161 C 0.6 200ut 20v 10 35 voll. Total  FULL SPEC PAKS ALLE)  BCI07  8p* MJE29SS E€1% 7409 12p" 7491  75p* 4013 5Sp* 4078 21p* TLOBIFET 747 €1.49+
£1.25 50 capacitors £5 Pak A: 12xRed LEOS £1%  BCI0B  8p* MJEIUSS BOR* 7410 10p* 7492 359" g gype gp) 22p*  TLOBOFET 748/308 £1.15%
MANGA Type/1614 0.6 SET 3: Hectrolytic 25 volt Pak 8:6 x 741C B ph BC109  g9p* MPUI3I 35p 741 227 7493 3% 4015 sppr 4082 20p*
£1.25° 10 sach (80] 1/2/5/10/ £1 BCIOOC 15p* ORPIZ  S5p* 7412 22p" TAM  7Sp 40z 99p* 4089 £150* IC SUPERMARKET
0L747 CA or DL 750 CC 41/100/220/1000 €5 Pak € 4x2 NI30S5. TO 3 BCI4T 12pe TIPIA  60B* 7413 28p* 7495 75 4yp ggbe ggu3 85p+ 301 0p Amp 30p*
£1.69% SET 4: % watt Resistors 5% £1°  BCMB 12p TIP42A B5p* 7416 2Bp* 7496  BSP"  4qpn gye geny sope 398 Timer [NESSS)  27p*
Clock IC AY51224 £3"  CF.1DoachIDomio 10 Pak 0:12 x BCI09 £1*  BC49 12p TIPZ9S5 60p* 7417 2Bp* 74100 £1.05* 4001 g0 4egy £3+ 556 Dual 555 70p*
Display PCB § Digil 0.6” g4~  meg ohm. Tofal 500. Bulk Pak E: 13 x BCIB2 €1 BCIST 15p TIP30SS 50p* 7420 10p* 74107 29p° 4000 * 4510 £1.35¢ 710 Comparator 40p*
LEDS. Bright full spec. packed in | bag €5 PakF: 13 x 203704 €1 BC158 15p TI543  35p 1423 26p* 70121 27p" 4023 20p* 4511 £1.68+ 123 Requlator 45p*
020r 0.125" Red  10p* SET 5: Zoners 400mw 5 PakG:? x BFY B £1°  BCISQ 15p 2N2646 39p* 7425 26p* 74123 S9p*  ,po 76p* 4512 9gp+ J4ICEPn OILOPA  19p"
TIL209 Red 4Clp  12p*  oach. 20 values 3 volt to  Pak H: 7 x 23819 sfe! BC167 10p M2005 22p* 7426 26p" J4141 85p° 4o 1ggw 4504 gpp6e  T4ICTONor 014 39p¢
0.2" Dia Red & Clip  12p* 33 voit (Total 100) €5 £1 BCIGB 11p 2W2926Y 10p 430 10p® 7443 €314%  ypp7 gope g4gig gy opc  T48C OpAmp 33p*
Yellow or Green LEOs SET6: —100 Presets  £5 New Pak I: 10 x Metal  BCIGY 12p 2N30S3 16p* 7432 20p* 74145 85p* 4028 90p* 4518 £1.05¢ 3900 Quad OpAmp  55p*
0.2" or 0.125” Oia. AlI20p= SET 7: Heawsinks. 10 off.  Trim. Knob '4” dia [syn-  BCIT7T 18p* 2N3055 45p 7440 14p* 74147 £1.69 029 €17 4520 £1.90 78051 Amp Svoll  95p*
12 volt Fluorescent Light Each TO1B. TO5. Tv4 thesiser elc.) £1*  BCI7B 16p* 2M3614 €1+ 1441 79p* 74152 £2¢ 030 58p* 4521 £2.68+ 1805 T03{309K] £1*
£5¢  [TO%9\andsmall TO3  Pak J:6x2M3053 €1  BCI79 1gp= 2W3702  9p Tz B7pr IS €2° g3 Cgys a5z gze  TB0Bor 7812 £1.25¢
Jackson Tuner 370p1 €1 £5¢  Pak K: 50xN4148 €1 BC1B2 10p 22MITO4  9p 7435 69p" 74155 B0P*  ypa  fre 4508 +  TBIS 15 voit plastic  69p*
Trimmer 0-8 or § to 40p! PASSIVE GEAR Pak L: 50 x 33uf 10 veit BCIB3 10p 2W3T06  9p 7446 889: 74156  80p* 4035€1.20¢ 4534 £7.88* 7900 Negative Series
25p  Resistors '2 watl 9% CF 2p slectrolytic £1 BC184 10p 2N3BI% 18p 7447 BZpﬂ 4157 €1 4038 €1.08 4536 £3.60* i £2.50%
Coit Former & Slug 0.3 0ia  Presets Type PR Vert  10p  Pak M: 4 x Pairs Plastic  BC212 12p 2N3820 38p 7448 £1" 74164 €1* 4040 €£1.05* 454] £1.50+ B03B Sig Generator £3.55*
25p  Type 45 Pots Log & Lin 25p Power 2amp 60 voll.  BC213 12p 2W3904 15p 7450 |5P; 4174 61" 4041 8Bp* 4543 £1.75+ 16013 & 76023 £1.35
Relay Mint 3 Pole 12 volt ~ CAPACITORS NPN/PNP BO131/2 Type BC214 12p 2N3%06 15p M1 15T TA6 €1 4gep grpe 4353 fa4ge  CAIIAACAIIN0  S4p
Coil gy Ceramic 50v 5% Hi Stab 22pt €1 BCY71 20p* 2M4347  S0p* 7453 1SpT 74190 £2¢ g4 96p: 4556 7gp* LM3B0 | wattAmp  8Sp
RS Type Bleaper 9 lo 12y to0.1uf & 22/47  5p Pak N:50 x 0ABI/91 €1 B0I131 37p~ 2W5857 32p 7454 1Sp* TAI®  £2°  yg44 gpe 458 gr.17+  LM3B] Oual Preamp £1.55
£1.50 Tantalum Caps 12p  Pak P: 20 x Plastic 109 80132 37p* 2N5777 44p* 7460 15;!ﬁ 74193 sz“ 4046 £1.30% 4566 £1.59¢ LM387 Dual Preamp Uﬂ
Oalo PCB Pen 2 nibs  70p* ELECTROLYTICS 25 volt €1 80695 Sen: TIL31 [2: 7470 Z‘Jp' 74194 Ez,, 4047 99p* 4569 £3.59+ LM3900 Quad OPA  5Sp
TUB Farric CHL kg, E1* 1710/47/100u1. Ml 10p Pak Q: S0 x 220uf 6.3v  BD696 69p* THE3 £1 7472 ZSpr 74196 “'30* 4049 52p* 4583 £1.10° MC1310 Oecoder £1
Decan Board Cleaner Pad (50 valt 20p) 220 or 470ut _ Vait Electrolutic € DIODES & BRIDGE T3 257 TAIOT €1* 4006915+ 4585 £2,05+ MCI460. 1461 & 1469 £3°
50p* 30p Pak R: 14 x BCIOT €1 14 50v Bridge 22p 7474 297 74198 €2  4p63 41 40n MCMOS 14433, A/0 €5
6x4” Nylon/Capper Board :( %Jggszslvnl; . ?gp Pak S: 14X BCI0B €1 INA148 or INQ14 ap* :Eggg ;f,l,?” 2;:4‘
60p* - 1" dia & trim 158 pak T: Top sellin 0ABI o 0AS) 5| ) N ! :
Vero Stcked AT1 10% ot WEAT SINKS.TOS& 18 10 np Mast Power 60 OAZ00 & 207 100 DILISOCKELSRSion L2BERZBiAn £1 NESS60ual 555 70p*
S Do feee T 9p - Low 24 Pin 50p 40 Pin £1.50  TBABID Tw AF £1
i.e. 3%"x5"x0.1" Board P volt 2 amp BOBI Type INAQOT 1A50v Profil Taor 16Pin 15 INA14 Ragi 65
56p* V4 25p". T03 small 25p* £1 IN4004 7p*. INADOT 15p* rate B 200 P
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Become. |
a radio
amateur.

Learn how to become a radio-
amateur in contact with the whole
world. We give skilled preparation
for the G.P.O. licence.

WAA

. S S A S s B A O3 B NS AR

Brochure, without obligation to:

BRITISH NATIONAL RADIO PEK10 §
& ELECTRONICS SCHOOL, [}
P.0.Box 156, Jarsey, Channel Istands. |
NAME - =
|
ADDRESS {Block caps please) i
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N UNIT

(P.E. OCTOBER 1977)

PE SUSTAI

BUILD A SUSTAIN UNIT EQUAL TO THE
BEST COMMERCIAL MODELS.

COMPLETE KIT - £7.95
ALL HIGH QUALITY COMPONENTS
AS SPECIFIED.

DESIGNER APPROVED.

[
Y T 00 vCassas

U ;;‘q\ﬁ\
dhad

Complete set of semiconductors £4.99
@ LP1186 Tuner Head £9.60
1Oter Glass fibre PCB, printed with component
locations £2.45
Complete set of semiconductors £9.40
@ Glass fibre PCB, printed with component
amplifier locations £3.50
PE DIGITAL VOLTMETER (APRIL 1977)
SPECIAL CLEARANCE OFFERS (while stocks last)
Set of semiconductor devices including all I.C.'s, transistors,
diodes, regulators etc. but without displays. £13.50*
Set of two professional grode printed circuit boards in
%Icss fibre and printed with component locations. £1.95%
omplete set of resistors, including attenuator resistors. £1.00%

Complete set of capacitors, including 2200uF power supply (3}
INA116 56.(30‘ with circuits, ZN7447A £1.00*. ?BMOS regulator 55p*.
IN423E1L.00%.  pETV SOUND SEPARATOR

Complete set of semiconductors £2.30, High quality glass fibre p.c.b. £1.00.
Murata filters: SFE6.0MA 35p. CDAS.OMC 35p.

P & P 15p per order. Orders over £5 post free.

All devices are top grade, brand new ond to full manufocturer's spec. We do not
sell seconds or rejects. Send $.A.E. for our doto sheet and price list.

Prices do not include VAT—add 8% to items marked*, and 124% to all

others.
(Mail order, callers by

DAVIAN ELECTRONICS appointment only).
13 Deepdale Avenue, Royton, Oldham OL2 6XD 4
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OUIERS!

Tomorrow's Electronic Organ Kit is Here

GALAXY
The Flagship of the
WERSI range of
Organs

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 inte-
grated circuits, so-called IC's,
simplifies the organ construction
considerably. A single IC may
replace up to 10,000 conventional
electronic components. In
addition, IC's 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 technigues and unsur-
passed musical capabilities.

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

USED BY WEST GERMAN
BROADCASTING SERVICE

PLAYED BY KLAUS
WUNDERLICH AND OTHER
FAMOUS ORGANISTS

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-LSI.
Integrated electronic keying in I°L technology
Unique—AIll switch functions are program-
mable.

Even the smallest organ has drawbars in addi-
tion to fixed stops.

Craftsman-made cabinets available in 5 veneers
Ready-made wiring harnesses eliminate errors

Send now for the 104 page full colour catalogue
and 16 page price list describing the 8 organs in
the range, together with the complementary kits
which WERSI! produce.

To: AURA Sounds, P1., Copthorne Bank, Crawley, West
Sussex.

Please telephone to arrange demonstration 0342 713338
| enclose £2-00, refundable against my first order to the value
£25-00. Please send the Wersi catalogue and price list.

Practical Electronics  October 1978
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SEMICONDUCTORS POTS & IRONS

SOCKETS
G B o e | _ ROTENTIORETERS LEDs DISPLAYS & OPTOs
1612 14 pin DIL £0-14 ARBON POTS (Linear Track) DUAL GANG LOG-ANTI.LOG POT Ojno. Type Size Col
1613 16 pin DI £0-15 Single gang with wire end terminations. 1888 Track specification as dual gang pots 1501 TIL209 led 125 R&;’u' Price
1614 24 pin DIL ST 6mm > 50mm plastic shaft 10mm bushes VC2 as above, but tracks mounted to log- 1502 TIL211 led 125 CREEN £0 10
supplied w:th shake proof washer & nut antl log action. £075° 15 3 EOR19
1615 28 pin DIL Do eI S (el o 158:4’ I%ﬂa leg 125 YELLOW  £019
1616 TO18 Transistor  £0-12 ° ) SPECIAL VOLUME CON B z RED EUMO
: TROLS 1505 FLV310 led
1831 1k ohms £0-26* 1836 47Tkohms £026* | A miniature 18 - 2 GREEN £0 19
1617 TU3 Transistor  £0 35 | 1832 2k2ohms £0 26+ 1837 100kohms £0 25° | volume contiol Incorpormiing enaie nere | 1o B 'S 2 YELOMRE SRS
16117 TO5 Transistor £0-12 1833 4hTobme £0 26° : . ontrol incorporating single pole 1510  BDL707 display 3 RE .
°F e 0 26" 1838 220kohms £0 26 on-ofl switch. Resistance value Skohms 1511 8DL747 di B s
1834 £0 26* 1830 470kohms £0-26° | Tolerance 4 20% 1/8watt rating. i Eotay 3 RED £150
1835 22kohms £0-26* 1840 1Meg  £0 26° | 1889 £0-27° /vca' Sy e D Szl sl oy 3 RED £1 80
VOLTAGE 1861 2M2 £026° 1514 ORP12 Light dependent
resistor
REGULATORS MINIATURE RDTARY VOL 1520 OCPT £0-55
CARBON POTS (Log Track) ;ONTROL i OCP71 Phota tianssistor £0 35
Positive 1842 &kTohms £0 26* 1846 100kohms £0-26* S s i el el B, LeodcLiEs
MVR7805 v.a. 7805 T0220 €100 | 1843 10kohms €0.26° 1847 220kohms €026 | 1o Some g nin g connections 17mm | 130825 pack of § 125 clips £0 15
MVRIB12v.a 7812 TO220 £1 00 | 1844 22kohms £0.26° 1848 470kohms £0.26° | 1or rentonerermy N9 Nt Used mainty | 150812 pack of5 2 chps £0418
MVR7815 v.a. 7815 TO220 £1 0p | '84547kohms £0-26° 1849 1Meg  £026° | 1890 “Eosa veo
MVR782¢ v.a 7824 TO220 £1 00 1820)2MaRF 0126 TRt e oo tand s, SR ADERL EDS
D POTS A standard sizes and colours which tail to perform
Negative B q to th 5 H
DUAL CARBON POTS (L A range of wire wound single gan ts (] eir very ngid specitication, but which are ideal fo
MVR7905 v.a. 7905 TO220 £140 | Thecehighquality dual qang(p:":s:"::l:")ed with linear tracks of 1 watt ragng?ﬁpl?ed amateurs who do not require the tull spec '
MVR7912 v.a. 7912 TO220 £140 | with wire end lerminations and 6mm paeomingoss iandictiaptisdieitbEERaREs O/no. 1507 90p
MVRT915 v.a. 7915 TO220 £1 40 | SOmm plastlc shafl 10mm. bush ind sup. | Sgof washerand nut.
MVR7924 v.a. 7924 TO220 £1 40 plied with shake prool washer & nut track NUMERICAL INDICATORS
t 1891 100hms £0-80 1895 2200hms £0-80 | Cold cathode |
_a. 723C T099 tolerance + 20% but matched to with = old cathode ITT 5087ST Side viewiny indicat
oz e o oo | RS L I ot S0 e A ¢ Dl (o e gt WS i S
B ohms B perates from 180v with 16Kohmis seres anode resistor.
LM309K TO3 £150 | 18514K7 £0 78" 1855 100kohms £0 78= | 1894 2 Oohms £0-80 1898 2k20hms £0-80 | Character heignt 16 Snun P o1y o ratls
:égg ;g:o:ms fg;g' 1856 220kahme £ 18+ 1899 aklohms  £0.80 et g nun Pin connectors and supply detaits
ohms * 1857 470kohms £0 78° O/no. 1513, 5 for 60
1854 100kahms £0-78* 1858 1 Me! . | PRE-SET POTS = AR D
ZENER DIODES Tety DM o yiea E0T8 | 4RIZONTAL MOUNTING
AO(I)T:; (B2y88" 1'307 Glass encap- M‘miam,rehtyne for transistor circuits. The BRIDGE RECTIFIERS
sula range of voltages avail- wiper of the preset is provided with lot
able. 1:3v. 2 2v. 2 Tv. 3-3v. 3 9v. DUAL CARBON POTS (Log Law) for screw driver adlus‘:men! Th; laagss gl ;"'ICON gariy
4-3v. 4 v, 5-1v. 5-6v, 6-2v. 68v. 1860 4k7ohms £0 787 1864 100kohms £0-78° the preset will Ait printed wirlng boards S%SERMS Order No. Price
75v B2v. 91v. 10v. 11v, 12v, 13v. | 1861 10kohms £0 78° 1865 220kohms £0-78* | withanpitchot2 S4mm. All tracks are linear BRSO £0-20
1862 22koh . 100V RMS BR
;8" 3'36" 3'93"‘ 20v, 22v, 24v. 27v. [ 1863 4 Tanme 28;: :gg; “Tegm fo 25 Iva& 200V RMS BR”;gg e
v, 33v, 39v eg 0:-78°* £0 25
No. Z4 8p ea. 1868 2M2 £0-78° ;ggi ;gﬂohms £0:08* 1808 22kohms  £0°08° 20,:/.::: ) BR1/400 £0.36
? 2 2200hms £0-08* 1809 4Tkohms  £0-08* amp
-1 .

L teg™ fuastic and meta) enco. | SINGLE GANG SWITCHED (Lin Lawy | 1393 4700hms £0 087 1810 100kohms £0-08° o [ BRg=0 £0.45
e R e g Aoty oinae Tt Eolateaes e M e 133; 1kahms 2‘;33 1::; 220kohms £0-08- ;ggx mg g:znog £0.48
. 0 59y . double pole on-oft i : 't 4 £0-08° 2/20 £0-5
e S B | ety o ihug | 1806 di7onms £008: 11 Iwabma” £ou: | 400V TAS Bl 23
6.8v. T5v B2u. 8 1u. 10v. 4w, | GE Specificatian of pol is. g5 ¢ C) e | 1807 10kohms £0-08* 1814 2M20hms £0-08= | 1000V RMS BR2/1000 £0 68

2ay 2hy Sou 330, Aoy agv 82%: | switch rating 1 Samps at 250y AC 1B1SLEMTohmsBIEOIORE . 2 AMP METAL STUD MOUNTING
68v, 72v. 75v. 82v. 91v, 100v 1870 4k70hms £0°60° 1874 10 P o Koo Sofvolt
Okohms £0 60° RE-SET POTS £0 30
No. Zi3 15p ea. 1871 10kohms £0-60° 1 A2 100 volt
875 220kohms £0-60° VERTICAL MOUNTING £0 35
10w Metal stud type SO10 case. 1872 22kohms £0-60* 1876 470kohms £0:60* Miniature type for ftransistor circuits. No. KBS02 200 volt £0 40
Range of voltages available, 1-3v. 1873 47kohms £0°60" 1877 1Meg £0-60° Wiper adjustment 1s made by a screw
g 2v,2:7v. 3:3v, 3 9v, 4 3v. 4 Tv, 1878 2M2 £0-60° g"ve(; s‘m Designed fo fit 2:54mm pitch THYRISTORS
1v, 5:6v, 6 2v, 6 8v, 7 5v, 8 2v, oard. tracks are linear law
9-1v. 10v, Mv. 12v. 13v, 15v, 16v. | SWITCHED POT (Log Track) ucTs , S EORAC Al ) Wit VO® Exe
18v, 20, 22v. 24v. 21v. 30v. 33v. | Specificatian as VC2 but track having (log) | 1019 soaonms £o-os, 1523 22kohms  £0 087 o Priceiyl|fvollNiNe: Brice
st oo i U ston | SIS 0 G B | ppveem | osinens, o
v, v 1 . ohms £0-08° ohms £0-08° 016 /100 £0-51
No. 210 35p ea. 1357,8 :gzgnx: 28 :g: :ggi ;gg:ohms £0 60° 1819 1kohms £0 08° 1826 220kohms £0-08° 30 THY600/30 £0-20 200 THY7A/200 £0°57
150 ggrohms £0 60 1884 220kohms £0.607 | 1820 2k20hms £0 08° 1827 470kohms £0 08 50 THY600/50 £022 | 400 THY7A/400 £0 62
1882 4THGhme £0-60° 1598 108 ohms EO-SO' 1821 4k7ohms £0-08* 1828 1M 2qohms£0-08 100 THY600/100 £0-25 600 THY7A/600 £0 78
SILICON  £0/60+ 1886 Meg £0 60 1822 10kohms £0-08° 1829 2MoGhme £0-08 200 THY600/200 £038 | 800 THY7A/800 £0 92
RECTIFIERS 1830 4M70hms  £0 08" 400 THY600/400 £0-44
200mA 10 Amp TO 48 Case
15920 50v £0-06 ANTEX IRON v i
15921 100v £0-07 | O/No. 1943. 15 watt high auatity solder ‘ s Uamo TO5 Case | ' *1Hvioass0 0t
15922 150v £008 ity soldering [ O/No. 1931. Highly popular 25 25 watt | Voits No Price | 100 THY10A/100 £0 57
sy £0 09 iron totaliy enclosed element in a ceramic aquality sotdering iron ceramic shafts to 50 THY1A/50 £0.26 200 THY10A /200 £0 62
15324 300v £0 10 shatt fitted with 3/32” bit £3.80 D'?‘vide ne'ag‘goeorlecll Insxléﬁon break-down 100 THY1A/100 £0-28 400 THY10A /400 £07
TAm vollage o volts and a leakage T
o £0.0a; | ©O/No- 1947 Replacement element for 1943 | current of aniy 3-5uA and another shaft of 200 LN 20 £032 | 600 THyioA/s00  £9.99
3 on 8 10A/800 £1 22
IN4002 100v £0 05 £1 90 stalnless steel to ensure strength. £3.60 600 THY1A/600 £0-45
m:ggg sgg: :ggg ﬁg:o 1944. Iron coated bit 3/32” '0;3943 8{:’:0 1935. Replacement element 'DH-QQSJ 800 THY1A/800 £0 58 16 Amp TO 48 Case
IN4005 600v £0 08 % | o/No. 1932 I . Vults_ No. Price
. . on coated bit 1/8” for 1931
:::ggg ?888\, gg ?3 2(,":0 1945 lron coated bit 1/8 '01‘23943 iran £0 50 3amp TO 66 Case “5)3 }’:ng:l?go :gg:
46 | O/No. 1933. lron coated bit 3/16” lor 1931 | Volts_No. Price | 200 THY16A/200 £062
:531'2%9 X %r:o 1946 Iron coated bit 3/16" tor 1943 Tron £0-50 Sg ;mgAISO £0°28 400 THY16A/400 £0 77
v £0 46 | O/No. 1934, 1 . 10! A /100 £0°30 | 600 THY16A/600 £0 90
15020 100v €010 | o ol 388lionlicoated lbitis/SRiA o 331 EN N WEr Al o0 £033 | 800 THY16A/800  £1-39
15021 200v £0 11 /No. 1948. General purpose 18 watt iron () £0:50 400 THY3A/400 £0-42
15023 400v £0-13 | fitted with fron coated bit. £3.60 | O/No.1953. SK1 soldering kit—thrs kit con- | 600 THY3A/600 £0-50
15025 600v £012 | O/No. 1952. Replacement efement for 1948 | 3165 bit s o spare bite, o reel of | S0 THY3A/BO 085 | Vons e
15027 8 h . it plus two spare bits, a reel of olts 0. Pric
.3»;138& :g 3| iron £1:90 | solder, heat-sink and a booklet ‘how to 50 THY30A/50 £1 13
15031 1200v £0 25 | O/No. 1949. lron coated bit 3/32” for 194 | SO!der’ In presentation display box. £5.55 | 5 Amp ToleaCasel|| o JHYI0AMOOREEICe
¢ 200 THY30A/200 £163
3 Amo on £0 46 O/No. 1939. ST3 soldering iron stand. Volts No. Price 400 THY30A/400 £1:79
IN5300 50v £014 O/No. 1950. Iron coaled bit 1/8” for 1948 Stand made from high grade bakelite 50 THYS5A/50 £0 36 600 THY30A/600 £350
IN5401 100v £0 15 e t material chromium plated strong steel 100 THY5A/100 £0-45
IN5402 200y £0-16 0 45 spring, suitable for all models, includes 200 THY5A/200 £050
IN5404 400v £0-17 O/No. 1951 tron coated bit 3/16” for 1948 accommaodation lor six spare bits and two 400 THYS5A/400 £0 57 No. Price
IN5 305 620 £021 iron £0 46 sponges which serve to keep the soldering 600 THY5A /600 £0-69 BT101/500R £0-80
IN5407 800v £0-25 Irog onsteiean; £150 | 800 THY5A/800 EOREL gmg"sm £ 5
IN5408 1000w £0-30
BT107 £0 93
TR120 TR101 TRO53 TR203 TR205
l‘&&?oosov D €110 €110 £ 10 £ 10 €1 10 PCB TRANSFERS 5 Amp TO 220 Case | gtk £0108
1540/100 100v £0-21 TRI14 TRa12 VoS No, Price | 2N3535 £0-77
1510/200 200v £0-23 . (] (] o ’ £1-65 £1 10 400 THYSA/400P £6-57 BT X30/50L £0-33
1510/400 400v £0-35 ,.. 6 — 800 THYSA/600P  £0-69 | BTX30/400L £0 46
13101600 00v £042 | € 50 £1 65 €175 agoo08eagope| 800 THYSA/800P  £0°81 | C106/4 £0-60
10/809 800v £0-51 °
0%
1510/1090 1000v £0 60 [111] 0000000 poneosee o ° l TFas
1510/1200 1200v £0 69 ; N ©a0 £ 95 ORDERING. Do not forget to state order num-
°
L[]} oo0aand oo
30 Amp a00000 0082000090008 ber and your name and address
1530/50 50v £056 ; . !
1339/100 100v £0-69 Draw your own boards with the new BI- etch-resist pen. 11 different paks available v o .
1530/200 200v £0.93 PAK etch-resist transfers. Lay the symbols each cantaining 10 sheets of transfers as AA.T. Add 12:% to prices marked®. 8% to
1S30/400 400v £1-25 on the board, rub owver with a soft pencil. illustration—approx size—Special those unmark §
| B ed. Items marked are zero rated.
:_gg;ggg gggv g ;g The transfer wiil adhere to tRe board. Then Introductory Set, 1 pak each of above T
183971000 ‘0;0 £2 31 complete the circuit with your BI-PAK £12.00. P& :
380000 ooy G i P 35p unless otharwise shown.
60 Amp )
:370;"58050\10 £0 75 930 SERIES DTL D.l.Y. P.C.B.
70/100 100v £0-84
1570/200 200v £1.20 stso £0-30 BP948 £0 50 ACCESSORIES
1S70/400 400v £1 75 | BP932 £0 30 BP951 £0°65 &F
1570/600 600v €225 | BP933 £0 30 BPos2 £0 30 | |ooo Eteh reslstant pen 5p
1570/800 800v £2 50 BP 1608. Paks of etchant, complete with 80p
B0 o £ 935 £0-30 BP9093 £0 42 PR lohs
BY X38/300 6A 300v £0 45 gggi‘:’ :g 55 BPO0OED 42 | 264 pieces 8 - 3:” (approx.) boards
BYX38/600 6 A 600v £0-60 30 BP9067£0-42 Single-sided fibre glass 80p DEPT. PE10, P.O. BOX 6. WARE. HERTS.
BYX38/300 Rev 6A 300v  £0 45 BP945 £0-50 BP9099 £0-42 | (C27.3 pieces 7 » 3i” (approx.) boards
BYX38/600 Rev 6A 600v  £0 60 | BP46 £0 30 Double-sided fibre glass s0p SHOP 18 BALDOCK ST., WARE, HERTS.
AT OPEN 9 to 5.30 MON—SAT.
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Type Price Type Price Type Price Type Price Type Price Type Price
AC107  £0 22 BC125 £017° BD18S £0 68 BSY26  £0 16 2TX107 £0 10° 2N2926Y E: o
ACi13  £020 BCi26 £0 22° BD186  £0 68 BSY27  £0 16 2Tx108 £0 19° 2N29260 £0 08
~C115 £0 20 BC132 £0-18° BD187 £0 75 BSY?8 £0 16 2TX109 £0 10° gugﬁms
XC117  £o 3 BCI34 £018° BO1BE  £075 BSY20  £016 7Tx300 £0 12° 926
AC117K  £0-3¢ BC13s £0 15+ BD1g9  £0 78 BSY38  £019 ZTx301 £0 120 2N3010
AC121 £0 20 BCtas £0 18 BD190 £0 78 BSY3S £0 18 2Tx302 £0 16° 2N30tt
AGl2)  E01a BCla7  £018e BD1sS  £090 BSY4D  £029 7ZTx3q £0 160 2N
ACiss  £048 BC139  £0 32 BD196  £0 90 BSY4r  £029 7Tx30s £0 200 2N30S4
AC1s6.. E01s BCl4p  £030 BD17  £095 BSYS!  £025 ZTx3sp £0 150 2N30SS
AcCi2y £018 BC141  £028 BD198  £095 BSYIS  £013 7rysnq gg 14c 2NBN £
ACios £018 BCia2  £0 22 BD199  £099 BSYISA E£013 Fry5p; go 120 2NIINA
AC12BK £0 26 BC143 £0 22 BD200 £0 99 BRY39  £045 Soygn g e 2N3392 £
AC132  £0 20 BC145 £0 46 BD20Y £0 B0 BUYOS £1 40 F7ys03 g0 120 2N3393
AC134  £0 20 BCl47 £0 08° BD202 £0 80 BU105/02 £1 95 Fryon, o 45 2N3304
AC137  £0 20 BC148  £0 08° BD201:202 £1 70 BU204 £170 Zrys3y go 260 2N3395
ACta1  £0 z2 BCiag £0 o3 BD203  £0 80 BU205S  £170 55555, 5o 960 2N3402
AG141K  £0 30 BC150 £0 20° BD204  £0-80 BU208 ~ £2 25 2N3403
ACi42  £0-20 BC151  £0 220 BD203/204 £1 70 BU208'02 £2 95 2N3404
ACl42K  £0 30 BC152 £0 20 BD20S £0 80 26301 £0 22 2N3405
AC151  £0 20 BCi153 £0 25° BD206  £0 80 2G302 £0 22 2N3414
AC153  £0 22 BCis4  £0 19+ BD207  £1 00 £ 222 £ 2G303 £0 22 2N3415
AC153K  £0 30 BC157 £0 10 BD208  £100 2G304 £0 30 2N3416
AC1S4  £0 20 BC158 £0 100 BD222 £0 4T MATIO0O £0 19 G306 £0 40 2N3417
ACt55  £0 20 BC159 £0 10° BD225  £0 47 MATION £0 20 26308 £0 36 2N3614
ACi56  £0 20 BCleo £0 32 BD232  £0 55 MAT120 £0 19 55309 £0 36 2N3615
AC157 £0 25 BC161 £0 338 -BD233 £0 48 MATI121 £0 20 2G339 £0 20 2N3616
AC165 £0 20 BCie7  £012° BD234  £0 55 MJ480  £0 95 2N3646
AC166  £0-20 BC168  £0 12° BD235  £0 55 MJ4s1 £1fos 2G2S SRE S
A 0 B Eo1s BD23%6  £058 MJa  £0 95 26340 £020 2NGT02
AT A Bl f01e BD23T  £055 MJag  £145 26345 £013 ZRATO0
AC165  £0 20 BCGi7o  £0 10+ BD238  £0 60 MJUE340 £0 45 263N £0 18 283704
ACt1Y  £0 25 BCi71  £0 100 BDX32  £220 MJE3T0 £0 68 2G371B  £0 12 QNJ 05
AC176  £0 1 BCi72  £0 1g° BDY11  £1 30 MUEIT1  £0 80 2G3r3 £0 18 Ng';og
AC1ISK  £0 28 BCi73  £0.42¢+ BDY17  £180 MJES20 £0 65 2G374  £018 N
ACi78. Eo0-2s BCiT4  £0 95+ BDY20  £0 80 MJES2t £0 72 26377 £0 32 oQ5 2
AC179  £0 25 BC17s  £0 3s+ BDX77  £0 90 MJE2955 £0 98 2G378  £0.18 gm;og
ACI180 £0 20 BC177 £o 16 BF!15 £0 22 MJE3055 £0 60 2G3ast £018 5010
AC180K £0-28 BC178  £0 1§ BF17 £0 50 MJE3440 £0 52 2G3a2 £0 18 2Ng71
ACi81  £020 BCi79  £01s BF18  £075 MPBI3 - £052 5401 g0 32 N2
ACIoik £o a4 BCigs  fo2s BENS  ENTS MPFI02 £035 2344 £032 3Nyrrs
AC187  £018 BCisy €0 25+ BFi2l  £0500 MPF1 E038 5207 £028 onomie
ACIBTK £0 28 BC1s2  £0 tor BF123  E0 80T MPFI0S  £0 38 2NaR1Y
AC188  £018 BCiszL £0 10+ BF125  £0 500 MPSADS £0 307 23820
ACigaK £0 24 BCisy £0 19+ BF12T  £080° MPSAQS £0 300 ongss g0 36 SNane)
AGY\T  £032 BCraa £010r BFS2  £025 MPSASS £028° Su3gsA  £056 aNase
ACY18  £0 26 BCig4  £0 19c BFIS3  £025° MPSASG £0 28° 2N3803
ACvis  E07s Blas Eoige BFISE  £022° NDio g0 1a 2040 20 2N3004
ACY2o €0 2¢ BCiss  E£0 22 BF1SS  £0°35 2N524 £0 40 2N3905
ACY2 €028 BCig7  £0 22 BFIsE  £028 2N527 £0 50 2N3906
ACr22  £0 2 pgcoyy g0 110 DBEIST  £0.28 OC19 £0 85 2N598  £0 40 2N4058
ASYar £y 24 DS E0NND BRisB  £035T OC20 £1 85 2N599 £0 46 2N4059
Acvs £0 2 D23 £ 13 BFIsS  £0 35 OC22 £150 ,ng06  £0 93 2N4060
AGY20  £0 35 chg &5 12 BFIGD  £0307 0OC23 £1 50 oNgo? £0 12 2N406Y
ACGY30 £023 Doala, 919 BF162  £030° OC24  £135 oNeus g0 12 2N4OG2
ACYH  £025 Beaya- go yye BFI63  £0300 OCas  £1 00 pneyg g0 37 2N428d
: 213 0 11° BFi64  £0 50° 0C26 £1 00 2N4285
ACY34  £0 25 péa1aL £0 1 2N706  £0 10
ACY35 £0 25 gc2 £ . BF165  £0-50° OC28 £0 80 O lo06A  £0 12 2N4286
ACY38  £0 38 214 E81z BRIGT €024 OC20 £0 95 JNTOA  £o 4 2N4287
ACveo £022 DG2L E£0120 BFI73  £0 20 OC3S £0 90 20701 0 17 2N4288
ACres £02s BG225  £0260 BFi7e  £0 38° 0OC36 £0 90 2N4288
AGvas g0 24 DG226  £0367 gFi77  £026 OCA4 £0 20 2NN £0 30 5N4290
ADia0  £0 70 DG227T  £016° BFi73  £0 28 OC42 £0 22 2NTVT  £0 30 5Ng99s
ADI40 £0 60 BC238 £0 18° BF179 £0 30 OC44 £0 24 2N718 £0 25 pNg2g0
AD142 20 83 BC251 £0 15: BF180 £0 30 OC4s £0 20 2NT18A  £0 S8 9Ngo99
ADl43 £o 73 DC251A £016° BFias £0 30 OC70 £0 24 2N726  £0 29 2N4921
DG Eoep BCIM  £028 BFig2  £030 OCH £0 15 2nN727  £0 20 2N4923
ACieS  foap BC32  £028 BFIB3  £030 OCw2 £0 24 N743  £0 20 2NS135
Al f04, BC303  £028 BFis4  £020 OCT4 £0 26 anT744 £0 20 2N5136
DI 6220 35 BC301  E0 38 BFis  £020 OCTS £0 30 oNot4 £u15 o2N5138
AR 85 BC327 £016* BF186  £0 26° OC76 £0 35 2Npg18  £0 30 oN5172
ADI140 £0 55 BCs  £0 15" BF1E/ £0 26 OC77 £0 50 24920  £0 20 2N5194
R £02t pcay g0 15 BF1S3  E0 40 OCH £0 22 5oL £0 18 oNS245
AF116 £0 21 BC338  £015° BF1od  £0 107 0C81D  £0 24 HNgep £0 40 2N5204
AF117 £0.21 BCHO £0 30 BF195  £0 10° 0C82 £0 24 5u1131 40 18 2N5296
AFlis  £0 ¢ BCam £0 30 BF196  £0 10° OC82D  £0 30 oNy13p  £0 18 2NS257
Al E03 BC0  £038 BRI £0 127 OCES £026 51302  £0 15 aNS4s8
AFi25 £0 39 BG4S £0 38 Br19s  £0 14° 0C8¢ £0 38 5N1303 £0 T8 2NS459
AF126 £0 30 BC47 £0 20 BF199  £0 14° OC139  £1 20 ,y1304  £0 18 2N5551
AFi2; 503 BC4  £020 BF200 £0 30 OC140  £115 554305  £0 18 gyngg27
AF139 £0 35 BC419 £020 BF202 £0 90* OC160  £035 oy1506  £0 25 oynet2n
NE 03 BCse7  £012: BFzzz  £090 OCII0 €035 oNi307 €0 25 any
AFITS  E0 80 pesy g 120 BF24  £017 OCITL £035 oniage  £0 w0 2ier2z
AF180 £o g BCS%  £0 12+ BF240  £0 17° 0C200 £0 38 541300  £0 30
AF1 BCs50  £0 14+ BF24t  £0 17* OC20t  £0 95 54599  £0 35 \ .
AFIS1  £0.88 pisse gg 140 BRI £0 30" OC202  E1 20 jnieis g0 20 s £9.%0
AF239  £0 g" BC557  £0 13° BF257 £0 30 0C203  £0 85 541711 £0 20 53300a £0 43
Arne  £1 mcssm o g0tz BF2m o £030 OCBM SO0 antses  E045 ¢ 3g £0 56
ALz £120 BCse g tac BF2so g0 42 OC0S  £115 onigen  £045 53300 £0 70
ASvze £035 BCY3 £o.ss BFIEZ £060° 2N1893  £030 25305  £0 80
ASvsy  £odg BCY3l  £055 BF2E3 €0 80° paga g0 35 2N2147  £035 55306  £0 80
Asves £o03 BCY® g0 BF2I0 £038 pyo £0 45 2N2148  E0 40 55357 £0 80
ASvzo £03ss BCYss £0ss BEEM L0 % 2N2160  £1 00 o531 £9 57
ASY50 £0 3 BCY31  £060 0 80 282192  £0 38 25322  £0 43
ASvsy £ BGyio go1s BEZ  £0367 RXO08B £2 50 pnpa3  £0 s 23 322A £0 43
ASver 030 BCYn  £ods BEZIL L0387 R2I0B L2860 onpioe  £038 2533 £0 67
ASYss £0 30 BCY72  E0 M grige TpaTig 2N2217  £022 25324 £0 TN
ASYSs £0 30 BCZ10 £0 60 ar3ys  go3oc ST140  £015 2N2218  £022 2535 £0 71
ASY56  £0 30 Bg'; £0 :g BF338  £033 STHT  £020 2N22i8A £ g 25326 £0 T
ASYS? £0 30 BC2! £0 Fa3 25327 £0.71
ASYS: £030 BOUS  £050 oraia  £0 3y . 2N2219A & T4
ASY73 £030 BDi6  £0 80 7 Ticad  £0297 oNp22)  £0 20
AUtos  Ef 40 0Dl £9 80 BRase  E03. Ticds  £0 35 ana2oi  E£0 20 40311 £0 38
ADIS E1 G BRI2 g0 83 B £0 30 TIP2dA  £0 40 pNadiA £D 22 40313 £0 95
AUTIS  £140 BDIa  £0 70 Brase o2 uiE RE aes, 38 & £0 95
BDI31  £0 38 BFRA0 £0 25° T|p3pA £0 50 oo 40317 £0 40
o N2 £01
BCY07  £0 08 53131 132 £0 18 g:::’;g £ ;: TEIOBIE aFeY %szgg £0 1 2833? :o" ::
BCI07A £0 08 BDI33 - £0 80 DEX2> £ 22 Tipeoa  £p 4 2N2000A 014 suyde £0-45
BCIO7B £0 08 BDI3%  £0-30 BFX30 £0 30 Tipoim  £q 43 2Nl E£928 4034 £0 65
BCIO7C £0 08 BDi13  £0 35 BEX3:  £022 TiboiD £y 4y 2N2412 E025 4033 £0 30
BC10B  £0 08 BDI137  £0 35 BFX83  £0 24 Tiboya  £g 49 202046 £047 40360 £0 36
BCi10BA £008 BD138 £040 B TIP32A  £04% o711 £0 22 40361 £0 36
BC108B £0 08 BD13g  £0 36 ;xss £ g TIP32B  £051 an2ri2  £0 22 40362 £0 38
BCiose £008 BDiiy o6 Brxa £03; Temc £053 oNgya4  £022 4006 E0 85
e HY B 3E 8 & 22 TIP4TA  £049 oNogo4  £0 18 40407 £0 35
AR BEX90  £0 58, TIP41B  £0 51 ono304n £0 21 40408 £0 52
080 DEvey fote TIP4IC EDS3 onjgos  E0 18 doas £0 TS
BC113~ £018° BDI76  £0 80 BFYs2 £018 TIba2h  £o 53 2N2305A £020 40410 £0 78
BCi14  £018° BD177  £0 68 BFvss  £016 Iipa2B  £035 oN2a06  £0 16 a0a1t £2 70
BCI15  £019° BD178  £0 88 BIPID  £0 38 Tipass. - £9 31 2N2306A £019 s0a30  £0 95
BC1t6 £0 19° BD179  £0 75 BIP2D £0 38 T.p§°5?, cs so 2N207 - £0 20 40476 £1 60
BCi16A £019° BDIB) £075 BIP19/20 £08) 1o £o.3q 2N2X0TA £022 4040 £0 70
8C117  £0 20° BD181 £0 85 BPX25 145 TS0 £0 22° 2N2023  £0 15° 40495 £0 80
8C118  £0-14° BDI1B2 £0-99 B8SXxt9 £013 2N2324  £0 15° 40512 £1 35
BCt19  £0 25 BD183  £0-95 8SX20 £0 13 2N2325  £0 15° 40594 £0
BC120 £0 40 BD1BA  £1 1o BSY25  £0 18 UT46 £0 22 2N2326G £0 09° 40636 £1 10

Type Price Type Price Type Price Type Price Type Price
7400  £0-10 7427  £0-2¢ 7472  £0 20 74105 £0- 74163  £0 78
740t  £0 1% 7428  £0-33 7473 £0 25 74107 £0 27 74164 £0 85
7402  £0 11 7430  £0 12 7474 £0 25 74110 £0 45 74165  £0 85
7403 £0 11 7432 £0 22 7475 £0-20 74111 £0 67 74166 £0 95
7404 £0 11 7433 £0 7476 £0 25 74118  £0 80 74174  £0 86
7405 £0 11 7437 £0 23 480 £0 ¢4 74119 £118 74175  £0 66
7406 £0 26 455 g9 23 7481  £0 85 74121 £0-24 74176 £0 T4
140 "5._00'21‘; 7440  £0 12 7482 £0 68 74122 £0 38 74177 £0 15
7400 £0 13 7441 £0 50 7483 £0 70 74123 £0 46 74180 £0 84
T0  E01z 1442 £05% 740 g£o 8B I3 g0 T4 4181 £3 &0
7a11  go 47 1443  £088 7485  £0-25 74141 £0 55 74182 £0 T4
Jal2  £o20 144  £0-88 7486  £0-B8 74145 £0 62 74184 £1 18
7413 £0 24 1445 £0 65 7489 £1.95 74150 £0 95 74190 £1 00
7414 £o 50 1446  £0 65 7490  £0.32 74151 £0 58 74191  £1 00
7416  £0 28 7447  £0.60 7491  £0-64 74153 £0 58 74192 £0 95
7417 £0 26 7448 £0 7492  £0-37 74154 £0 95 74193  £1 00
7420  £0 92 7450 £0.12 7493  £0-30 74155 £0 60 74194 £0 89
7421 £0 20 7451 £0 12 7494 £0-75 74156 £0 60 74195 £0 82
7422  £0 16 7453  £0 12 7495  £0.-50 74157 £0 60 74196 £0.89
7423 £0 23 7454 £0 12 7496 £0-82 74160 £0 78 74197 £0 85
7425  £0 19 7460  £0 12 74100 £0.92 74161 £0 78 74198  £1 45
7426  £0 23 7470  £0 25 74104 £0 39 74162 £0 78 74199 £1 &5
Type Price pe Price Type Price Type Price Type Price
CD4000 £0 15 cmms £0 98 CD4026 £1 70 CD4043 £0 98 CD4070 £0 40°
CD4016 £0 50 CD4027 £0 60 CD4044 £0 94 CD4071 £0 23
CD4017 £0 9! CD4028 £0 98 CD4045 £1-40 CD4072 £0-23
CD40'8 £1 00 CD4029 £1 15 ( D4046 £1 30 CD4081 £0 20
CD4019 £0 55 CD4030 £0 55 CD4047 £1 10 CD4082 £0 23
CD4020 £1 10 CD4031 £2 20 CD4049 £0 55 CD4510 £1 30
CD402% £0 98 CD4035 £1 30 CD4050 £0 55 CD4511 £1 60
CD4022 £0 90 CD4037 £0 95 CD4054 £1 10 CD4516 £1 40
CD4023 £0 20 CD4040 £0-95 CD4055 £1 40 CD4518 £1 25
CD4012 £0 20 CD4024 £0 80 COD4041 co 82 CC4056 £1 35 CD4520 £1 25
CD4013 £0 52 CD4025 £0-20 CD4042 £0 82 CD4C69 £0-40
Type Price Type Price Type Price Type Price Type Price
CA3011 £1 05° LM30Y £0-39* MC1456 £1 40° 709P  £0 25° SN76115£1 80°
CA3014 £1 70° LM304 £1 60 MC1466 £4 50 UA710C £0-40° SN76660£0 35°
CA3018 £0 75° LM308 £9 40° MC1469 £2 95 74710  £0 30° SL414A £1 83°
CA3020 £1 T0* LM309 £1 50 MC1406 £0 98° UA7I1C £0 32° TAAS550B
CA3028 £1 02° LM320-5v £1-50 NE536 £3 50° 72711 £0-32° £0
CA3035 £1 T0° LM320-12vE1 50 NES40 £1 50° UA723C £0 45 TAAG21A
CA3036 £1 35° LM320-15vE1 50 NESS0  £0 95 72723  £0 45 £2 ¢0°
CA3042 £ 50° LM320-24vE1 50 NESSS  £0 32 UATA1C £0-24° TAA6218
CA3043 £1 85° LM380 £0 85* NESS6  £0 82 72741  £0-24° £2 50°
CA3046 £0 B0® LM381 £1 55* NES61  £3.95 741P  £0 20" TAAG61 £1 85°
CA3052 £1 60° LM3900 £0 §5° NES62 £3-95° UA747C £0-70° TAD100 £1 38°
CA3054 £1 35° MC1303LE1 48° NE565 £1 75° 72747  £0 79° TBAS540 £2 20°
CA3075 £1 50° MC1304 £1 80° NES66 £1-50° UA748 £0 35* TBAB00 £0 80°
CA3081 £ 50° MC1310 £0 95° NES567 £1 80° 72748  £0 35° TBA810 £1 05°
CA3089 £2 16° MC1212 £1 80° UATC2C £0-46° 748P  £0 35° TBA820 £0 80°
CA3090 £4-25° MC1330 £1-20° 72702  £0 aS' SN76013N TBA9200£3 40°
CA3123 £1 30° MC1350 £1 20° UA703 £0 2 £1 715° TCA21OS
CA3130 £0 93 MC1351 £1-20° UA708 £0- 25' SN76C23 £1 75*
CA3140 £0 80 MC1352 £1 40° 72709  £0 46° SN76110£1 50°
Type Price Type Price Type Price Type Price Type Price
AAY19 £0 8 BAX13 £0 07 8¥i6s £0 51 OAI0 £0 35 SD10  £0 06
AA120 £0 08 BAX16 £0 08 BY176 £0 75* OA47 £0 08 SD19 £0 06
AA129 £0 08 BY100 £0 22 BY206 £0 30 OA70 £0-08 N3, g9 07
AY30 £0 09 BY10Y £0 22 BYZ10 £045 OA79 £0 13 |\3sa  £0 07
AAZI3 £0 15 BY105 £022 BY211 £045 OA8Y £013 o o 5405
BA100 £0 10 BYi14 £0 22 BY212 £045 OA85 £013 INQ:S £0 08
BA102 £0 32 B8Y124 £0 22° BYZ13 £0 40 OAQ £0 07
BA148 £0 15 BY126 £0 15° BYZ15 £0 41 OA91 £0 07 IN4148 £0 08
BA1S4 £0 12 BY127 £0 18° BYZ17 £0 36 OASs £0 07 IS4  £005
BA155 £0 14 Byi28 £0 16 BYZ218 £0 38 OA182 £0 13 15920 £0 08
BA173 £0 15 BY130 £0 17° BY219 £0 36 OQA200 £0 08
BB104 £0 15 BY133 £0 21° OAS5S  £0 60 0A202 £0-08
TRIACS
2amp TOS Case 10 Amp TO48 Case
Volts No Price Volts No Prce
100 TR12a/100 £0 31 100 TR110a/100 £0 77
200 TR12a/200 £0 51 200 TR100a/200 £0 92
400 TR122/400 £0 T 400 TR100a/400 £112
6 Amp TOG66 Case 10 Amp TO220 Ptasttc Case
Volts No Price Voits No Price
100 TR16a/100 £0 51 400 TR110a/400p £112
» 200 TR16a/200 £0 61 DIACS
400 TR16a/400 £0 77 BR100  £0 20 D32 £0 20
ORDERING

BI-PAK CATALOGUE
NEW EDITION NDW AVAILASLE
Send for your copy of our revised catalogue
and price list NOW! it contains 127 pages
packed with Dterally hundreds of semi-
conductors. components and our tamous
range of B)-KITS audio modules

Do nol forget to state order
number and your namg and
and address

V.A.T.

Add 123% to prices marked *
8% to those unmarked ltems
marked 1 are zero rated

P&P

35p unless otherwise stated

ONLY 65p POST FREE

DEPT. PE10, P.O. BOX 6, WARE, HERTS.

SHOP 18 BALDOCK ST., WARE, HERTS.
AT OPEN 9 to 5.30 MON—SAT.




KITS FOR SYNTHESISERS, SOUND EFFECTS

COMPONENTS SETS include all necessary resistors,
capacitors, semiconductors. potentiometers and
transformers. Hardware such as cases. sockets, knobs,
keyboards, etc. are not included but most of these may
be bought separately. Fuller details of kits, PCBs and
parts are shown in our lists.

CIRCUIT AND LAYOUT DIAGRAMS are supplied
free with all PCBs unless “as published™.

PHOTOCOPIES of P.E. texts for most of the kits
are available—oprices in our lists.

PHONOSONICS

MAIL ORDER SUPPLIERS OF QUALITY
PRINTED CIRCUIT BOARDS,
COMPONENTS TO A
MARKET

KITS AND
WORLD-WIDE

P.E. MINISONIC Mk. 2 SYNTHESISER

A portable mains-operated Miniature Sound Synthesiser.
with keyboard circuits Although having shghtly fewer
facilites than the large P E Synthesiser the functions
offered by this design give It great scope and versatihty
Consists of 2 log VCOs. VCF. 2 envelope shapers. 2 voltage
controlied amps. keyboard hold and control circuits. HF
oscillator angd detettor. ring modulator. noise generator.
mixer. power supply.

Set of basic component kits from £61.00
Set of printed circuit boards £8-99
P.E. SYNTHESISER (P.E. Feb. 73 to Feb. 74)
The well acclaimed and highly versatle large-scale

mains-operated Sound Synthesiser complete with keyboard
circuits. Other circuits i our hists may be used with the
Synthesiser to good advantage.

The Maln Synthesiser: PSU. 2 linear VCOs. 2 ramp
generators. 2 input amps. sample hold. noise generator.
reverb amp. ring modulator. peak level circuit, envelope
shaper, voltage controlled amp.
Set of basic component kits £79.09
Set of printed circuit boards £13.20

The Synthesiser Keyboard Circuits {can be used without the
Main Synthesiser to make an independent musical instrument):
2 logarithmic VCOs. divider, 2 hold circuits, 2 modulation amps.
mixer, 2 envelope shapers and PSU.
Set of basic component kits
Set of printed circuit boards

£47.34
£7-66

GUITAR EFFECTS PEDAL (P.E July 75)

Modutates the attack. decay and filter characteristics of an
audio signal not only from a guitar but from any audio
source. producing 8 different switchable effects that can be
further modified by manual controls Possibly the most
interesting of all the low-priced sound effects units in our
range Circuit does not duplicate effects from the Guitar
Overdrive Unit

Component set with special foot operated switches £7-69
Alternative component set with panel switches £5.05
Printed circuit board £1.43

SOUND BENDER (P E. May 74}
A multi-purpose sound controlier. the functions of which
include envelope shaper. tremolo, voice-operated fader,
automatic fader and frequency-doubler.
Component set for above functions {excl SWs) £8.17
Printed circuit board £1.81
Optional extra—addrtional Audio Modulator the use of
which. 1n conjunction with the above component set. can
produce jungle-drum rhythms.

Component set (incl PCB) £2.88

PHASING UNIT (P E. Sept. 73)
A simple but effective manually
introducing the phasing
music

Component set (incl PCB)

PHASING CONTROL UNIT (P E Oct 74)

For use with the above Phasing Unit to automatically control

the rate of phasing
Component set (incl PCB)

SOPHISTICATED PHASING AND VIBRATO UNIT

A _shghtly modified version of the circunt published n
Elektor . December 1976. and includes manual and

automatic control over the rate of phasing and vibrato
Component set £17.38
Printed circuit board £2.33

WAH-WAH UNIT (P.E Apr. 76)

The Wah-Wah effect produced by this unit can be controlled

manually or by the integral automatic controller
Component set (incl PCB)

controlled unit for
sound into lve or recorded

£3-20

£4.74

£3-63

AUTOWAH UNIT (P.E Mar 77)
Automatically produces Wah-pedal and Swell-pedal sounds
each time a new note 1s played
Component set, PCB, special foot switches £7-67
Component set and PCB. with panel switches £4.83

P.E. JOANNA PLUS ORGAN VOICING
The basic five octave electronic piano (P.E. May/Sept 75 and
Sound Design} has switchabie alternative voicings for Honky-
Tonk, ordinary piano, and Harpsichord or a mixture of any of these
three, together with facilities including fast and slow tremolo,
loud and soft pedal switching, and sustain pedal switching. The
modification retains all the circuitry associated with the piano
but in addition provides an organ-voice enveiope facility with 5
switchable pitches, variable attack and sustain, phasing and
vibrato.
Set of components {excl switches) for PSU, Frequency
generator, Pitch and Note Divider. Envelope Shapers. Voicings,
and Control circuitries. {Order as KIT 71-5) £99.26
Set of PCBs (Order as PCB SET 71-6) £29.18

SYNTHESISER TUNING INDICATOR (P.E. July 77}

A simple 4-octave frequency comparator for use with
synthesisers and other instruments where the full versatihty
of the P.E. Tuning Fork 1s not required.

Component and PCB (but excl sw.)

GUITAR FREQUENCY DOUBLER (P.E. Aug. 77)
A modified and extended version of the circuit published.
Component set and PCB £4.52

GUITAR SUSTAIN (PE. Oct 77)

Maintains the natural attack whilst extending note duration.
Component set. PCB and foot switches £5.13
Component set. PCB and panel switches £3.7

WIND AND RAIN UNIT
A manually controlled unit for producing the above-named

sounds.
Component set (inct PCB) £4.26

GUITAR OVERDRIVE UNIT (P E. Aug. 76)

Sophisticated. versatile Fuzz unit, including vanable and
switchable controls atfecting the fuzz quahity whiist retaining
the attack and decay. and also providing filtering Does not
duplicate the effects from the Guitar Effects Pedal and can
be used with 1t and with other electronic instruments.

Component set using dual slider pot £7.68
Component set using dual rotary pot £6-89
Printed circuit board £1.82

FUZZ UNIT

Simple Fuzz unit based upon P.E. “Sound Design” circuit.

Component set {incl. PCB) £2.05
TREMOLO UNIT
Based upon P.E  Sound Design circuit

Component set (incl PCB) £2.94

TREBLE BOOST UNIT (P.E. Apr 76)
Gives a much shriller quality to audto signals fed through 1t
The depth of boost 1s manually adjustable.

Component set (incl. PCB) £2.51

P.E. TUNING FORK (P.E. Nov 75)
Produces B4 switch-selected frequency-accurate tones. A
LED monitor clearly displays all beat note adjustments. Ideal

for tuning acoustic or electronic musical instruments,
Main component set {incl. PCB) £14.93
Power supply set {incl. PCB) £6-28

£7.45°

New Efectronic Piano.
Elektor Aug. 1978
Details in our list.

CONSTANT OISPLAY FREQUENCY METER (PE AUG 78)

A 5-digit frequency counter for 1Hz to 99998Hz with a 1Hz
sampling rate. Readout- does not count visibly or flicker due to
display blanking.

Component set

Printed circuit board

*This kit & PCB are at 8% VAT (all others are 124%)

TAPE NOISE LIMITER
Very effective circuit for reducing the hiss found in most tape
recordings. All kits include PCBs

£24.05°
£3.03°

Standard tolerance set of components £2.96
Superior tolerance set of components £3.76
Regulated power supply (will drive 2 sets) £4.69

ENVELOPE SHAPER WITHOUT VCA (P.E. Oct. 75)
Provides full manual control over attack, decay. sustain and
release functions. and 1s for use with an existing voltage
controlled amplifier

Component set (incl PCB) £4.77

ENVELOPE SHAPER WITH VCA (P.E. Apr 76)

This unit has its own voltage controlied amplifier and has full
manual control over attack. decay. sustain and release
functions.

Component set (incl. PCB) £6.68

TRANSIENT GENERATOR (P.E Apr. 77)
An envelope shaper. without VCA. having the usual attack,
decay. sustain and release functions. and in addition 1t also
provides a Repeat Effect enabling a synthesiser to be
grogrammed to imitate such instruments as a mandolin or
anjo
Component set
Printed circuit board

£4.87
£1.82

WAVEFORM CONVERTER

Slightly modified from a circuit published in “Elektor”. Converts
a saw-tooth waveform into four different waveforms: sine-wave.
fnark-space saw-tooth, regular triangle form, and squarewave
with an externally variable mark-space ratio.

Component set (incl. PCB but excl. sw/s) £8.40

VOLTAGE CONTROLLED FILTER (P E. Dec 74)
Part of the P E Minisonic now released as an independent
kit for use with other synthesisers

Component set (incl PCB) (Order as Kit 65-1) £717

RING MODULATOR (P.E Jan. 75)
Part of the P E. Minisonic now released as an independent
kit for use with other synthestsers.

Component set (incl PCB) (Order as Kit 59-1) £5.50

NOISE GENERATOR (P.E. Jan. 75)
Part of the P E. Minisonic now released as an independent
kit for use with other synthesisers.

Component set (incl. PCB } (Order as Kit 60-1) £3.64

SOPHISTICATED POWER SUPPLIES
A wide range of highly stabilised low noise power supply kits
Is available-—details in our hists.

MICROPHONE PRE-AMPC(P.E Apr. 77)
B)

Component set (incl P £3.82
VOICE OPERATED FADER (P.E Dec. 73)
For automatically reducing music volume during

talk-over —particularly useful tor Disco work or for
home-movie shows
Component set (incl PCB) £3.97

DYNAMIC RANGE LIMITER (P.E Apr. 77)
;Aut?mancally controls sound output to within a preset
evel.

Component set (incl. PCB) £4.58

POST AND HANDLING

U.K. orders—under £15 add 25p plus VAT, over £15 add 50p
. plus VAT. Keyboards £2-00 pius VAT.

Optional Insurance for compensation against loss or damage

in post, add extra 50p for cover up to £50. £1-00 for £100 cover,

£2.00 for £200 cover.

Eire, C... B.F.P.O., and other countries are subject to

Export postage rates.

DON'T FORGET VAT!

Add 12{% (or current rate if changed) to full
total of goods, post and handling. (Does not
apply to export orders).

EXPORT ORDERS are welcome, though we advise that
a current copy of our list should be obtained before
ordering as it also shows Export postage rates. All
payments must be cash-with-order. in Sterling and
preferably by International Money Order or through an
English Bank. To obtain list send 50p.

PHONOSONICS - DEPT. PE6O - 22 HIGH STREET - SIDCUP - KENT DA14 6EH

MAIL ORDER AND C.W.0. ONLY
SORRY BUT NO CALLERS PLEASE
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AND OTHER PROJECTS

PHOTOGRAPHS in this advertisement
show two of our units containing some of
the P.E. projects built from our kits and
PCBs. The cases were built by ourselves
and are not for sale. though a small
selection of other cases is available

LIST—Send stamped addressed
envelope with all U.K. requests for free
list giving fuller details of PCBs. kits and
other components.

OVERSEAS enquiries for list Europe—
send 20p: other countries—send 50p.

KIMBER-ALLEN

KEYBOARDS AND CONTACTS

Kimber-Alien Keyboards as required for many published circuits. The manufacturers claim that
these are the finest moulded plastic keyboards available. All octaves are C to C, the keys are
plastic, spring-ioaded, fitted with actuators, and mounted on a robust aluminium frame.

3 Octave (37 notes)
4 Octave {49 notes)
5 Octave (61 notes}

£25-50
£32.25
£39.75

Contact Assemblies (gold-clad wire} for use with the above keyboards {1 required for each

note):
Type GJ: Single-pole change-over
Type GB: 2 pairs of contacts, each pair normally open
Type GC: 3 pairs of contacts, each pair normally open
Type GE: 4 pairs of contacts. each pair normally open \
Type GH: 5 pairs of contacts. each pair normally open
Type 4PS: 3 pairs of contacts plus single-pole changeover

each 254p
each 284p
each 374p
each 464p
each 584p
each 57p

Printed Circuit Boards for use with GJ, GB and 4PS contacts (thus eliminating much interwir-

ing) are available. Details in our lists.

RHYTHM GENERATOR
15-Rhythm Tempo, Timing and Logic control unit {excl. sw's
but incl. PCB) £9.76

10-Instrument Effects circuits £14.23
PCB for Effects circuits £4.25
Power Supply incl. PCB £8.75

128-NOTE TUNE-PROGRAMMABLE SEQUENCER
{P.E. Nov/Qec 77}

Enables a voltage controlled synthesiser to automatically play
pre-programmed tunes of up to 32 pitches and 128 notes long.
Programs are keyboard initiated and note length and rhythmic
pattern are externally variable. {Please use order codes quoted in
brackets.)

Main Circuit {Nov) excl. sw's {KIT 76-1} £18:03
Power Supply (KIT 76-3} £4.72
Trigger Inverter and Alt. Qutput {KIT 76-2} £1-15
LED Counter {KiT 76-4) £2:10
PCB (as published) for KITS 76-1 & 3 (PCB 76A) £2.81
PCB for KITS 76-2 & 4 (PCB 768B) £2.54

P.E. STRING ENSEMBLE (PE Mar-July 78}
The new keyboard string-instrument synthesiser.
Basic component sets:

Power Supply (KIT 77-1} £8.77
Tone Generator (KIT 77-2) £14.66
Diode Gates (KIT 77-3} £18.81
Chorus Generator (KIT 77-4) £19.08
Voicing System (KIT 77-5} £7.38

Printed Circuit Boards:
Double-sided PCB for Power Supply, Tone Generator & Diode
Gates with most of the Matrix wiring as printed tracking

{PCB 77L/R) £18.40
PCB for Chorus Generator (PCB 77C) £2.65
PCB for Voicing System (PCB 77D) £2.62

Fuller details of kits & PCBs are in our lists.

FORMANT SYNTHESISER (Elektor 1977/78)
Very sophisticated music synthesiser for the advanced con-
structor who puts performance betore price. Details in our lists.

DISCOSTROBE (P.E. Nov. 76}

4-channel light-show controller giving a choice of sequential,
random, or full strobe mode of operation.
8asic component set £18.19
Printed circuit board £3-45

BIOLOGICAL AMPLIFIER {P.E. Jan./Feb. 73)

Multi-function circuits that, with the use of other extemal
equipment. can serve as lie-detector, alphaphone, cardiophone
etc.
Pre-Amp Module Components set {inct. PCB) £3.95
Basic Output Circuits—combined component set
with PCBs, for alphaphone, cardiophone, frequency
meter and visual feed-back lampdriver circuits. £6.59
Audio Amplifier Module Type PC7 £7.76

10% DISCOUNT VOUCHER (PE68)

TERMS: Correctly costed, C.W.0., U.K. orders over £60
goods value. Valid until end of month on cover of P.E. This
voucher must accompany order.

TRANSISTORS

2N382
2N5459..

INTEGRATED CIRCUITS

301 8-pin DIL 4Bp
318 8-pin DIL 220p
320-15--- 195p
324 14-pinDIL 87p
341-15 --- B7p
709 8-pin DIL 48p
723 TO! 87p
723 14-pin DIL 51
726 TO5 1005p
741 8-pin DIL 24p
748  8-pin DIL 57p
4007 14 pln DiL 174p
11 14-pin DIL 174p
461p
1 p

4136 14- plnDIL 26p

AM2833  8-pin DIL 360p
AY10212 16-pin D|L6‘|7p
AY16721/6

-pln 0I1L203p
FX209 IG -pin DIL729p
LM323 oo 562p
16-pin DIL680p
MC3340 8-pinDIL 150p
MCME810 24-pln DIL670p
SG3402N 14-pin D|L262p
STKO25  ---
TDA1022 16-pin DIL582p
XR2207  14-pin DIL420p
2ZN425E  16-pin DIL375p

PRICES ARE CORRECT AT TIME OF PRESS.
E. & 0. E. DELIVERY SUBJECT TO AVAILABILITY.

PHONOSONICS
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ENGINEERS

YOURSELF FORA

BETTER JOB -+ MORE PAY!

This easy to follow GUIDE
TO SUCCESS should be read
by every ambitious engineer.
Send for this helpful 44-page
free book NOW! No obligation,
nobody will call on you. It
could be the best thing you
ever did.

CHOOSE A BRAND NEW FUTURE HERE

NS IS B CUT OUT THIS COUPON Il NN NN BN

Tick or state subject of interest.

Do you want promotion, a
better job, higher pay? “‘New
opportunities” shows you how
to get them through a low-
cost, Home Study Course.
There are no books to buy
and you can pay as you learn.

Post to address below.

ELECTRICAL & Radio, Servicing & Painting &
ELECTRONICS Repairs | Decorating [
Practical Radio & Radio Amateur’s
Electronics : Exam.
(with KIT) I MECHANICAL
Electronic A.M.S.E. (Mech.)[]
Engineering AUTO & AERO General Mech.
Certificate O Motor Mechanics (] Eng. ]
C. & G. Motor V. Inst. Engineers &
(C:i::\(tlagzcl:nlilect EngD Mechanics O Technicians O
General Auto Maintenance
ﬁsfa‘lﬁ’;iﬂ?" O Engineering a Engineering O
M.IM.L i
Elect. Install. & A, ) X : . o Welding 0O
Work O Air Registration
C. & G. El Board Certs. (] N
. . Elect. : MANAGEMENT &
Technicians O M.AA/LLM.L Dlp[j PRODUCTION
Computer
S Programmin
RADIO & N z e O
TELECOM- Inst. of Cost &
MUNICATIONS Heating, Ventilating Managements
& Air Conditioning Accts, M
Colour TV [m
Servicing grchitcctural
raughtsmanship DRAUGHTS-
géc%n(i:é.i;\e'lsecczrr[j & Design 0O MANSHIP &
LI.OB 0 DESIGN
C. & G. Radio, e General
e Beconics | apenv & Bilhamannio O
Radio & TV Plumbing AMIE.D. a
Engineering Technology 0y Electrical
Course O General Building [ Draughtsmanship [J

Po G.C.E.
[1, —58 <0’ & ‘A’ Level Subjects
—over 10,000 Group Passes!

Aldermaston College

Dept. TPE 23, Reading RG7 4PF

also at our London Advisory Office, 4 Fore Street Avenue, London
EC2Y 9DT. Tel. 628 2721.

NAME (Block Capitals)

I Other subjects of interest....

l Accredited by C.A.C.C. Member of A.B.C.C.

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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HOBBY WRAP

WIRE-WRAPPING TOOL ot
ploccBIs30 For .025" (0,63mm) sq.
post “MODIFIED" wrap,
positive indexing, anti-

overwrapping device.

A[ For AWG 30 [Bw-630
Bl For Awa 26-28| BW-2628

Battery
Wire-

3 IN 1 WIRE DISPENSER
New wire dispenser cuts
and strips three different
colours of wire. Quick and
easy to use pocket size.

£3.77

OK PLIERS AND
CUTTERS

UNIVERSAL CUTTER
Cuts everything. Leather,
wire, plastic, tin-ptate,
cardboard. Stainless steel
blades.

Just one of the range of
high quality pliers, cutters,
tweezers and screwdrivers.

Wrapping .
Tool \

Comptete C| Bt for AWG 30[BT 30
with Bit Bit for AWG

and St D] 26-28 BT-2628

tne AE2477 BE29,

DIP/IC EXTRACTOR
ToO0L 118
The EX-1 Extractor is
ideally suited for hobby
enthusiast or lab engineer,
Featuring one plece spring
steel construction. It will
extract all LSI1, MSI and
SS1 devices of from 8 to
24 pins.

Extracior Tool EX-1.

61 X
DIP/IC INSERTION
TOOL WITH PIN
STRAIGHTENER

WIRE-WRAPPING KIT
Contains: Hobby Wrap
Tool WSU-30 M, Wire
Dispenser WD-30-B, (2)
14 DIP's, (2} 16 DIP's,
Hobby Board H-PCB-1,
DIP/IC Insertion Yool
INS-1416 and DIP/IC
Extractor Tool EX-1.

Wire-Wrapping
Kit

£17.82

wWK-48
Biue,

IC TEST Cl.ll»’S£2 77

FOR DUAL-IN-LINE
PACKAGES
® Provide full access to
lnt:qm(ed circuit DIP
ads.

Solve probe attachment
problemns.

Simplify protoiype and |
production testing, field
service work, and quality
control,

® Remove DIP's damage
free.

® Avallabie In sizes to
accommodate all DIP's;
th-l‘ tits 14.pin DIP's
etc.

DIP SOCKET
Dual-In-line package, 3
level wire-wrapping,
phosphor bronze contact,
0ld plated pins . 025
?D,G.‘!mm sq., .100
2,54mm) centre spacing.

N 14 Pin Dip
l - Socket 14 Dip
A et 16 Pin Dip
) ;’ 3 Socket 16 Dip
TERMINAL AND Seae oy e e il
DISTRIBUTION STR{PS : RIBBON CABLE A
"Ll senecgsst | wosey whar rooL i 107 D iy 2 e T TE) 2 O
blocks with universal ey Prior Wire-wrapping, stripping L (Lo BAL Long | DE 14-2 i e
matrices of solderless ameterd unwrapping tool for i with 14 Pin Dip Plug -4" Long DE 14.4 - (' -
plug-in tiepoints. * Reguire no special pateh | AWG 30 on .025 (0,63mm) WW— With 14 Pin Dip Plug 8- Long| DE 1 =
* Facilitate quick, , co'ds;, . , Square Post. Wrap wsu-3o With 16 Pin Dip Plug 2" Long] OE 16. =
solderiess circuit build-up ® Inciudes integral non- Modified With 16 Pin Dip Plug -8” Lon, E_L!_-‘ A
and check-out on shorting instant mounting | AL4.39 B£4.69 ] T {With 16 Pin Dip Plug -4 ¢ 4
universal .1 x 1" matrix. backing. wrap B WSsuU-30M With 16 Pin Dip Plug -8 Long | OF 1
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THE firm for speakers!

SEND 15p STAMP FOR THE WORLD'S BEST CATALOGUE OF
SPEAKERS, DRIVE UNITS, KITS, CROSSOVERS, ETC. AND
DISCOUNT PRICE LIST

ACT @ AUDAX @ BAKER
BOWERS & WILKINS @ CASTLE @ CELESTION

CHARTWELL @ COLES @ DALESFORD
DECCA @ EMI @ EAGLE @ ELAC @ FANE
GAUSS @ GOODMANS @ HELME @ |.M.F.
ISOPHON @ JR ® JORDON WATTS
KEF @ LEAK @ LOWTHER @ MCcKENZIE
MONITOR AUDIO @ PEERLESS @ RADFORD
RAM @ RICHARD ALLAN @ SEAS
TANNOY @ VIDEOTONE & WHARFEDALE

WILMSLOW AUDIO (Dept. P.E. 8)
SWAN WORKS, BANK SQUARE, WILMSLOW,
CHESHIRE SK9 1HF

Discount Hi-Fl, etc. at 5 Swan Street and 10 Swan Street

Tel.: Wilmslow 29599 for Speakers Tel.: Wilmsiow 26213 for Hi-Fi

NEW PROD

POWER AMP KIT

The kit includes all metatwork, heatsinks and hardware to house any two of our power amp

modules plus a power supply.
of our other products. Compre

UCTS - NEW PRODUCTS

it is contemporarily styled and its quality is consistent with that
hensive instructions and full back-up service enables a novice to

buitd it with confidence in a few hours.

ADVANCED

This stereo module accomplishes pre-am
standard. The disc input has no common
70dB s/n. and 6V/S slew rat
12dB/octave subsonic filter, 4V/uS slew
10 seconds. No controls are fitted.

MOVING CO

70 or 160pV for 3.5mV output.

The regulator moduie, REG 1 provides 15
with any of our power amp supplies or
accommodate a REG 1

e. Other inputs have 70mv sensitlvity. thd of .001%, 90dB s/n.

This stereo module uses multiple input transistors to achieve 65dB s/n. Sensitivity is switched

POWER SUPPLY

PRE-AMP CPR1

plification of disc and other inputs to an impeccable
mode distortion effects, thd of .001%, 40dB overload,

rate and active balance control. Output is delayed for

ILPRE-AMP MC1

-0-15v to power the CRP 1 and MC 1. It can be used
our small transformer TR 6. The power amp kit wiil

POWER AMPLIFIER MODULES POWER AMP KIT ... . £32,40
CE 608 60W/8 ohms 35-0-35v..... £16.30 f PRE-AMPS:

CE 1004 100W/4 ohms 35-0-35v. £19.22 | Thase are available in two versions — one
CE 1008 100W/8 ohms 45-0-45v £23.22 Y uses standard components, and the other
CE 1704 170W/4 ohms 45-0-45v... £29.12] (the S) uses MO resistors where necessary
CE 1708 170W/8 ohms 60-0-60v. £31.90] and tantalum capacitors.

. CIER'I €$g48 CPR1S....... gngg
TOROIDAL POWER SUPPLIES MCill... 2. oo .6 MC1S ... €29,
CPS1 for 2xCE 608 or 1xCE 1004 ... £14.47 1 POWER SUPPLY:

CPS2 for 2xCE 1004 or 2/4xCE 608.......£16.82 | REG1 ... £6.75 TR6.. .. €1.75
CPS3 for 2xCE 1008 or 1xCE 1704 ........ £17.66 | BRIDGE DRIVER, BD1

CPS4 for 1XCE1008................... £15.31 ] Obtain up to 340W using 2 x 170W amps
CPS5 for 1xCE 1708 . £22.68 | and this module.

CPS6 for 2xCE 1704 or 2xCE 1708 ........ £23.98] BD1 £5

HEATS'NKC? 2°C/wW £1.30

Light duty, 50mm, - o

Med(i;;m powtars,’c;OOmr‘rLl Lé/‘i/s/w . g%gg c R I M so N
Disco/group. 150mm, .

Fan, 80mm, state 120 or 240v........ .£18.50 E LE KTR I K

Fan mounted on two drilled 100mm heatsinks.

2x.4°C/W, 65°C max with two a0 1A STAMFORD STREET
T TR e ' LEICESTER LE1 6NL
THERMAL CUT-OUT, 70°C. .£1.90 Tel. (0633) 637722

All prices shown are UK only and include
problem, please write for specific quote.

detailed information.

VAT and post. COD 90p extra, £100 limit. Export is no
Send large SAE or 3 International Reply Coupons for
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SMUG

E ALL like to feel a bit smug some

times and we hope P.E. has a
right to this month—though not for
long! The V.DAJ. System construction
project which appears in this issue is
believed to be the first design
published in Britain, and makes use of
an excellent Thomson CSF chip which
has recently become available on the
amateur market. The new chip
incorporates most of the electronics
required to produce a memory mapped
system.

The unit provides, at a relatively low
price, one of the most useful
peripherals for the home computer
man. All components, including the
modulator, are on one “small” p.c.b.
which includes 1K of user RAM
mounted in a novel way.

The second item which we feel is
worthwhile is the sheet of STICKIES,
free with this issue. We have said they
are worth 60p, which is true, but in fact
with postage etc. you would have to
spend 80p to get this product. Since
they are so useful (see page 1093) we
are sure most readers will consider
them a very worthwhile gift. They are,
of course, worth more than the cost of
the issue!

VALUE

With the inclusion of more editorial
pages per issue in recent copies of
P.E—and such items as the free
STICKIES, 8-page supplement next
month and some planned special offers
etc., we have been doing our best to
give good value for money and will, of
course, continue in this way. However,
as we said above, we won't be staying
smug for too long as next month the
price of P.E. will rise to 50p.

The last price increase was with the
November 1977 issue—exactly a year
ago and, as we all know, inflation has
and no doubt will, continue. Our costs
go up and reluctantly these must
eventually be passed on. We hope you
will still consider P.E. good value for
money.

SAVING

Over the years we have presented a
number of projects to help readers to
save money in one way or another and
our Fuel Consumption Meter in this
issue is no exception. The price of oil
regularly makes the headlines and no
doubt it will not be long before this
happens again. With the aid of our
consumption meter better fuel
economy can be achieved—something

we can all benefit from in one way or
another.

If readers have devised other cost
saving circuitry we would be pleased to
hear from them. Even if you have an
idea for some equipment a letter to us
could set a few minds going and
maybe a designer working?

To give an idea, a spontaneous
invitation for suggestions from the
office brought forth the following:

An independent timing device to
display the cost of a telephone call
flocal or distant), and along similar
lines, a meter for mains power
consumption reading pence per hour.

PARTICIPATION

We try to keep Readout interesting
each month and publish the "bad” with
the "good” and sometimes even the
“ugly’’—see page 1102—but so much
depends on you transmitting your
views and thoughts! It is good to see
some interesting and constructive
submissions to Microbus this month
and, as always we have plenty of |.U.’s,
but please don't forget that Readout is
your page so keep the letters coming
and we will keep publishing the
interesting and informative ones.

Mike Kenward
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Market

Place

Items mentioned are usually available from electronic

equipment and component retailers. However, where

a full address is given, general enquiries may

be made direct to the firm concerned

All quoted prices are correct at

time of going to press.

WONDERBOARDS

Fresh in from across the big pond, Wonder-
board is a solderless breadboard system using
holes filled with a conductive elastomer
(rubber) as the connecting points. The contact
points are accessible from both sides of the
board enabling components to be mounted
one side and wire linking to be made on the
other. Hole pitch is 0-lin and there are six
rows of 31 holes allowing up to a dozen 14
d.il. devices to be mounted. Each contact
point will hold up to six wires.

Specifications given are as follows:—
contact resistance 10m{2, current capacity
7A, breakdown voltage 9kV, insulation
resistance 10,000MQ, min/max wire
diameters 0-2 to 0-8mm (32 to 20 gauge),
contact life 150 insertions, useful temperature
range —55 to +100°C. No noise/frequency
figures were given but have been requested.

Wonderboards are available singly at £2.50
from Charcroft Electronics, and distributor
enquiries are invited.

Charcroft Electronics, Charcroft House,
Sturmer (Haverhill), Suffolk. Tel. 0440 5700.
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and
David
Shortland

COMPACT TEMP CONTROLLER

Capable of switching or controlling 3kW
directly, the CAL 6103 high power, compact
temperature controller is a panel mounted unit
with a DIN standard 48mm? bezel, and a
+1 per cent accuracy (typical) under steady
load conditions.

The CAL 6103 is available to order in tem-
perature ranges from 0°C to 1,600°C. Any
specified thermocouple input, or PT100, can
be supplied.

Its proportional control system avoids the

unnecessary “hunting” encountered in other
compact on/off temperature controllers. Time
cycling is set to a “standard” 20 secs which
suits most applications. However, CAL will
supply units with cycle times from 5 secs to
120 secs to order.

For resistive loads the output/control relay
will switch 14A at a.c. mains voltages. A static
output can also be provided to accommodate
remote thyristor control systems.

For further information contact Controls &
Automation Limited, Regal House, 55 Ban-
croft, Hitchin, Herts.

3-RAIL POWER SUPPLY

A three-rail Eurocard power supply
announced by Lascar Electronics is suitable
for most circuits where digital and linear
devices are mixed.

The supply features one output of 5V 1A,
and dual tracking outputs adjustable between
+5V and 15V with a maximum of 100mA per

rail. The 5V and twin-rail supplies are isolated
from each other and feature short-circuit,
over-temperature and fold-back over-current
protection. Input voltages 220V a.c. or 240V
a.c. The supply is fitted with terminal blocks
on the input and outputs, and is assembled on
a p.c.b. measuring 160 x 100mm, with a
maximum height of 47mm.

For details contact Lascar Electronics
Limited, PO Box 12, Module House,
Billericay, Essex.

EXTRACTOR TOOL

Designed for the specific task of
automatically extracting i.c.s from p.c.b.s on
completion of the desoldering operation, the
DIP-OUT tool from Vero Electronics
eliminates the danger of damage to i.c. legs by
virtue of its “even pull” action. When used
with a desoldering block it provides a fast and
efficient method of removing i.c.s. The price of
the tool is £5.67 plus VAT.

For further information contact Vero Elec-
tronics Limited, Industrial Estate, Chandler’s
Ford, Eastleigh, Hampshire.
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MICRO-BOARD

With the increasing use of $100 boards and
bussing systems in microcomputers, Vero
Electronics have released a universal S100
bus-compatible prototyping board. Designed
for the manufacture or breadboarding of
microprocessor, memory or interface assem-
blies the board will, without modification,
mount directly into any equipment using the
S100 bus system.

The board has an S100 edge connector
configuration (100 gold-plated contact fingers
on 3-175mm/0-125in pitch) and is fully
pierced with 1.02mm/0-040in diameter holes
on a 2-54mm/0- lin matrix. Provision is made
for mounting up to four standard TO-220
plastic package regulators together with heat-
sinks for on board regulation, and the voltage
plane is capable of being divided to provide up
to four separate positive or negative supply
rails. The component side of the board carries
a ground plane which can be used for termina-
tions or screening and the wiring side carries
both voltage and ground planes, thus
providing for up to five planes.

A wide range of compatible standard
accessories such as DIP sockets, pins,
headers, ribbon cables, etc. is available,
enabling the prototyping board to cope with
virtually any microprocessor or
microcomputer circuit requirement.

For further information contact Vero
Electronics Limited, Industrial Estate,
Chandler’s Ford, Eastleigh, Hampshire.

£100 SCOPE

The Elmac 4810 single beam oscilloscope
will interest many constructors because of its
low cost (£99-00 plus VAT) and excellent
specification which includes 4in CRT, d.c. to
5MHz bandwidth (vertical axis), IMQ input
impedance and a maximum input voltage of
600V peak to peak.

For further information contact Gemini
Electronics, Newton Building, Newton Street,
Manchester 1.
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PROGRAMMABLE TV GAMES

General Instrument Microelectronics have
introduced a new set of MOS microcircuits for
use in cartridge-based programmable TV
games. Known as SYSTEM 8601, the circuits
include a clock generator, colour encoder,
modulator and a selection of cartridge
microcircuits—enabling fully programmable
games systems to be built at low cost.

Each games system will consist of a console
into which individual game set cartridges are
slotted. Each console will contain clock, en-
coder and modulator, as well as game con-
trols, switches, power supplies, etc. Each car-
tridge contains individual games microcircuits,

plus interface circuitry, and all sets will feature
realistic sound generation and on-screen scor-
ing.

Some of the cartridge-mounted microcir-
cuits are already available, including the 8610
“Supersport” (20 games), the 8765 “Motorcy-
cle” (8 games) and the 8603 “Road Race” set
(3 games). Three more circuits—the 8607
“Target” (12 games), the 8606 “Wipeout” (24
games) and 8605 “Warfare” (10 games)—will
go into production within two months, with
more to follow before the end of the year. For
further information contact General Instru-
ment Microelectronics, Regency House, 1-4
Warwick Street, London, WIR SWB.

CRUSH PROOF DMM

A new series of true r.m.s. 44-digit
multimeters for bench and field use has been
introduced by Systron-Donner Limited.

This new series consists of four models,
available with a choice of d.c. accuracies of
either 0-02 per cent or 0-05 per cent, and with
a choice of current or dB measuring modes.

All models feature auto and manual range
selection with a.c. and d.c. voltages from 10
microvolts to 750V and 1,000V respectively,
measured in five ranges. A true r.m.s. a.c.
converter permits accurate measurements of
triangles, pulses, square waves or distorted
sinewaves up to 20kHz.

The resistance mode offers six ranges
allowing measurements from 0-01Q to 20MQ.
All ohms ranges are protected against input
overloads of up to 350V r.m.s.

This multimeter will also measure dBs from
—60 to +60 in five manual ranges. This
capability is especially useful in checking long
line voice communications. The dB mode is
offered in place of the 5 d.c. and a.c. manual
current modes which cover measurements
from | microamp to 2 amps.

The cost of a DMM is directly related to
the d.c. accuracy specification. Since
applications can vary, Systron-Donner
decided to offer its new Portable DMM with
two different basic d.c. accuracies. The Model
7141A, which is the lowest priced has a d.c.
accuracy of +0-05 per cent of reading +0-05
per cent of full-scale for a full 6 months. The
Model 7141B offers a basic d.c. accuracy of

+0-02 per cent of reading +0-01 per cent of
full scale for a full 6 months. Care was taken
in designing the circuit to choose components
that minimised drift.

Two extra cost options can be specified:
one adds an analogue meter to the front panel.
This gives the user the ability to make nulling
and/or peaking measurements and the other is
a battery pack. An internally mounted set of

six nicad batteries provides approx. 24 hours
of continuous operation between charges.

Portable DMMs need to be packaged to
withstand frequent handling and accidental
drops. To prevent damage, the unit is installed
in a clamshell-shaped case made from
Cycloy—the new ABS/Polycarbonate plastic
alloy. The result is a case which is drop-proof
and crush-proof.

For further information including price
contact Systron-Donner Limited, St Mary’s
Road, Sydenham Industrial Estate,
Leamington Spa, Warwickshire.
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4-DIGIT PRESET COUNTER

A new 4-digit counter module claimed to be
capable of almost all counting functions has
been recently introduced by Lascar
Electronics. Working from a +5V d.c. supply,
the module incorporates 0-43in high efficiency
l.e.d.s and is capable of counting at rates up to
2MHz. Besides normal counting from input
puises, the display can be set from external
BCD sources.

The module also incorporates an internal
register. When counter and register are level,

an “equals” output is produced giving many
applications in batch counting, machine
contro! etc. Thumbwheel switches can be used
to set levels in both cases.

TTL/CMOS compatible, the module also
features carry-borrow and zero outputs and
count inhibit and store controls.

The count input has a Schmitt trigger
making the module suitable for use in noisy
environments.

For details contact Lascar Electronics
Limited, PO Box 12, Module House,
Billericay, Essex.

IRON CONTROLLER

Miniaturisation of components and
increasingly complex printed circuit board
design have brought in their turn the need for
precise operator control of soldering irons.
Apart from the likelihood of expensive
damage caused by poorly earthed soldering
instruments the operator now has to position
the soldering bit more carefully, often in close
proximity to heat or voltage sensitive compo-
nents.

To provide maximum operator control,
Adcola Products Ltd has designed a new Unit
101 TS model which features a far shorter and
lighter soldering instrument.

The main circuit design is based on a ther-
mocouple positioned at the rear of the solder-
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VIDEO SYSTEM

The consumer’s choice in video recorders is
further extended this month with the arrival of
National Panasonic’s VHS (video home
system) NV8600.

The unit, which is similar in operation to an
audio cassette deck with controls for play,
stop, rewind and fast forward also has a
remote “pause” control to enable easy editing
of unwanted material from a programme.

Three, two and one hour tapes are available
at £13-50, £10-50 and £8-00 respectively and
these tapes can run on any of the other VHS
recorders on the market in this country.
Lining up with National Panasonic to offer
video home systems are Akai, Hitachi, JVC,
Mitsubishi, Sharp and Thorn.

The NV8600 which is priced at £750
including VAT is available through High
Street TV retailers.

ing bit feeding an operational amplifier which
is switched via a zero crossing integrated cir-
cuit. This design avoids the need for moving
parts which may wear and eliminates voltage
transients in “Spiking”, RF interference and
the generation of magnetic fields. Proportional
control also ensures a precise temperature to
within +2 per cent of the indicated dial
temperature—the dial may be locked onto
any specific temperature within the range of
120-380°C.

The unit is earthed from the supply to the
soldering bit to provide maximum safety
against leakage currents, making the tool
suitable for use with the majority of voltage
sensitive components including FETs and
CMOS.

For further details and a full specification
on the unit contact Adcola Products Ltd,
Adcola House, Gauden Road, London
SW4 6LH.

ROCKWELL'S AIM

Rockwell, who recently announced a single
chip microcomputer called the R6500/1, have
Jjust introduced a single board microcomputer
system which features an on-board 20 column
printer and display with a full alphanumeric
keyboard.

Designated the AIM 65 the system is inten-
ded as an educational aid for first time users
and a general purpose microcomputer for
engineers.

The AIM 65 is available in 1K and 4K byte
RAM versions, is designed around the 6502
CPU which has 64K address capability with
13 addressing modes and is the
microprocessor at the heart of other popu-
lar systems such as KIM 1, PET and

APPLE. An 8K ROM resident monitor
programme provides all peripheral control and
user programming functions. Spare sockets
are included to further expand on-board
program memory via user PROM-based
programs or Rockwell’s assembler, text editor
and BASIC interpreter plug-in ROM options.

The AIM 65 board also has a connector
that allows external access to the system bur
for memory and 1/0 expansion. A separate
application connector interfaces a teletype and
two standard cassette recorders, and includes
a user-dedicated Versatile Interface Adaptor.
The VIA features three 8-bit bidirectional
ports (two parallel, one serial) and two 16-bit
interval timer/event counters, thus allowing
the user to interface his own system, in many
cases without the need for extra interface
devices.

The system which is priced at under £250 is
stocked by Pelco (Electronics) Ltd., Enterprise
House, 83/85 Western Road, Hove, Sussex.
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SOACEWATCH

FRANK W. HYDE

PLUTO

Once again doubts about the most distant
planet yet to be discovered in the solar system
arise. It is a reminder that each new set of data
which becomes available can seriously upset
previous ideas. There have been many ex-
pressed doubts about Pluto, more perhaps
than in regard to the other bodies revolving
round the Sun.

Only a short while ago the size of Pluto was
re-assessed. It demoted the planet from an es-
timated size of near to that of the Earth and of
the same density, to the size of the Moon.
Quite plausible reasons were given for this.
The density was suggested to be about -01 of
that of the Earth.

The acceptance of this meant that in no
way could the perturbations of Uranus be
linked with the effects of Pluto and its prox-
imity. As previously reported in
SPACEWATCH about three years ago the
Soviet Union had calculated that there were
possibly two planets beyond Pluto.

The two planets were shown to respond to a
position from the Sun, but no celestial coor-
dinates were offered. The suggested distances
were: one at a distance of 54 astronomical
units from the Sun which would imply a possi-
ble diameter of 12,000 miles; the second was
set at 100 astronomical units from the Sun
with a diameter of 18,000 miles. In that event
the period of the first one could be of the order
of 350-370 years and that of the second of the
order of 1,000 years. It must be remembered
that the Whole of these data represent a com-
puter mode. No visual identification has been
made.

Now a new situation arises as the,result of
the discovery of a satellite associated with
Pluto. This body has been named Charon, the
name bestowed upon it by its discoverer. The
present official designation is 1978—P1. Until
the details are truly confirmed retains the
number. However there seems to be little
doubt that it is a satellite and in accordance
with custom the discoverer has the choice of

name. The discoverer was James Christy from
the Naval Observatory, Washington, DC. It
was part of a study to refine the data
regarding Pluto’s orbit which is a nominal 248
years. The plates examined showed an elonga-
tion of the planet.

This set Christy the task of confirmation
from other photographs that had been taken.
He made an examination of the photographs
taken from the same observatory in 1970 and
in 1965. The telescope used was that situated
in Arizona (Flagstaff). These pictures had the
same evidence but the observers then had
decided elongation was due to a plate fault.

A confirming plate was taken with a 4m
telescope at Cerro Tololo Inter-American Ob-
servatory in Chile. Also a third confirmation
has come from J. Derral Mulholland from
photographs taken in 1977 at Macdonald Ob-
servatory in Texas. However as there has not
been a plate so far that shows a division be-
tween the planet and the satellite, final confir-
mation cannot be assumed.

While resolution has not been attained the
fact is that if it is not a satellite then it will
have to be concluded that Pluto is several
times longer than it is wide. In other words
more like one of Mars’ satellites. This would
seem highly unlikely. The very existence of a
satellite immediately provides atronomers with
a tool to measure the parent body.

Robert Harrington, of the Naval Obser-
vatory, has given the centre to centre distance
between the planet and the satellite as
17,000km. Its diameter is set at about 40 per
cent of Pluto. If this is so, then the satellite is
the largest, in proportion to its parent, such
body in the solar system. The orbital period is
6-4 days. This means that it is stationary over
one point on Pluto’s surface, as Pluto’s own
period of rotation is calculated at 6-4 days.
The estimate of density of the satellite in-
dicates that Pluto has a density of 0-002 of
Earth.

This alters entirely the current picture of the
Planet. Now it confirms the model that Pluto
(because its density is less than that of water)
may well be nothing but a snowball. That is a
snowball of frozen gases. The infra-red obser-
vations from Kitt Peak, showed that a plen-
tiful covering of the gas methane (frozen) was
apparent on the surface.

Brian Marsden of the Smithsonian
Astrophysical Observatory who is responsible
for the coordination of new discoveries has
said that perhaps Pluto should be re-classified
as a minor Planet.

Theories have been offered by Robert
Harrington and T. Van Flandern of the Naval
Observatory. The foremost hypothesis is that
an unknown planet at some time in the past
passed through the satellite system of Nep-.
tune. If it had a mass of four times that of the
Earth it would have disrupted the system and
Pluto ejected as a result. The new satellite of
Pluto could have been created then. If this
were the case then the intruding body would
have been violently thrown about and could
now be a tenth planet at a distance of 50 to
100 astronomical units from the Sun. It would
be too faint to be easily seen and a long
programme of searching might be necessary
to locate it.

This agrees with a previous study in 1972
when Rawlins and Hammerton were
searching for another planet. They suggested

that the motion of Neptune was consistent
with a body of 2 to 5 Earth masses at a dis-
tance of between 50 and 100 astronomical
units. The suggested longitude would be be-
tween 310° and 35Q°. At the same time they
made it quite clear that they did not think that
there was such a planet. The reason for this
was that at the time of the search for Pluto the
Lowell Observatory covered so much of the
sky in their search that if there had been a
body of reasonable brightness it would not
have been overlooked. However a spherical
coverage was not made.

Here is the point where present space ac-

. tivity meets with astronomy and this recent

discovery. August SPACEWATCH gave
details of the mission for the exploring of the
areas around the Sun out of the plain of the
ecliptic. This could very well reveal such a
body or indeed the two bodies suggested by
the Russian astronomers.

The classical theory of Pluto’s origin is that
it was once a satellite of Neptune. It was
thought that it orbited Neptune every 6-4 days
but came to near collision with Triton, another
Neptunion satellite. The result of this encoun-
ter threw Triton into its present retrograde and
ejected Pluto to become a planet of the Sun.

There is another matter to be considered
and that is whether in fact Pluto and its
satellite is a binary unit. With the present
figures it would suggest that the two bodies
revolve about a centre 6800km from the cen-
tre of Pluto. Thus there would be a system
which behaved in the manner of a body
13,600km in diameter. This aspect well
deserves some consideration.

A mission to investigate seems a must.
Could it be that the Halley comet probe might
do this after the cometary encounter. There
seems to be a good case for knowing once and
for all whether Pluto does have a significance
in the Solar system.

MORE FROM THE USSR

The success of the Soyus-30 and the
Progress-2 mission is already established. The
space-walk also marks another satisfactory
point in the progress of Soviet ventures.

The new furnace known as Kristall has
been in use to produce pure monocrystals by
the zone-melting technique. The furnace was
used to form a monocrystal of gallium ar-
senide from a high temperature solution. The
new furnace is installed in the transfer tunnel
of Salyut-6. The crew have also been working
on the Splav furnace to obtain new semi-
conductor materials and compounds of
aluminium and tin and molybdenum.

COPERNICUS DISCOVERS
BLACK HOLE

Among the instruments on the Orbiting
Astronomical Observatory known as Coper-
nicus there is an X-ray telescope from Univer-
sity College, London. It is this instrument
which observed the X-rays of the super-giant
double star in the constellation of Scorpio.
Work which began in the 70’s under Norman
Walker of the Royal Greenwich observatory
had shown that the super-giant had an unseen
companion. The star is about 5,000 light years
from Earth. The amount of X-rays received
indicate that the unseen object must be a
collapsed star.
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LATEST DEVICE = LOWEST PRICE = SIMPLEST CONSTRUCTION = MEMORY MAPPED VDU

HIS project has been written to satisfy one of the most

important needs of the home microcomputer
constructor—an inexpensive output device for ASCII
characters. The VDU shown here uses the very latest “one
chip” VDU controller and provides, among other things:

(a} 16 lines x 64 ASCI! characters.

(b) Full memory mapping, enabling random access to any
part of the screen.

{c) An extra 1K bytes of user RAM.

(d)} Full cursor control and screen scrolling in hardware.

(e) High speed (limited only by MPU).

(f) Aninexpensive and easily constructed design.

(g} An excellent addition to an evaluation kit.

The output from the unit is either in the form of video
information suitable for a video monitor {(or modified TV}, or
UHF modulated information to plug straight into a TV aerial
socket.

The VDU shown in Fig. 1 is a complete output peripheral
for a computer of any type. The details described below are
orientated towards microcomputer based machines of 8 bit
{one byte) word length, but apply almost unaltered to any
type of system. The machine contains a 1 kilobyte block of
user random access memory {(RAM) which forms an addition
to the MPU’s addressable memory. The VDU should be
thought of as a “"window” to this area of RAM where each
character position is a memory location in the micro-
computer.

This type of VDU design has several advantages over the
straightforward video writer system which acts very much
like a teletype, all information being sent sequentially, thus
preventing the random selection of any character slot.
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The design is based around the new chip by Thomson-
CSF which carefully controls the display timing with a
minimum of extra chips. This i.c. also generates a flashing
cursor with full position control, and allows the screen to be
scrolled in the fashion of a roll of teletype paper in action (all
hardware functions within the chip). Thjs is described in
detail later.

The VDU has ten address, eight data and seven control
lines which interface to the standard bus systems of most
MPU designs. The timing of the unit is generated using a
1MHz quartz crystal.

All character information is in standard ASCHl character
coding. It is advisable to keep, close at hand, a copy of the
hexadecimal equivalents to each of the 64 characters in the
2513 character generator.

To interface a VDU to a computer system, some basic
software is required. The VDU programme which suits your
machine will depend upon its resident monitor. The basic
elements, however, of a VDU programme will be common to
most MPU systems. A general example is presented later to
help with VDU utilisation.

OPERATION

The heart of the system is the Cathode Ray Tube
Controller (CRTC). The clock requirements of this chip are
supplied by a TTL oscillator circuit which is then divided by
eight and fed to the clock input of the CRTC. To understand
the working of this device, it is necessary to appreciate that
the brightness of a TV line is proportional to the voltage level
applied to its video input.
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Fig. 1. Block diagram of VDU. Connection of the data bus, address bus, and some common control lines will allow this

system to work with most microcomputer systems

As the line of a TV picture strobes across and down the
screen, it must lighten and darken at exactly the right
moment to build up a complete picture. Only two levels are
used here: logical one, and logical zero, giving white and
black. These ones and noughts are stored in the 2513 read-
only memory employing it as a character generator, and it is
the CRTC which controls the exact moment at which these
are available to be displayed on the TV screen. A TV line is
continuous and needs the ones and noughts in a sequential
manner, hence the use of the “parallel-in serial-out” device,
whose speed of transmission js determined by the TTL
oscillator.

In order to send the correct character to any position on
the screen, the CRTC generates the addresses for the RAM
block which sends back the characters for display in the form
of ones and noughts along its data lines. These are fatched
and form the address inputs for the 2513. The CRTC places
white regions between characters by disabling the 2513 in
those time slots.
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In this mode of operation, the address buffers between
the CRTC and the RAM are enabled (at zero level), and the
data buffers into the RAM and the address buffers from the
MPU are disabled. The RAM is also held in a “read”
condition, being a one on the read-write (R/W) line. When
the MPU wishes to address the RAM, the states of these
buffer-enables are changed to allow the MPU to read or
write to or from the RAM. The R/W line is controtled
accordingly.

The final block of the system is a UHF modulator to allow
the VDU to interface to an unmodified TV set. The definition
of the display is always partly degraded by this technique.
For those with a monitor or a modified TV set, a video output
is provided which gives a highly stable and clear display.

CONTROL LINES

The VDU-select line is decoded from the upper address
lines of the MPU system and is active-low. The enable tine is
a control generated by most MPU systems to enable only
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when the address information is valid, thus preventing a Fig. 2. Cursor control flowchart
false read or write. This line is fed from VMA & 0, in a 6800
system and is also active-low. RAW is generated by MPU F
systems to distinguish between a read (R/W = 1) and a write

(RAW = 0) operation. @

This leaves only the CRTC control lines C,, C,, C, and ST.

They are specific to this chip and allow hardware control of

3 . 00 A
the cursor (a flashing character permanently on display). The
cursor may be moved up, down, left or right, by applying the ]
appropriate ones and noughts on C,, C, and C,. ST is used to | APA1
inform the CRTC that a control word is present.

NO
OPERATING SYSTEM 0

Displaying information on the screen is a very YES

straightforward operation with this VDU. Characters are 0 - 57
displayed by writing their ASCIl codes to memory locations

in the VDU. The exact addresses involved depends upon Y
where in memory the VDU RAM has been placed. 157

It should be remembered that the display consists of
1024 ASCII characters arranged so that the top left position
on the screen is the lowest address in the block. Thus, a user
may decide to place this additional 1 kilobyte block of user \ /
RAM at address 0000 to O3FF (hex), for instance. These
particular addresses are best used for other things in a 6800
system, however, and a better suggestion is to place it at,
say, 1000 to 13FF. This means that the ten lower address
lines, A, to A, are necessary to distinguish between each
address on the screen. The upper six lines must be decoded f
to address this particular block of memory as opposed to any
other. This occurs when A, to A,, have values 000 100
respectively. That is, when the MPU places these six values
on the respective address lines, the VDU Select line must go

low. The first 10 address lines of the MPU are fed to the :ZITAED;::SSE o YES \Qnme‘;nzrum
VDU and take care of addressing within the VDU RAM POINTED TO BY X 1 ?
automatically. [

A typical display operation is illustrated by the following
example. Suppose the word “hello” followed by spaces, is to L CRERBNI X

be displayed on the top line. The letters of "hello” are first
converted into their hexadecimal equivalents in ASCI!:

H =48 (hex) END OF LINE =

E=45 (hex)

L=4C (hex)

O =4F (hex) YES < PosiTION oN

SPACE = 20 (hex) ™S

LINE
?

X=END OF

A small program is now written to store 48, 45, 4C, 4C, _ VDU RAM
4F, in consecutive memory locations starting at 1000, in the .’ |
above system. This displays the word at top left of the INCREMENT X
screen. Another program is then written to store 20 in 7 G L I_j*
locations 1005 through 103F. This fills the rest of the top TO START OF
line with blanks. In this way, any program, while running, SEANURE Amen
simply stores the ASCII equivalents of its output somewhere RIGHT
in the VDU RAM. _ | x seT eauaL -y
Another important use of the VDU comes in program TOVSLARRIMOF & |
writing. Several ways may be used to check on what has just r et
been written. The program may simply be input to the MPU 1 DOWN
system by a bootstrap loader. This is the type most '—'—
commonly found in MPU monitors.
A “dump” of the contents of a block of memory H;:SSLOERFT
containing this program may then be displayed on the
screen for checking. Some monitors already contain a =
formatted dump, and it is then simply a question of ensuring ¥
that the VDU RAM is enabled at the correct addresses for
this monitor. The writing of this sort of software is quite EXIT
straightforward and well worthwhile. Another important \ /'

method of checking during program development is to
display the program one byte at a time as it is written. Fig. 3. Scrolling flowchart

1056 Practical Electronics October 1978




The experimental prototype VDU board. Next month a
double sided p.c.b. layout will be published which
incorporates all refinements including the modulator

PRACTICAL ELECTRONICS v O U
$3188T LTI IRIIILIILLILISLLILLIRLLILIYLLINL
s

16 LIKES X 64 ASCIT CHARACTERS

FULL MERORY NAPPING FACILITIES

FULLY BUS COMPATIBLE

{NEXPENSIVE LOM CHIP COUNT

EXTRA IK BYTES OF USER RAM

VIDEO OR DIRECT T v OUTPUT

$3888 8888888808800 02 8008082 8008288
$ FULL CHARACTER SET ¢

1234567898 #4488 =~ BLN#5a K, ) 7/

ABCDEFGHI JKLANOPORSTUVMRYZ

Two examples of the type of display attainable

PROGRAR  JEVELOPMENT

USTNG

PE VDY
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COMPONENTS . ..

(Resistors

\.

R1 8.2MQ
R2, R3 560Q (2 off)
R4 47kQ
R5, R11 1kQ (2 off}
R6 220Q
R7 3-3kQ
R8 1.2k
R9 2.-7kQ)
R10 1k
(all W 5% carbon film)
Potentiometers
VR1 100k min vert preset
VR2 100Q min vert preset
Capacitors
C1 0-22pF Disc ceramic
Cc2 100pF Sub min ceramic plate
C3 82pF Sub min ceramic plate
Cc4 33pF Sub min ceramic plate
C5 47pF Sub min ceramic plate
C6 10nF Disc ceramic
Cc7 33uF 10 volit Tantalum bead
c8 220uF 16 volt electrolytic
c9 47uF tant bead (10V)
Semiconductors
IC1 SFF96364 plus socket
IC2-1C9 2102LF (350nS) (8 off)
1IC10 2513 {single supply type) plus socket
1IC11 74174
IC12 74165
1C13-1C16 811597 (4 off)
I1C17 74163
1C18 7418132
1C19 7402
TR1 BC184
TR2 2N3663
XTAL1 1MHz
Miscellaneous

SK1 chassis mounted coaxial TV socket plus nuts and
bolts for fixing

Two pieces of Veroboard (O- 1in matrix)
46 x 25mm each

PP3 battery connector

0-5 metre of 8-way ribbon cable

Pins for through-board connection

Switches: S1 s.p.d.t. S2 s.p.s.t.

Constructor’s Note
A complete kit of parts including a drilled plated
through p.c.b. will be obtainable from Technomatic
(01-204 4333). Details next Month.
A limited number of assembled and tested boards
will also be available exclusively from Technomatic
Ltd., 17 Burnley Road, London NW10.
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Normally this would be done as follows. A byte is loaded
from the keyboard into some memory location. A jump to a
display routine is then performed, which puts the address
just loaded plus its old and new contents onto the screen.
This is repeated until some control character tells the load
routine to end.

The importance of a cursor, plus good screen
management or formatting in this process cannot be over
emphasised. Fortunately, the CTRC has a set of quite
sophisticated cursor control commands, as previously
mentioned.

A particularly effective and striking feature of the CRTC is
its hardware scrolling function. If a Cursor Down (line-feed)
command is given when the cursor is on the bottom line, the
entire screen’s contents jump up one line with the top line
jumping to the bottom. This also occurs if Cursor Right
operation is commanded with the cursor in the last position
on the screen.

After such a scrolling function, thg lowest address of the
1 kilobyte RAM is no longer displayed at the screen’s top left.
Instead, it is at the extreme left of the lowest line. A write
operation to this address causes a character to appear in a
position on the screen dependent upon the number of scrolls
which has been performed. However, the Cursor Home
operation forces the whole display to “de-scroll” and the
display reverts to normal, with the cursor at top left.

The cursor operation required at any time is converted
into a code of ones and noughts and applied to C,, C, and C,
according to Table 1.

The technical specifications of the CRTC demand that the
ST control line (normally in a high state) should complete a
low pulse of at least 1us a minimum of 8-3ms after any code
is applied to C,, C, and C, (apart from Cursor Home). This
informs the CRTC of the presence of a cursor control word.
The Cursor Home command requires at least 132ms
between the control word and the ST pulse. This is best
done in software by the simple loop shown in Fig. 2.

vDU

Table 1. Cursor control codes

OPERATION C, C, C,
cursor home 0 0 (1]
cursor home left 0 (1] 1
line feed 0 1 (1]
cursor left 1 (1] 0
cursor up 1 1 (1]
1 1 1

cursor right

The speed of operation of your MPU decides whether you
should load A in the above with 00 (hex) initially or some
higher number which will revert to 00 in fewer loop steps. A
simple VDU routine is shown in Fig. 3. This routine assumes
that a character to be displayed is stored in ASCII code in a
register (called the A register here). The cursor position
address is also assumed to be stored in a register (called the
X register). Characters are written to the bottom of the
display and a carriage return operation causes the screen to
scroll upwards. Spaces are then written to the end of the
current line, and the cursor is moved to the start of the line.
Information thus enters on the bottom line, following the
cursor, and then scrolls up the screen.

This completes the description of the system and in the
next issue, constructional details and setting up procedures
will be given.

The reader is urged to obtain a copy of the data sheet for
the CRTC and 2513 chips for additional information.

NEXT MONTH: Assembly
of p.c.b. and construction of
high density RAM module.

POINTS ARISING

DIMWIT (July 1978)

Some constructors may find that during the period
between the dim-out sequence and when the relay drops
out, the lamp flickers. A cure for this is to shunt the l.d.r.
{R13) with a 220k resistor.
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LINEAR CAPACITANCE METER (June 1978)

Unfortunately another error in this article has come to
light. IC4 and IC7 should be wired between +6V and —6V.
In Fig. 4 they are shown connected to OV.

KILN CONTROLLER (June 1978)

In Fig. 2 page 733 the value of R8 should be 10kQ and
the voltage rating of C2 in Fig. 4 should be 450V.

The setting up procedure on page 734 refers to the
output of IC2 instead of IC3.
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This unit does not show the average m.p.g., but gives an instan-
taneous fuel consumption related factor. You can check your driving
efficiency. As your foot goes down on the accelerator, down goes the
m.p.g., and up it comes again when your foot does!




HIS article describes a fuel consumption meter which
has been operating successfully for many months. The
attributes of the system are:

(a) Two digit digital display

(b} Mainly low-price TTL

(c) Interfaces to the car via a simple connection to the SU
electric fuel pump, and an easy modification to the
car’s speedometer.

An SU electric fuel pump may be fitted to any car using a
mechanical fuel pump, provided that the former can provide
the fuel at a satisfactory rate. In the author’s case, a 17256cc
Hillman Hunter was fitted with a fuel pump borrowed from
and aged side-valve Morris Minor. The Hunter never showed
any signs of fuel starvation despite very hard driving. Fig. 2
shows a simplified diagram of such a pump. As the pump
operates, the voltage at point “"A” alternates between +12V
and OV (for —ve earth vehicles).

The measurement system may conveniently be
considered as two interconnected sections, as depicted in
Fig. 1. Referring to this diagram, the distance monitor counts
puises derived from the speedometer, whilst pulses at a
slower repetition rate derived from the fuel pump cause the
generation of a series of internal control pulses which halt
the speedometer- counting process, store and display the
count to date, and reset the counter. This effectively
generates a measure of distance covered per operation of
fuel pump, which it may be noted is of the same dimensions
as miles per gallon, or for that matter, kilometres per litre,
although it is clearly not in these units. Fig. 3(a) shows the
counter module circuit, which utilises a total of six TTL chips
which drive a pair of 3015F seven-segment displays. Its
function is as follows: Provided that the reset line is kept
low, pulses into the gated speedo input, or to be more
specific, negative going edges, will cause the two tandemed
7490s to count. Pulses to the strobe cause the 7475s to
latch their outputs to the count generated at their inputs by
the 7490s. The 7475s outputs are converted by a pair of
7447s into seven-segment display code.

"The signals applied to this module, in relation to the signal
received from the vehicle sensors, relative to time, are in Fig.
4, which is not necessarily to scale. For each rotation of the
speedometer cable, one pulse is applied to the gated speedo
input, until the fuel pump operates, at which point the strobe
and reset lines are sequentially pulsed in order to display the
count since the last pump operation, and to reinitialise the
counters.

Fig. 3(b) shows the second module; this circuit matches
and converts the signals obtained from the speedometer and
the fuel pump sensors into those suitable for TTL logic.

SPEEDOMETER SENSOR

At this point, it is necessary to describe the method of
application to the speedometer of a sensor. The method
used by the author, which should be applicable to the
majority of cars, was to mount a photo-sensitive device in
the rear of the speedo in such a way that light is reflected
from the speedometer illuminating bulb via a part of the
rotating mechanism, onto the photo-device. The point at

Fig. 1. Simplified block diagram of Fuel Consumption
Meter

SPEEDD DISTANCE 7 SEGMENT
>— ¥ia
SENSE MONITOR DISPLAYS
3
FUEL PUMP FUEL
SENSE =1  uomToR




| I FUEL 0UT

(L= *uv
k-\ k '
AJ -
DIAPHRAGM SOLENOID ks
PUMP SENSE
CHASSIS TAKE OFF

(ov)

I FUEL IN

Fig. 2. Diagram shows the fundamental arrangement
of an electric fuel pump, and how the sanse signal is
derived. One-way valves direct the flow of fuel as the
diaphragm oscillates

which this is mounted has to be carefully selected, and it
may be necessary to paint parts of the internal workings of
the speedometer with matt-biack paint. It is also necessary
to make a minor change to the.speedometer illumination
system, entailing severing the wire connecting the
speedometer bulb to the sidelight system, and connecting it
instead to the ignition switch, such that it is on, whenever
the ignition is on. The photo-device is then connected to the
module of Fig. 3(b) via screened cable. This precaution has
been found to be essential in view of the high impedance
nature of the phototransistor, when no light is failing on it.

The current changes caused within the phototransistor
due to changes in the incident light are then used to drive a
p.n.p. Darlington pair, the output from which is taken to a
variable Schmitt trigger comprising a 741 with adjustable
positive feedback, a level-shifting n.p.n. transistor, and finally
a 7413 to generate suitable TTL levels, The setting of the
three variable resistors will be described later. The signals
from this section of the unit are then sent to the counter
module for processing.

FUEL PUMP

The pulses from the fuel pump which have additional
unwanted spikes in both the positive and negative sense, are
first clamped to TTL levels by a pair of diodes, one of which
prevents negative puises from entering the remainder of the
circuitry, the other of which clamps the input level to less
than 5V. The pulses then go to a pair of retriggerable
monostables, held in one package, the 74123. The two
monostable multivibrators have periods of T1 and T2 where
T1 is very much greater than T2. The output of the
monostable of period T2 is used to drive the subsequent
circuitry, while the output of the other monostable is used to
inhibit false triggering caused by contact bounce, ringing and
SO on.

The subsequent circuitry comprises a pulse sequence
generator to generate the reset and latch strobe pulses, and
to inhibit the input of speedometer derived pulses. The heart
of this system comprises a divide-by-eight counter, part of a
7490 (IC8) and a clock oscillator, part of 7413 (IC9). A pulse
from the monostable driver will force the counter to reset,
which allows the oscillator to function. This causes the
counter to count from zero to four, in so doing, generating
the required control pulses. When the counter achieves a
count of four, the rising of IC8 pin 9 output inhibits the
function of the clock oscillator.

1062

COMPONENTS . ..

~

Integrated Circuits

Miscellaneous

Resistors
R1,R3 27010 (2 off)
R2 2-2kf}
R4 2700}
R5, R6 240kl 2% (2 off)
R7 6-2kfl 2%
R8 27kQ

All resistors W 5% uniess otherwise stated.

Potentiometers

VR1, VR3 100k vertical preset (2 off)

VR2 1M1 verticai preset
Capacitors

C1,C2,C8,C9, C10 1InF (5 off)

c3 0:01uF

(o} 100uF/20V electrolytic

Cs 10nF

cé 10nF

Cc7 22uF

Transistors and Diodes

TR1,TR2 0C200 (2 off)
TR3 2N3705
TR4 BP101, TDB7805T or equivalent
D1,D2, D3 0A202 (3 off)
Displays
X1, X2 3015F (2 off)

iC1,iC2,I1C8 7490 (3 off)
iC3,iC4 7475 (2 off)
iC5, IC6 7447 (2 off)*
IC7 7413

I1C9 7400

IC10 7404

iIc11 74123

iIC12 741

iC13 7805 regulator

Three way plug and socket for sensor inputs. Metal case
(prototype housed in box 162 x 70 x 50mm). Plug and
socket for 12V input. Veroboard. On/off switch. inte-
grated circuit holders if desired. Polarised display fiiter
(for digitai version).

* Not needed for meter display

Constructor’'s Note

The BP101 is available from Electrovalue. 0C200
transistors are available from Watford Electronics,
and Semiconductors Supplies, Orchard Works,
Church Lane, Wallington, Surrey, SM6 7NF.

J
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Fig. 3(b). Interfacing module circuit diagram. This part of the system matches the sense signals to the TTL
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Fig. 4. Sensor and control signals relative to time. These are
not to scale

ANALOGUE DISPLAY

The author's unit employs a pair of seven-segment
displays, but it might be felt preferable by some constructors
to use an anologue meter display. These may easily be done
by replacing the displays and their associated 7447s with
the circuit of Fig. 5. In this circuit, the inverted outputs of the
two 7475s are used to drive a 6-bit resistive digital to
analogue converter, the resulting current from which is
amplified by TR4, and used to drive a 1mA meter
movement. The emitter of TR4 is set to around 2-2V below
Vcc by the effect of the three diodes D3, D4 and D5 and

Vec +SV

10k

4 390k R8

2:7k0

" 47k0 R9 INL14S
{CAN BE

2V2 ZENER)

D4

180kN R10

18k

10DkN

27k0

" 470k0  R12

RIS 32-7“!

Fig. 5. Circuit diagram of meter display circuit. Devices
marked with an asterisk in the main components list will not
be necessary if this readout system is used

R15. This ensures minimum current flow when the outputs
of the 7475s are high, thereby obviating the necessity of a
set zero adjustment. VR4 is used to set the full-scale
deflection value. This should be initially set to its maximum
value, and when adjustment of the rest of the equipment has
been made as next described, set to give the desired full-
scale reading in use.
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The use of a metal case is advisable for effective scresning;
the 5V regulator can then be mounted on the rear of the unit
for excellent cooling. The driver will probably be most
curious about the fuel consumption reading when
accelerating hard; a time when increased concentration on
the road is required, and so care should be taken in the use
on this instrument.

COMPONENTS . ..

- FOR METER DISPLAY
Resistors

R8 ~ 390k0 + 10kQ
RO 47kQ + 2.7kQ
R10 180k + 18kQ
R11 ~ 100kQ

R12 470kQ + 27kQ
R13 ; 1MQ (2 off)
R14 ; 270Q

R15 2.7,

Potentiometers
VR4 5kQ2 preset

D3,D4,D5 1N4148 (3 off)
. or 2VZ Zener (1 off)
Meter .

M1 1mA fis.d.

CONSTRUCTION

The circuit layout is in no way critical, and in the author’'s
case, the equipment was built on two small sheets of
Veroboard, with each board corresponding to one of the
modules described previously. The above having been said,
it is important to observe two important rules: The
decoupling capacitors on the 7490s on the counter module
board are essential to the counter chips’ correct operation.
They should be connected as closely as possible to the chip
supply pins. In view of the electrically noisy environment
within a car, due to ignition, and other radiation, the
equipment should be constructed within an earthed metal
box; failure to do so may result in spurious operation.
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SETTING UP

The only specific adjustment required in the system is that
relating to the circuitry interfacing the speedometer to the
TTL, and three preset adjustments have been found
necessary.

Adjustment may most easily be done with the equipment
in the car, and both driving wheels securely jacked-up clear
of the road. With the engine started and idling slightly faster
than normal, gently engage first gear. The three preset
potentiometers should be initially set as follows:

VR1 mid-position.
VR2 maximum resistance.
VR3 maximum resistance.

A test meter should be set to around the 5V d.c. range,
and connected to the output of the 741,

VR1 should be adjusted in either direction as necessary
until the meter reading pulsates at a speed proportional to
the speedometer reading. VR2 should then be adjusted until
the pulsations just stop, and then increased by about 10 per
cent. VR1 should be adjusted to the middle position of the
range in which speedometer pulses are detected. So far, a
centre point for the input pulses has now been determined,
and by setting the positive feedback to the maximum
acceptable, any rough tops to the waveform will be “ironed
out”. The number held by IC10 should now be checked; this
should be the value 4. If this is not the case, momentarily
trigger the 74123 by connecting the pump sense wire to
earth for a brief period. If after a very short period of time,

Practical Electronics October 1978

The author’'s Fuel Consump-
tion Meter circuit was laid out
on two pieces of Veroboard
mounted one behind the
other. Component layout is
non-critical, and this
photograph shows the basic
arrangement of the counter
saction of the prototype unit.

Interfacing section circuit
board. Use Fig. 3 for interwir-
ing. This board should be
mounted so that the displays
show through the front panel
directly

the 7493 does not halt in the mentioned rest state,
something in this area is not in order and the circuitry should
be checked. If all is well, transfer the test meter probe to the
input of the 7413, and reduce the value of VR3 until the
pulsations appear from the output of the 741, and then at
the output of the 7413. The equipment is now ready for use.

INTERPRETING THE RESULTS

During normal driving, the readings presented by the
equipment will fluctuate with changes in fuel consumption.
It should be noted that two sources of inaccuracy can occur.

The first of these occurs because the float-chamber
systems of most carburettors are gravity operated, and any
violent disturbance in the car’'s motion, such as violent
braking or cornering will affect the amount of petrol allowed
into the float-chamber by the needle-valve, causing a
momentary upset in the readings obtained.

Secondly, as is well known by Morris Minor, and
doubtless other drivers, a marked lowering of the level of
fuel in the petrol tank causes the pump to operate very
rapidly as air, rather than petrol is ingested. The settings of
the timing components on the 74123 is such that a cycle
during which air is ingested occurs before the 74123 pulse
of time T1 has finished, thus ensuring that the pulses from
the pump are ignored when air is being drawn in. Accuracy is
still effected by this phenomenon however, and the fuel level
should not be allowed to fall this low in normal running if
accurate results are required from the equipment.




impedance ¢

BY TOBY BAILEY & BOB WHITAKER

WHEN learning about electronics,

one of the earliest things that we
find is that for a resistor the voltage
acrossitand the currentdriventhrough
it are related by Ohm’'s Law

E=IR

where E is the voltage across a resistor
with resistance R and | is the current.
These three quantities are generally
measured in volts, ohms and amps
respectively. We then discover that
capacitors and inductors produce a
similar relationship, which is written
as E = 1Z where Z is the impedance of
the component and E and | are as-
sumed to be sinusoidally varying a.c.
voltage and current respectively.

The reason for this assumption is
that non-sinusoidal waveforms are
effectively a mixture of more than one
frequency. Since the impedance of
many components varies with: fre-
quency, the current flowing will not
then be directly proportional to the
driving voltage. It is worthwhile noting,
as an aside, that the way that non-
sinusoidal waveforms are dealt with

is to break them up into the sum’of -

sinusoidal parts, each of a different
frequency. Each of these parts can
then be dealt with using E = 1Z, the
current flowing can then be recon-
structed by summing the currents of
the individual parts.

In order to use the above formula we
need to know the value of the imped-
ance Z for the circuit. For a capacitor
the impedance (often called the
reactance) is given by 1/277fC, where
f is the frequency of the signal in
hertz, C is the capacitance of the
capacitor in farads (a unit which we
soon find out is about a million times

larger than is useful), 7 is 3-1416..

Similarly the impedance of an inductor
is 2nfL where L is the inductance of
the inductor in henrys.

Given this starting point it soon
becomes apparent that there is much
more to the impedance of capacitors
and inductors than their simple
numerical value. Consider, for ex-
ample, the case when we have a
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capacitor and an inductor which both
have an impedance of, say, 10Q at a
particular frequency that we shall
apply. If we connect these compo-
nents in series and apply an a.c.
voltage we might expect that the
impedance of the combination would
be 209, but this is not the case.
The total impedance is in fact zero!
Furthermore if we connect the com-
ponents in parallel the impedance is
not 59, it is infinitely large.

The above example demonstrates
that we require rather more information
if we want to calculate the impedance
of a combination of elements.

COMPLEX NUMBERS

" We .now introduce the concept of a
complex number which consists of
two parts: called the real part and the
imaginary part. A complex number is
written like this
X + yi
Here x is the real part and consists of
a real number, whilst y is the imaginary
part. i is the important symbol (j is
often used instead) which represents
a number which when squared gives
minus one
iXi= —1

If that is a little difficult to conceive of
it doesn't matter—just think of it as a
symbol which labels the imaginary

part of the complex number. Examples.

of complex numbers are: 3+ 4i,
10 —3i, —3-6 x 10* + 6-7i. Real num-
bers such as —7 and 43-6 may also be
thought of as complex numbers
whose imaginary part is zero. Similarly
there are numbers such as 6i, —0-2i
or even i (which is the same as 1i) in
which the real part is zero.

ARITHMETIC

Fig. 1 demonstrates a way in which
complex numbers can be shown on a
diagram. In the figure the complex
number is 3 + 4i. It is represented by
a line which goes from the origin of
co-ordinates (marked 0) to the point
which lies on the lines; real part =3

and imaginary part = 4. This line has
a certain length “r”, and makes a
certain angle to the real axis “@'".
Note that the complex number can be
specified in terms of rand ¢, and these
two numbers completely specify a
particular complex number, just as x
and y do.

Given the representation of a
complex number as x + yi or as an r
and a4, it is always possible to convert
from one representation to the other.

"F
Sk
i)

Fig. 1

Applying Pythagoras’ Theorem to

Fig. 1
r= Jx’ + y?

This is by far the most often needed
conversion. For the more mathe-
matically minded we will give the other
formulae

r cosd = x
rsind =y
tanf = y/x

Of these the last is the most important.

Addition of two complex numbers
simply involves adding the real and
the imaginary parts separately as
shown below

(x+yi)+(@a+ bi)=(x+ a) + (y + b)i

For subtraction you just subtract
real and imaginary parts separately—
be careful to get the signs right!

(x + yi) —(a + bi) = (x—a) + (y — b)i
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Multiplication is a little more
complicated .
(x +yi).(a+ bi)=
(xa — yb) + (xb + ay)i

Unfortunately dividing complex
numbers is more difficult than the
preceding cases—hopefully the follow-
ing steps should make the process
clear. Assume we want to evaulate

X+ yi
a+ bi
First we multiply both the top and the
bottom of this expression by a — bi.
Since this is the same as multiplying
the original expression by one, our
division can now be written as
(x + yi).(a — bi)
(a + bi).(a — bi)
If we now multiply out (a + bi).
(a — bi) we get a%? + b2 which has no
imaginary part at all, so our expres-
sion is the same as:
(x + yi) . (a — bi)
a? + bt
and we know how to multiply the top
to get
. (xa + yb) + (ya — xb)i

a® + bt
and this is the same as
(xa + yb) (ya — bx) i
a* + b? a? + b?

There is just one more thing before
we finish our maths lesson and that
is how to multiply and divide complex
numbers when they are in r and 0
form. This is simpler than for numbers
in x + yi form: to multiply you multiply
the “r"'s and add the “0's; to divide
you divide the "r''s and subtract the
“0”8.

In these examples the complex
numbers are written as (r,0); thus
(2,36°) stands for the complex number
with r = 2 and ¢ = 36°.

(i) (3,15°) .(4, —12°) = (3. 4,15°
—12°) = (12,3°)
(ii) (16,186°) . (4, —26°) = (16.4,
186° —26°) = (8,160°)
(iii) 2,17° _ 2 o
527° 5 10
But remember that 360° is a full
circle, so that —10° is the same as

2 2
350° so -, —10° = -, 350°
+ o 5 5 50
It is now time to use these numbers.

COMPLEX IMPEDANCES

Any impedance which is a combina-
tion of resistances, capacitances and
inductances can be represented as
one complex number. Sinusoidally
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oscillating voitages and currents are
also represented by complex numbers.
Using the arithmetic of complex
numbers that we have described, it is
now possible to use Ohm's law to
give the correct answer and we can
combine impedances in the same way
as we used to combine resistances.
Let's see how this works.

Resistors have no imaginary part
to their impedance, it is just their
resistance R.

Capacitors have no real part to their
impedance, it is given by —if2nfC.
The symbols all have the same
meanings as before.

Inductors too have no real part to
their impedance, it is given by 2#fLi.

It is easiest to represent voltages
and currents in r and ¢ notation.
First it is essential that you know
aboyt the phase difference between
two sinusoidal waveforms of the same
frequency.

The phase difference is given by
the distance between the peaks of the
two waveforms and is specified by an
angle which is worked out by defining
the angle between two successive
peaks of the same wave to be 360°
Reference to Fig. 2 should make this
clearer.

QUANTITY
TWO SINUSOIDALLY

VARYING QUANTITIES

i

ONE CYCLE
OF 360°

TIME

le—1 PHASE DIFFERENCE

OF 90°
Fig. 2

To describe a voltage or current in
terms of a complex number it is
necessary to take one waveform in the
circuit as a reference to which all the
others will be referred. This reference
value has no imaginary part, and its
real part is just its peak value. All other
voltages or currents are represented
in r and ¢ notation by a complex
number with r equal to the peak value
and 0 equal to the angle by which the
waveform ‘‘leads" the reference wave-
form. By leads we mean that the
angle is measured from a peak of
the wave to the next peak in time of
the reference wave. See Fig. 3 for an
example of this.

With the set up we have just des-
cribed, almost anything that you
could have done with resistances and
d.c. voltages can now be done for
impedances and sinusoidal (i.e. one

. frequency) a.c. voltages.

3 ~
"
\ ¥ 7
N // Al
\ ’ \
N < \ TIME
\ 7
" » d N\
\ /b
@ {8
L
\{a] LEADS (b] BY 60°
i)
/?4 ™~
»
3_
Q— ta)
14
{b)
— L REAL

1.2 3 4 56
8 IS THE PHASE LEAD ANGLE

Fig. 3

=il

TUNED CIRCUIT

The complex impedance of the
series tuned circuit in Fig. 4 (a) is
found simply by adding together the
complex impedances of the capacitor
and the inductor to get

1 .
<27rfL — m) i

1
v >

Fig. 4 (a)

c

=

Note that the impedance still has no
real part. Hence in r and & form it has

1 5
r <27rfL 27rfC> and 7 = 90°
You may notice that r might be
negative in the above formula, in which
case ¢ would be 270°—but negative r
in the direction of 90° is the same as
positive r in the direction of 270°.
it isn't usually worth bothering about
these things, they almost always work
out alright in the end!

Now suppose that we want to know
what current flows in the circuit. We
know that E = |Z, so | = E/Z. Choose
the input voltage to be the reference
quantity for the circuit—it will then
have r=V (the peak value) and
0=10°. To work out the current
flowing we divide E by Z, remembering
to divide the "'r''s and subtract the
“0"s. So | has

r= L and ¢/ =0—90°= -—90°.

2nfl— ——
M onfC
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So the current is 90° out of phase with
the voltage, remembering that leading
by —90° is the same as lagging by
90°. We have a rather peculiar expres-
sion for the peak value of the current
(r). Notice how this expression is
positive for high frequencies but
negative for low ones. Thus the
arrangement of the waveforms’ in

JAY A\ v
’ /
\ AT AT
\ A / N
i — 5 TIME
v [\s v[\s
\ \
\/ \/
L
1 LEADS v BY 90°
Fig. 4 (b)

Fig. 4 (b) is only valid for high frequen-
cies. As f decreases, | suddenly be-
comes very large (when the bottom of
the expression for r becomes zero)
and then smaller again. However r is
now negative so the phase changes
by 180°—this is the same as saying
that the waveform of the current be-
comes inverted.

In practical circuits of this nature
there is always some resistance
present so the change occurs gradu-
ally. Note that the impedance of this
circuit goes to zero when

1

2nfl. = m
i.e. when
fo 1
27 \JLC
which is the well known resonant

frequency.

SIMPLE R.C. CIRCUIT

The circuit’ shown in Fig. 5 is a
very basic high pass filter. To find the
current which flows we need to know
the impedance of the combination,
which is given by

—1 1
Z=R+<2n+c'>_R_2nfc'

oo}

—O Vout

Choosing Vin to be the reference
quantity (which, you should remember

means that r= Vin and 0= 0°) we"

can then say that the current flowing
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is given by
Vin
1
Re— '
2nfC '
Now the output voltage is produced
by the current | flowing through the

resistor R so, using Ohm's Law, we
obtain

NI <

VinR

1
R—gic’
To evaluate this we had better put it
into r and 6 form. ViuR is simple—
since it is just an ordinary number
with no imaginary part it has r = VinR
and ¢ =0° To convert the bottom
half of the expression we need to use
the formulae for r and @ in terms of
x and y that we mentioned earlier:
namely r=,/x?+ yz and tanf = y/x
(this last part can be done by scale
diagram). Putting the x and y values of

1
R+ gaic |
into these formulae gives the value of

r to be

Vout =

1
4m*f2Ce
and @ is going to be the angle for which

y  —1

x  2#fRC "
Using the rule for division in r and ¢
form we can now calculate the value of
Vout
Vin

r= R? +

—therpartis
R

r = . 1
J R

and the 6 part is minus the angle for
which

y —1
x  2afRC
—if you draw a diagram you can see
that this is the same as the angle for
which

y 1

x 2nfRC
The r value gives us the amount by
which the amplitude of the voltage is

decreased. When
1

amfece
this attenuation factoris about 707 (or,
using the decibel scale, about —3dB).
Rearranging this formula and getting
rid of all the squares gives
1
f= ——
2nRC

This is often called the break point for
the filter.

2 =

What do all these complicated-
looking formulae mean as regards the
performance? Well, when the fre-
quency is very high the

1
4mf2C?
Vout
Vin

very close to one. This indicates that
high frequencies pass through the
filter almost unobstructed. In contrast,
when f is very small the
1
4”2f2c2
term is going to be far larger than the
R? term so we can ignore the R? term

without too much loss of accuracy.
We then have

becomes

termis very small and so

Vout R
—— = 27fRC
Vin 1 mt
4772f202
Vou

Notice that the tﬁgure halves every
n

time the frequency halves. This sort
of relationship is best shown on a
decibels versus logarithmic frequency
plot as shown in Fig. 6 (a).

1] —

o y;
© V4
/

ATTENUATION {dB)

-25
-30 /
=35

-40
10Hz 100Hz 1kHz 10kHz

FREQUENCY

100kHz

Fig. 6 (a)

Taking OdB at the input level, the
output level of the filter is fairly con-
stant down to just above the break
point: the output then curves down,

" finally falling off at about 6dB per

octave (haiving of frequency) which is
20dB per decade.

We have not yet used the informa--
tion we have calculated about 6. For
actual values of R,C and f, ¢ can be
evaluated either by drawing a diagram
or by working out

¢ = arct L
arctan S7iRc

on a scientific calculator. We can see
roughly what is going to happen: at
very high frequencies when the filter
is passing almost all of the input
voltage, y/x is very small which means
that the output voltage has almost the
same phase as the input voltage. As
the frequency decreases it will reach
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the break point where
o,
2nfRC

—this means that the output will lead
the input by 45°. As the frequency
keeps on decreasing the phase lead
will continue increasing, getting ever
nearer to 90° but never quite getting
there as shown in Fig. 6 (b).

90

5 .
g 80
& 70
w
& \
z \
g 50'
=5 =
Iy
§ o AN
=1 20‘ l \
8 ] N
< 10
x
: |
10Hz 100Hz 1kHz 10kHz  100kHz
FREQUENCY
Fig. 6 (b)

When working with filters such as
this one, it is generally true that the
attenuation versus frequency graphs
(on logarithmic scales) can be simpli-
fied considerably. To do this you just
assume that the response is flat
down to the break point, whereupon
it falls off immediately at a rate of
6dB per octave = 20 dB per decade.
This approximation is shown dotted
in Fig. 6 (a)—the approximation is very
accurate except for a decade or so
around the break point when it can be
up to 30 per cent out.

MORE COMPLICATED
FILTERS

As a slightly more complicated
example let us try to design a filter
which passes high frequencies un-
attenuated and attenuates low fre-
quencies by 10. We want the middle
point to be at 1kHz (the full attenuation
is 20dB so call the mid point the 10dB
attenuation point). We would also
like some idea of the phase perform-
ance.

Ry
Vin O— A —0 Vout
c
L
Ry
Fig. 7

The obvious way to do this is shown
in Fig. 7. At very low frequencies the
effect of the capacitor is insignificant
so

Vout Rz

Vin R, +R,’
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which we want to equal

1

10°
Choose as fairly sensible values R; =
9kQ, R;= 1k{. Whether these are
sensible will, of course, depend on
the impedance of the source we are
using to drive the filter and the imped-
ance that is being driven by the filter.
Say for the sake of simplicity that the
driving impedance is a few ohms and
that the driven impedance is at least
several tens of kilohms. Now down
to work:

Using the symbol R,|IC to mean the
impedance of the parallel combination
of R, and C we have

Vou _ R

Vin  R;+ R,lIC
But R, = 1kQ and R; = 9k(2 so

9000 <——2”fc> i

RJIC = 1
9000 — o7 !
and
5
90000 — — i
Vout _ 00 nfC
Vin 50
90000 — — L

The *'r part' of this expression can be
found by dividing the r part of the top
by the r part of the bottom

1

2 5\’
A/ (90000)% + <FC> -
50\* /10
. /\/900002 P <Ff€>

since we require this to be equivalent
to an attenuation of 10dB when
= 1kHz and 10dB is a voltage ratio
of J10:1.
Square both sides and multiply out
which gives

9 x 81 X 108 =

2500 — 250
this is for f = 1kHz so
cr— 2250
-9 x 81 X 108 X 7% x 108
3127 x 10-18

and finally we get to the value of the
capacitance C = 5-6 x 10-% farads =
0-0564F. If we substitute this value
into the original formula for the r part
we get

81+ 100 108
A/(goooo)2+—+le A/1+?

81 x 1016 107
,\/(90000)2+f—2 A/1+?

A graph of this is the attenuation of
the filter, as shown in Fig. 8 (a).

0
@ -5
o
z -1
o
E -15
3
Zz -20
w
E-25
<
-30
10Hz 100Hz 1kHz 10kHz  100kHz
FREQUENCY
Fig. 8 (a)

PHASE PERFORMANCE

To get some idea of how the phase
difference between the input and the
output varies with frequency we see
that at high frequencies the capacitor
is going to have far more effect than
R, and so the phase shift will go to
zero, just as it did for the simple high-
pass filter. Also at very low frequencies
the effect of the capacitor will be
negligible and the phase shift will go
to zero again. What happens in be-
tween? If we substitute the value for
the capacitance into

Vout 5 N
Vin = 90000 — % I
50 .
90000 — ﬂf—C i
we end up with
Vout - 1 _ﬂﬁ ;
Vin - f
3160
1 o190,
f

From this we can work out the phase
shift for any frequency: for example
at 1kHz we have

Vour 1 — 0-316 i

Vin 1 — 316 i
Now ¢ for 1 — 0-316i is about — 174°
and ¢ for 1 — 3:16i is about — 72%°,
so 4 for

Vv
O - 174° — (— 724°) = 55°
Vin
&
x 60
3 o N\
o 50
& . ./ \
5 VAR
4 20 ,/ \
4 10 A N\
N
10Hz 100Hz 1kHz 10kHz 100kHz
FREQUENCY :
Fig. 8 (b)

In fact this is the maximum phase
shift for any frequency. A graph of
phase shift versus frequency is also
shown on Fig. 8 (b).
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High Performance

POWER
SUPPLY
UNIT R.Lawrence s.s..

T HIS article describes a high performance power supply
with voltage control down to zero {yes, zero, not two and
a half volts or five and a quarter or, as in the case of many
supplies, whatever the Zener voltage used in the system
happens to be) and current limit from a few milliamps to
several amps.

This ability to have current limit down to such low values
allows one to, for example, work with low power circuitry
knowing that even if something drastic happens nothing will
be destroyed. One can even use this facility for measuring

the values of larger electrolytic capacitors!

SPECIFICATION .

@® Volitage Control 0-30V

® Current Control 2mA-2A

® Output Resistance Less than 0-001Q
® Ripple and Noise Less than 1mV

@ Line Regulation Less than 0-001%

® L.e.d. indicator current limit mode
@ Sharp voltage/current mode transition J

® Instant switch off

CIRCUIT ACTION

The reference voltage is generated in the circuitry around
IC1 (see Fig. 1). D5 is a 5-6V Zener diode run at its zero
temperature coefficient current. Values of most Zener series
(BZY88 in particular) exhibit positive temperature coefficient
below 5-6V and varying degrees of negative t.c. above this
value.

R5 and R6 set the output of the reference generator at
twice the Zener voltage and in addition a low output
impedance feed to the rest of the p.s.u. is guaranteed by the
high degree of feedback employed.

The circuit operates as follows; the output of the op amp
IC1 increases until D8 conducts, whereupon the circuit
stabilises with the Zener voltage appearing across R5.
Negligible current flows into the non-inverting input of IC1
and therefore all the current in R5 flows into R6 yielding
twice the Zener voltage at the output of IC1.

AMPLIFIER

Unlike most power supplies, instead of providing voltage
control by means of varying the feedback factor in a control
system, this design uses what is in effect a “uni-phase
power amplifier’” arrangement.

The reference section provides 2 x 5.6 =11-2V, and we
require 30V out, hence the gain of the amplifier is 30/11.2.
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The resistors R11 and R12 determine the gain, and this is
given by:
R11+R12

R11

which can be re-written in terms of V., {11-2V), and the out-
put voltage V,, (30V) as the ratio of the two resistors:
R11__ Vi
R12 Vou! - Vrel

A,=

=0-59

PREFERRED VALUES

Two preferred values which give this ratio whilst at the
same time approximately maintaining an equivalent
impedance looking back from either the inverting or non-
inverting inputs of the op amp (this keeps temperature drift:
effects in the input bias currents common-mode and -
therefore self-cancelling) are 33kQ and 56kQ.

ADVANTAGES

One of the advantages of using a "power amplifier”-type
system in the voltage section is that the control of output
voltage down to zero can be achieved easily. Other designs
allow this to be performed but solutions sometimes can
appear somewhat contrived. With the amplifier system zero
input means zero output.

For perfectionists a preset has been provided which
allows one to trim out any remaining millivolts which can be
caused by offset in the 741 or possibly the voltage control
potentiometer not yielding exactly zero output voltage when
turned fully anti-clockwise.

CURRENT LIMIT SYSTEM

The current limit system sets the maximum output current
available from the p.s.u. and also provides an indication that
the unit has shifted from constant voltage mode to constant
current mode.

Current limit comes into operation when the voltage
across a sensing resistor {R7) reaches a predetermined
value. This value is set by VR3 and is derived from the
reference voltage line from [C1.

OPERATION

All the current that flows from the output terminals must
also flow through R7. If we now consider the circuitry
around IC3: the inverting input is biased at OV via R21,
whilst the non-inverting input can be adjusted to any voltage
between O and 2V. Say it is set at 1V and the output voltage
at several volts, If the load is increased the voltage output
will be held at a constant vatue by the voltage amplifier sec-
tion and the presence of R7 will have a negligible effect due
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to its low value and because it is situated outside the feed-
back loop of the voltage control circuitry.

It is interesting to note that if the load is constant (a
resistor for example) and the voltage output is constant, then
the current through R7 is constant and substantially
independent of any ripple in the incoming supply.

If the load is now increased to cause the voltage across
R7 to reach 1V, IC3 comes into action.

COUPLING

The output of IC3 is coupled to the non-inverting input of
IC2 (essentially the input to the voltage amplifier arrange-
ment) with a diode. Thus the current control can ““cutin”” and
override the voltage control, but at all other times is totally
disconnected from it. Hence, when in our example the
voltage across the sensing resistor reaches the predeter-
mined 1V, IC3 adjusts the input to IC2 in such a fashion as
to maintain this voltage across the resistor and thereby form
a second dominant control system-—except this time con-
trolling output current and not voltage.

C8 provides compensation in this loop to maintain
stability.

INSTANT "SHUT-DOWN"’

In order to prevent any spurious effects that may occur as
the negative rail voltage decays away when power is
removed from the unit, transistor TR1 removes drive to the
outputstage as soon as the rail collapses.

Under normal operation TR1 is held off by R14, but when
the negative rail fades TR1 comes on and holds the output of
IC2 low. This does no damage to the i.c. as the 741 has
comprehensive internal output current limit circuitry built
into it which limits its output current to a safe 15-20mA.

The fact that the output from the p.s.u. disappears
virtually instantaneously can be an asset when doing test or
experimental work. It allows one to kill the supply and
perform circuit modifications without having to wait first for
the power supply’s internal capacitor to slowly discharge.

CONSTRUCTION

Construction should commence with the etching of the
p.c.b. and then assembling components onto this as shown
in Figs. 2 and 3. As this layout has been proven, it is wise to
stick to it as much as possible to ensure stability. The
remaining peripheral components should then be connected.

—F————— e ————_—— ———— — —— — — — — — — — — — — — — — e "“
4 |
T
|
I TR2 TR3 rie | !
I o5 L 2N 3055 22xa |
3% cS md R18 |
| a1 220nF =y s6kn TR4
LU BC157 l
' e, S0 |
R1 1L e G 1N4148 H-VE OUT |
D1-4 22kn| | ¢ - e R20
>+ ety | 101 NS 330k0 VR3 1060 | |
cﬂ- | 3 +741 . VOLTAGE . 22k0 6 | |
BRIDGE 4700 1NLOO1 |
uF I RS RS 6 [ ) 7 . l
{ 10kQ 220 D11
| RS C7 mpm r22 S
VR1 4T «7%aS |
: iTeEL 27k gma cs I
R6 Rt 10k 2
R4 4 |
10k 33k0 ~VEOUT
4-7k0 100nF
: n T |— " l
| »y |
Dg TR1 % * |
A v R7 R17 012
T o5 1N4148 4 BC 182L - 0.30 (See text) nezos | |
| 2w |
c2 5
I R2 D I
| c3
‘V\/‘—| 7
l100a gour| Nutes  LIOOVF D7 |
| o8 |
Fig. 1. Circuit diagram | DS B2 |
L ING14B 2200 Thick lines indicate direct wing_tﬂmi_nmi_n flﬂ'y_ ________ i
SUPPLY CURRENT TESTING

There is a small amount of current which flows through
R7 which does not go to the load. This constitutes the
negative supply current to IC1 and the Zener current. This is
the reason for R17. It allows voltage appearing across R7
due to this current, and also any due to remanent resistance
in VR3 (when fully anti-clockwise) to be offset. Normally it
should lie in the range 0-100Q (typically about 33Q).

NEGATIVE RAIL GENERATOR

The circuitry around C2 and C3 forms the negative rail
generator. This is required to enable IC2 to control the
output voltage down to zero. Similarly since IC3 has to
control the input of IC2 down to zero, it too requires a
negative supply. IC1 is operating under fixed conditions,
however, and therefore can be run between the positive
unregulated input and earth.

The negative generator is simply a pump system with
simple stabilisation on its output (R3 and D7).
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When building p.s.u.s, power amps. etc. initial switch-on
can be a little nerve racking, as small mistakes can easily
result in drastic burn-ups. |deally a Variac should be used
here, as then the input current to the system can be watched
whilst the input voltage is slowly increased. If it is seen that
the current has risen beyond a reasonable value then the
circuit can be checked and the replacement of burnt, charred
components is happily avoided.

However, in the absence of a Variac a low value resistor
(20-50Q) of a Watt or so rating can be used in series with
the secondary of T1, together with a multimeter set to 1A
a.c.

When power is applied the meter should just give an
initial kick and then settle down to a low value (10-30mA).
A fault condition exists if the resistor overheats and/or the
current is substantially higher than the above readings.

Assuming the first switch on has been successfully
accomplished and the unit is drawing the correct current,
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short out the series resistor and make sure the current is still
around 30mA.

Now check that the output of IC1 is between 11V and
12V with respect to the negative output terminal. Check that
pin 3 of IC2 varies in voltage with the position of VR1, and
that when VR1 is fully anticlockwise there is in fact zero
volts at this point.

Next check that the negative supply pins of IC2 and IC3
are at between —5V and —6V with respect to the negative
output. After this check the output of the supply can be
varied from zero to 30V. With VR1 fully anit-clockwise
adjust VR2 to trim out any remaining millivolts.

CURRENT LIMIT

Once the voltage system is known to be satisfactory the
current limit system can be checked. Diode D9 connects the
output of IC3 to the non-inverting input of IC2 and it is
worth noting that if IC3 output is staying low for some
reason this will override VR2. If it is suspected that there is a
fault in the current limit system, D3 can be removed and the
two systems isolated. It should of course be replaced before
the current limit system is examined.

To check the current limit system, first make sure that pin
3 of IC3 varies from OV to about 2V when VR3 is adjusted.
Turn VR3 to a minimum. If D12 lights it means R17 is too

Fig. 2. P.c.b.
T0 20v TRANS  —ve 1 4y 10 TR3 TOVR3 —VE D12 +VE D12 TO yR3
i ! i !
J
! v~ leN B oN v o v
4
‘ it 19
07 (hr3 gils) R22 4R13 rRof@] |Re 19 Ro0
| R16[010 4 7
= 09 Ce T0 { 0y
| & VR1 TRG
a7 (2}," | . I d s
C =
- R
1 b
2 L b TO VRt S‘
_VE I——> T VR1

c2

BK

~VE C! 4—a

) A—{ JTT J—a Gl

(=]

o/p

TO VR3

Fig. 3. Component layout. If bridge rectifier used R1 can be connected directly to C1
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jow. Ensure first though that it is not a fault condition.

Now turn VR 1 to give zero output voltage (check this with
a multimeter). Set the multimeter to about 100mA d.c. and
slowly turn up the output voltage with VR1. If all is well,
D12 should light and the current should limit at a low value
(2-5mA). If this does not happen check D9 and IC3 and
associated circuitry, with the usual attention being payed to
such things as dry joints and solder splashes.

When this stage has been reached a value can be given to
R17 if D12 still comes on at VR3 minimum setting. As men-
tioned above it should allow current control down to 3-5mA.

METERING

A meter is a very useful feature to have on a power sup-
ply. 1t is possible to do without one by having calibrated
voltage and current controls but this does restrict the unit
somewhat.

A circuit which allows switchable current/voltage
monitoring is given in Fig. 4. Current is measured by
monitoring the voltage across R7. This means the unit's very
low output impedance is preserved.

Eransyme a
Rx Y4
[For)C- —ANN— —o
=
R
PCB v X

e B e e

Fig. 4 Monitoring circuit

R, and R, are determined by the meter sensitivity and
resistance. If the meter sensitivity is ImA for f.s.d. and it has
a resistance of R_€, then R, will be obtained from:

m

B, = ( 3—lo-x 1000—R,,])Q

Similarly R, is obtained from:
R,= (1T x 1000-—Rm) Q

If two meters are available, of course, both voltage and
current can be monitored simultaneously and S1 can be
done away with.

HEATSINKING

Any linear power supply with a reasonable output should
be equipped with generous heatsinks, and this is no excep-
tion. The worst-case condition for these “linear” type sup-
plies is when they are supplying a high current at a low
voltage. The dissipation in the series pass transistor can
reach as high as 50W in this case and to keep the junction
temperature of the series transistor down to a safe value a
heatsink of around one degree C per Watt or better should
be used.

The constructor's discretion can be resorted to here: if itis
apparent that the unit is severely overheating and the tran-
sistor TR3 far too hot to touch (don't get misled however,
they can take junction temperatures in excess of 150
degrees C) then greater heatsinking should be employed. *
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COMPONENTS . ..

Resistors
R1 2:2kQ 1W
R2 10002
R3 2200
R4 4.7k}
R5 10kQ2
R6 10k
R7 0-3Q 2w
R8 27k
R9 2-2kQ
R10 330kQ
R11  33kQ
R12 56kQ
R13 10kQ
R14 1.5kQ
R15 1kQ
R16 1kQ
R17 0-1000 (33Q typ. see text)
R18 56k
R19 2.2kQ
R20 10kQ
R21 10kQ
R22 4.7k

All $W carbon except where otherwise stated

Potentiometers
VR1 3 good quality 10kf2 log.
VR2 100kQ miniature carbon preset

Capacitors
C1 4,700uF 40V elect.
C2 100uF 40V elect.
C3 100iF 40V elect.
C4 100nF polyester
C5 220nF 63V plastic or ceramic
C6 47pF plastic or ceramic
C7 4-7uF 35V tantalum (or elect.)
C8 330pF plastic or ceramic

Semiconductors
IC1-3 741 (any manufacturer as long as good quality,
esp. for IC2)
TR1 BC182L
TR2 2N3053
TR3 2N3055
TR4 BC157

D1-4 Any 3A 50V bridge {or 4 discrete 3A diodes) e.g.
RS type 261-457

D5-6 1N4148, 1N914

D7-8 BZY88-5V6

D9-10 1N4148,1N914

D11 1N40O1

D12 Any suitable l.e.d. {TIL 209 etc.)

Miscellaneous
Mains transformer 240V primary, 20 to 25V, 2A secon-
dary. Heatsink for TR3, approx. 1 deg. C per Watt (plus
mica insulation kit) RS type 401-807
Box to suit, on-off switch etc.
Meter (if required) see text
Switch {S1) if required (d.p.d.t) + R, & R, values (see
text)

L J
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: H AVING formed a general picture of the workings of the

analogue computer, the complete circuit of a computing
element can now be described. This is shown in Fig. 2.1. The
basic circuits of input and feedback, components connected
around the op-amp can be readily recognised. The input
comprises four resistors, R, to R,, which are connected to
sockets in the patch panel and to the inverting input of the
op-amp, via switches RLA2, S1c, and S1b. The feedback
circuit consists of R5, C1 and C2, which can be selected by
means of switch S1a and sockets (C7, B6 and CB8) on the
patch panel.

Consider switch S1a set so that R5 is selected in the
feedback loop. The computing element now becomes a
summer. By recalling the equation for the addition circuit
that was described last month and by substituting the values
for R6, R1, R2, R3, and R4 it can be seen that a voltage
applied at inputs 1 and 2 will be multiplied by unity,

RS\ _1_,
R1orR2) 1~

whereas inputs 3 and 4 will multiply an input voltage by 10.
R5 .
(R3 or R4)‘ 01~ 19

With capacitor C1 selected in the feedback loop, the
computing element is converted to an integrator and if
values are substituted in the equation for the integrator, it
can again be shown that inputs 1, 2 and 3, 4 give a gain of 1
and 10 respectively. The selection of C2 in the feedback loop
increases the gain of all inputs by a factor of 10. This is
usually referred to as a nose gain of 10. The symbols used to
denote adders and integrators with the relevant gain values
are shown in Fig. 2.2,

The “Initial Condition” resistors R6 and R7 are brought
into the circuit by means of switches RLA2 and S1d. VR1 is
a 10kQ2 potentiometer, which provides the op-amp with
external offset nulling. This is connected across pins 1 and 5,
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with the pot slider taken to the negative supply rail. The non-
inverting input of the op-amp is grounded via R8. The value
of this resistor should be chosen for good thermal drift
performance. The optimum resistance would be equal to the
parallel value of the input and feedback resistances. Since in
this case there are two values of input resistances, a
compromise solution is necessary.

The circuit of Fig. 2.1 represents just one computing
element and analogue computers may have many such
elements. The prototype has ten computing amplifiers which
is an adequate number for the solution of fairly complex
problems.

8 >———AAA— o
[

RLB2 1 AL

—i

R1 InF

c2 >__W—1nn c2
sic ce )—j|—<

R2 b O 15V

a3 >—AN—e . 2 —( 83
™A 7

[ RLA2 s 1Ct —( 8

R3 2 % _( o

VR31

100kf I RS
{ S1b > 270k 10kn

T R4

cs

-15v

100kl v

TOICK &IC13
PINS 3

Fig. 2.1. Circuit diagram showing one of the ten com-
puting elements of the Analogue Computer
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O« o—x
Ot X1 ()ﬁ X1
°
o——qx10 O——dqx10 ﬁ
X10 X10,
o— o—

Fig. 2.2. Symbols used to denote adders and

integrators

Mode Control is achieved by means of relay contacts
RLA2 and RLB2. Relays are necessary because all ten
amplifiers need to be controlled simultaneously. Table 1
shows the positions of relay and other switches for mode
control of summers and integrators.

SUMMER INTEGRATOR
SWITCH | ComputE HOLD RESET COMPUTE HOLD RESET

RLA2 1 2 2 1 2 2
RLB2 1 1 2 1 1 2
Sta OPEN CLOSED

Sib OPEN CLOSED

Stc CLOSED OPEN

Sid 1 1 1 2 2 2

TABLE 1

Fig. 2.5 shows how the ten computing amplifiers are
arranged on a printed circuit board with the component
overlay shown in Fig. 2.7. At the extreme ends of the board
the two four-quadrant multiplier i.c.s are accommodated.
This main p.c.b. is connected to other points in the computer
by means of edge connectors.

The Four-Quadrant Multipliers -

So far it has been shown how to multiply a variable
voltage by a constant. This is easily done, using the
coefficient multiplier, in conjunction with the amplifier gain.
The formation of the product of two variables is much more
difficult to obtain. Of the many methods that have been
devised, most have involved the use of devices with certain
characteristics, e.g. a diode function generator can be set up
to provide a square law action, or a log-antilog action. Op-
amps are usually employed with these circuits.

For the sake of simplicity and compactness it was decided
to use two four-quadrant multiplier i.c.s in the prototype. As
their name implies these can multiply in four quadrants,

!
T

k]
2k0

2
NV

+15V

||

" 12 9

Icn
AD533JD 1

p—( PATCH PANEL
AL L AS

<

Fig. 2.3. Circuit diagram of the Four Quadrant
Multiplier
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which means that either or both voltages can be positive or
negative. This dispenses with the need to have an absolute
value circuit preceding the multiplier, as is the case with
other methods. °

The particular device chosen for the prototype was the
AD5B33JD integrated circuit {shown in Fig. 2.3). This is not
the cheapest four-quadrant multiplier on the market, but it
has the advantage of being simple to operate, with the
minimum of external components. The i.c. comprises a
transconductance multiplying element, a stable reference,
and an output operational amplifier on a single monolithic
silicon chip.
The AD533JD multiplies with a transfer function of )1%-
The division by 10 should not worry the programmer but it
should always be borne in mind when solving a problem. The
op-amp output provides + 10V at 5mA, and is fully protected
against short circuits to ground or either supply voltage. The
inputs are fully protected against overvoltage transients.

The Overioad Warning Circuit

The operation of the overload warning circuit is very
simple. The output of every computing amplifier is sampled
and compared with a positive and a negative reference
voltage. If the amplifier output goes higher than the positive
reference voltage, an l.e.d. is switched on, to indicate that
the amplifier is saturating in the positive sense. Similarly, if
the amplifier output falls below the negative reference
voltage another l.e.d. is switched on to indicate saturation in
the negative sense. The prototype uses +11V as the
reference voltages. An overload warning circuit is shown in
Fig. 2.4. Only one pair of comparators and l.e.d.s are shown
but ten pairs are necessary to serve the ten computing
amplifiers. This circuit is arranged on a separate p.c.b. shown
in Fig. 2.6 with the component overlay shown in Fig. 2.8.

+15v
Vin FROM IC1 (PIN 6)
TO PIN 2 ICIS
20 v
n 2
02
3 TiL 209
R10
LRLE) =B TOPIN 2 116
+15v !
7
2
8 a 220 %
IC14 §
VR10 B! VR12 D1 —L_
22k0 3 TiL 209 =

-15v
-15v

Fig. 2.4. Circuit diagram of the Overload Warning
system required for each computing element

Resistor R9 and potentiometers VR11 and VR12 are
connected across the positive and negative supply rails to
form a potential divider that generates the positive and
negative reference voltages of +11V and —11V. These
voltages are applied to the inverting inputs of the twenty
comparators as shown. The output of each computing
amplifier is applied to the non-inverting inputs of the
corresponding pair of comparators. The comparators drive
the warning l.e.d.s, the brightness of which is set by preset
potentiometers. The 741 op-amp was also used here as a
comparator. Experience with the prototype has shown that
the 741 is capable of dri<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>