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CIVI) POWER AMPLIFIER MODULES
* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY

SERVICE * LARGE S.A.E. 28r STAMP F RR NT LI

OMP PoW RA LIFI Me DULES Now enjoy a
world wide reputation for quality reliability and performance at a realistic price Four models
available to suit the needs of the professional and hobby market e. Industry. Leisure.

Instrumental 'and HiFi etc. When comparing prices. NOTE all models include Toroidal
Power supply, Integral heat sink, Glass fibre P C B and Drive circuits to power compatible
Vu meter Open and short circuit proof Supplied ready built and tested.

OMP100 Mk II Bi-Polar Output power,110
watts R M S into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz -3dB, T N.D. 0.01%,
S N R -118dB, Sens. for Max output
500mV at 1 OK, Size 355 X 115 X 65mm.
PRICE £33.99 - £3.00 P&P.

OMP MF100 Mos-Fet Output power 110
watts R.M.S. into 4 ohms. Frequency Res-
ponse 1Hz - 100KHz -3dB, Damping Factor
80. Slew Rate 45\V uS, T.H.D. Typical
0.002%. Input Sensitivity 500mV, S.N R.
-125dB Size 300 123 60mm PRICE
PRICE £39.99 - £3.00 P&P.
OMP/I91F200 Mos-Fet Output power 200
watts R M S into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz -3dB. Damping Factor

tr. 250. Slew Rate 50V. uS, T H D. Typical
0001°'o, Input Sensitivity 500mV, S.N.R.
-130dB, Size 300 150 100mm. PRICE
PRICE £62.99 - £3.50 P&P.

OMP/MF300 Mos-Fet Output power 300
watts R M S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz !--3dB, Damping Factor
350, Slew Rate 60V, uS, T.H.D. Typical
00008%. Input Sensitivity 500mV, S N R
-130dB, Size 330 147 102mm. PRICE
PRICE £79.99 - £4.50 P&P.

NOTE: Mos Fels are supplied as standard OOOKHz bandwidth& Input Senslivity 500mV, it required
P A version (50KHz bandwidth & Input Sensitivity 775mVi Order Standard or P A

Vu METER Compatible with our four amplifiers detailed above A
very accurate visual display employing 11 LP D diodes (7 green. 4
red) plus an additional on off indicator Sophisticated logic control
circuits for very fast rise and decay times Tough moulded plastic
case. with tinted acrylic front Size 84 27  45mm
PRICE £8.50 - 50p P&P.

LOUDSPEAKERS 5" to 15" up to 400 WATTS R.M.S.
Cabinet Fixing in stock. Huge selection of McKenzie
Loudspeakers available including Cabinet Plans. Large
S.A.E. (28p) for free details.
POWER RANGE
8" 50 WATT R.M.S. Hi -Fig Disco.
20 oz magnet 1'" ally voice colt Ground ally fixing escutcheon Res Freq 40Hz Freq Resp io
6K1-1, Sens 92dB PRICEI10 99Available with black grille 111 99 P&P I1 50 ea
12" 100 WATT R.M.S. Hi-Fi ,Disco
50 oz magnet 2" ally voice coil Ground ally fixing escutcheon Die cast chassis White cone Res
Freq
25Hz Freq Resp to 4KHz Sens 95dB PRICE En 60 £3 00 P&P ea

McKENZIE
12" 85 WATT R.M.S. C1285GP Lead gultar/keyboarcVDIsco
2" ally voice coil Ally centre dome Res Freq 45Hz Freq. Resp. to 6 5KHz Sens. 98dB PRICE £29.99
+ £3.00 P&P ea.
12" 85 WATT R.M.S. C1285TC P.A/DIsco 2" ally voice coll. Twin cone.
Res. Freq. 45Hz Freq. Resp. to 14KHz PRICE £31.49 n £3.00 P&P ea
15" 150 WATT R.M.S. C15 Bass Gultar/Dlsco.
3" ally voice coil Die-cast chassis Res. Freq. 40Hz Freq. Resp. to 4KHz PRICE £57.87  £4.00 P&P ea
10" 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A.
2" voice coil. Res. Freq. 75Hz Freq. Resp. to 7 5KHz Sens. 99dB. PRICE £19.99  £2.00 P&P
10" 200 WATT R.M.S. C10200GP Guitar, Keyboard, Disco.
2" voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB PRICE £44.76  £3.00 P&P
15" 200 WATT R.M.S. C15200 High Power Bass.
Res. Freq. 40Hz. Freq. Resp. to 5KHz. Sens. 1010B. PRICE £62.41  £4.00 P&P
15" 400 WATT R.M.S. C15400 High Power Bass.
Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB PRICE £89.52 +£4.00 P&P.

WEM
5" 70 WATT R.M.S. Multiple Array Disco etc.
1" voice coil Res. Freq. 52Hz Freq. 52Hz Freq. Resp. to 5KHz Sens. 89dB PRICE £22.00. £1.50 P&Pea
8" 150 WATT R.M.S. Multiple Array Disco etc.
1" voice coil. Res. Freq. 48Hz Freq. Resp to 5KHz Sens. 92dB PRICE £32.00 + £1.50 P&P ea.
10" 300 WATT R.M.S. Disco/Sound re -enforcement etc.
1" voice coil Res. Freq. 35Hz Freq. Resp. to 4KHz Sens. 92013 PRICE £36.00  £2.00 P&P ea.
12" 300 WATT R.M.S. DIsco/Sound re -enforcement etc.
171" voice coil Res. Freq. 35Hz Freq. Resp. to 4KHz Sens. 04dB PRICE £47.00  £3.00 P&P ea

SOUNDLAB (Full Range Twin Cone)
5" 60 WATT R.M.S.Hi-Fit Multiple Array Disco etc.
1" voice coil Res Freq 63Hz Frey Resp to 20KHz Sens 86d8 PRICE £9 99 £1 00 P&P ea
6'4" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
1" voice cod Res Frey 56Hz Frey Resp to 20KHz Sens 89d8 PRICE/10 99. £1.50 P&P ea
8" 60 WATT R.M.S. HiFi/Multiple Array Disco etc.
1.; voice coil Res Freq 38Hr Frey Resp to 20KHz Sens 89dB PRICE f12 99 f1 50 P&P ea

10" 60 WATT R.M.S. Hi-Fi, Disco etc.
1 voice coil Res Frey 35Hz Freq Resp to 1 5KFIr Sens 89dB PRICE f 16 49  £200 P&P

nA
HOBBY KITS. Proven designs including glass,
fibre printed circuit board and high quality'
components complete with instructions.

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone. Range 100/300 metres. 57 x 46 x 14mm (9 volt)
Price: £8.62 75p P&P.
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controlled
professional performance. Range up to 3 miles 35 x 84 x 12mm
(12 volt' Price: 114.49+ 75p P&P.
SINGLE CHANNEL RADIO CONTROLLED TRANSMTTTER/
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation.
Receiver output operates relay with 2amp/240 volt contacts. Ideal for
many applications. Receiver 90 x 70 x 22mm (9/12 volt). Price:
£17.82 Transmitter BO x 50 x 15mm (9/12 volt'. Price: f 11 .29
P&P + 75p each. S.A.E. for complete list.

Tilt

3 watt FM
Transmitter

POSTAL CHARGES PER ORDER 11.00 minimum. OFFICIAL
ORDERS WELCOME, SCHOOLS. COLLEGES, GOVERNMENTNSA BODIES. ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER
VISA/ACCESS/C.O.D. ACCEPTED

BURGLAR ALARM
Better to be *Alarmed' tnen terrified
Thandars famous Minder Burglar Alarm System.
Superior microwave principle. Supplied as three units.
complete with interconnection cable. FULLY
GUARANTEED.
Control Unit - Houses microwave radar unit, range
up to 15 metres adiustable by Sensitivity control.'
Three position, key operated facia switch - off - test
- armed 30 second exit and entry delay.
Indoor alarm - Electronic swept freq. siren
104dB output
Outdoor Alarm - Electronic swept treq. siren 98dB
output. Housed in a tamper -proof heavy duty metal
case
Both the control unit and outdoor alarm contain re-
cnargeable batteries which provide lull protection
during mains failure Power requirement 200/260 Volt
AC 50/60Hz Expandable with door sensors. panic
buttons etc Complete with instructions
SAVE 1'138.00 Usual Price £228 85
BKE's PRICE £89.99 "4" £4.00 P&P

W'rt bit, .1 ,i,sembl, boards'

IDEAL for Work-
shops, Factories,
Offices. Home.
etc. Supplied
ready built.

xfr
OMP LINNET LOUDSPEAKERS
The very best in quality and value. Made specially to suit todays
need for compactness with high sound output levels Finished in
hard wearing black vyniel with protective corners, grille and carry
handle All models 8 ohms Full range 45Hz - 20KHz Size 20"
15" - 12" Watts R M S per cabinet Sensitivity 1W 1 mtr dB

OMP 12-100 Watts 1110dB. Price f149.99
per pair.
OMP 12-200 Watts 102dB. Price E199.99
per pair. Delivery Securicor I8 00 per pa,

plg19" STEREO RACK AMPS"

Professional 19" cased Mos-Fet stereo
amps, Used the World over in clubs, pubs,
discos etc. With twin Vu meters, twin
toroidal power supplies. XLR connections.
MF600 Fan cooled. Three models (Ratings
R.M.S. into 4 ohms). Input Sensitivity 775mV.
M F200 (100 + 1001W. f169.00 Securicor
M F400 (200 + 2001W. £228.85 Delivery
MF600 (300 + 3001W. £322.00 £10.00

BSR P295 ELECTRONIC TURNTABLE
 F lectronic speed control 45 & 33' , rpm  Plus
%talus variable pitch control  Belt driven  Alin

um platter with strobed rim * Cue lever  Anti
si,ite (bias device)  Adjustable counter balance 
Manual arm  Standard cartrige fixings. 
Supplied complete with cut out template  D C
Operation 9-14v D.C. 65mA

Price £36.99 £3 00 P&P.

ADC 04 nag. cartridge for above Price 14.99 ea P&P bUp

PIEZO ELECTRIC TWEETERS MOTOROLA
Juin the Piero revolution The low dynamic mass ino voice coil) of i Pez tweeter'produces an
improved transient response with* a lower distortion level than ordinary dynamic tweeters As a
crossover is not required these units can be added to existing speaker systems of up to 100 watts
more if 2 put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER.

TYPE 'A' (KS N2036A) 3" roundwith protectivewire
mesh, ideal for bookshelf and medium sized Hi'fi
speakers Price £4.90 each 40p P&P.
TYPE 8 (KSN1005A) 3' super horn For general
purpose speakers, disco and P A systems etc. Price
f5.99each 40p P&P
TYPE 'C'. (KSN6016A) 2" 5" wide dispersion
horn For quality Hi-fi systems and quality discos etc
Price £6.99 each 40p P&P.
TYPE 'D' (KSN1025A) 2" 6" wide dispersion
horn Upper frequency response retained extending
down to mid range (2KHz) Suitable for high quality
Hi-fi systems and quality discos Price £9.99 each

40p P&P
TYPE 'E' (KSN1038A) P.," horn. tweeter with
attractive silver finish trim Suitable for Hi-fi monitor
systems etc Price £5.99 each  40p P&P.
LEVEL CONTROL Combines on a recessed mount-
ing plate, level control and cabinet input lack socket
85 85 mm Price 13.99 40p P&P

1 K -WATT
SLIDE DIMMER

Control loads up
to 1Kw
* Compact Size

* Easy snap in fix
ing through panel
cabinet Cut out

Insulated plastic
case
* Full wave con
trol using 8 amp
triac
* Conforms to

89800
 Suitable for both resist-
ance and inductive loads In.
numerable applications in
industry, the home, and
disco's, theatres etc
PRICE £13.99 75p P&P

TYPE B

--)4kr-

I YPE C

TYPE 0

TYPE E

STEREO DISCO MIXER
STEREO DISCO MIXER with 2 5 band L &
R graphic equalisers and twin 10 segment
L E D Vu Meters Many outstanding features
5 Inputs with individual faders providing a
useful combination of the following -
3 Turntables (Magi. 3 Mics, 4 Line .plus Mic
with talk over switch Headphone Monitor
Pan Pot L & R Master Output controls Out-
put 775mV Size 360 x 280 \ 90mm

Price /134.99 - £3 00 P&P

DEPT
ETI

UNIT 5, COMET WAY, SOUTHEND-ON-SEA,
ESSEX. SS2 6TR TEL: 0702-527572

B. K. ELECTRONICS
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ELECTRONIC GUARD DOG KIT

50pda1b15eT6A.,*9L1fko24

UEfor*refCA
with first order

ORDERS:RINGSAEun(AUTurtiN 1987)0G

One of the best deterrents to a burglar is a guard
dog and this new kit provides the barking without
the bite! The kit when assembled can be connect-
ed to a doorbell, pressure mat or any other
intruder detector and will produce a random series
of threatening barks making the would be intruder
think again and try his luck elsewhere. The kit is
supplied complete with high quality PCB, trans-
former, all components and instructions. All you
need is a mews supply, intruder detector and a
little time. The kit even includes a horn speaker
which is essential to produce the loud sound
required. The -dog" can be adjusted to produce
barks ranging from a Terrier to en Alsatian and
contains circuitry to produce a random series of
barks giving a more realistic effect.
XK125 Complete kit of parts £21.95

DISCO LIGHTING KITS
O 11000K - This value -for -money 4 -way chaser
features bi-directional sequence and dimming.
lkW per channel £17.150
DLZ1000K -A lower cost uni-directional version
of the above. Zero switching to reduce
interference £9.85
DLA/1 (for DI. & DLZ 1000K) Optional opto input
allowing audio 'beat /light response 70p
DL3000K -3 -channel sound to light kit features
zero voltage switching, automatic level control
and built-in microphone. 1 kW per channelE14.25

The 018000K is an 8 -way sequencer kit with buih
in opto-isolated sound to light input which comes
complete with a pre-programmed EPROM con-
taining EIGHTY - YES 801 different sequences
including standard flashing and chase routines.
The KIT includes full instructions and all compon-
ents (even the PCB mnnectors) and requires only
a box and a control knob to complete. Other
features include manual sequence speed adjust-
ment, zero voltage switching. LED mimic lamps
and sound to light LED and a 300 W output per
channel.

And the best thing about rt is the price.

ONLY £28.50

TEN EXCITING PROJECTS
FOR BEGINNERS

Ns Kit has been specially designed for the bagimor
and contains a SOLDERLESS BREADBOARD, COM-
PONENTS, and a BOOKLET with instructions to
enable the absolute novice to build TEN fascinating
projects including a light operated switch, intercom,
burglar alarm, and electronic lock. Each project
includes a circuit diagram, description of operation
and an easy to follow layout diagram. A section on
component identification and function is included,
melding the beginner to build the Make with
confidence.

ORDER NO X1(118 £13.75

VERSATILE REMOTE
CONTROL KIT

This kit includes
all components

transformer)
to make a sensi-
tive IR receiver
with 16 logic
outputs (0-15V) which with suitable interface
circuitry (relays, Macs, etc - details supplied)
can be used to switch up to 16 items of
equipment on or off remotely. The outputs
may be latched (to the last received code) or
momentary (on during transmission) by spe-
cifying the decoder IC and a 15V stabilised
supply is available to power external circuits.
Supply: 240V AC or 15-24V DC at 10mA.
Size (excluding transformer) 9 x 4 x 2 cma.
The companion transmitter is the MK18
which operates from a 9V PP3 battery and
gives a range of up to 80ft. Two keyboards
are available-MK9 (4 -way) and MK10 (16 -
way), depending on the number of outputs to
be used.
MK12 IR Receiver (incl. transformer)

£14.85
MK18 Transmitter £7.50
MK9 4 -Way Keyboard £2.00
MK10 16-Wey Keyboard £5.96
601 133 Box for Transmitter £2.60

HOME LIGHTING KITS
These kits contain all necessary compon-
ents and full instructions and are de
signed to replace a standard wall switch
and control up to 300W of lighting.
TDR300K Remote Control Dimmer £16.45
MK6 Transmitter for above £4.91
TO300K Touchdimmer £8.50
18300K Touchswrtch £8.50
TDE/K Extension kit forr0v7

switching for T
1.0 300K Light Dimmer

£2.70
£4.35

04 POWER STROBE KIT

MICROPROCESSOR TIMER KIT

Designed to con-
trol 4 outputs
independently
switching on and
off at present
times over a 7 -day
cycle. LED display
of time and day. easily programme via
way keyboard . Ideal for central heating
control including different switing time for
weekends. Battery back-up circuit.
Includes box. 18 time settings.
CT6000K £4290
XK114 Relay kit for C76000. includes PCB.
connectors and one relay. Will accept up
to 4 relays. 3A/240V c/o contacts .. £4.30
701 115 Additional relays £1.80

00090
00000
00 00 GO
e8000

Designed to produce a
high intensity light pulse
at a variable frequency of
1 to 15Hz this kit also
includes circuitry to Mg-

r ger the light from an ex-
ternal voltage source (eg. a loudspeaker) via
an opto isolator. Instructions are also sup-
plied on modifying the unit for manual
triggering, as a slave flash in photographic
applications or as a warning beacon in
security applications. The kit includes a high
quality pcb, components, connectors, 5Ws
strobe tube and full assembly instructions.
Supply: 240V ac. Size, 80 x 50 x 45.
XK124 STROBOSCOPE KIT £12.60

DVM/ULTRA SENSITIVE
THERMOMETER KIT

Based on the ICL
7126 and a 3"/digit
liquid crystal dis-
play, this kit will
form the basis of a
digital multimeter
(only a few additional resistors and switches
required - details supplied) or a sensitive
digital thermometer (-50°C to +150°C)
reading 0.1°. The kit has a sensitivity of
200mV for a full-scale reading automatic
polarity and overload indication. Typical
battery life of 2 years (PP3) £17.00

XK 1 13 MW RADIO KIT
Based on ZN414 IC, kit includes
PCB, wound aerial and crystal
earpiece and all components to
make a sensitive miniature radio.
Size: 5.5 x 2.7 x 2cms.
Requires PP3 9V battery.
IDEAL FOR BEGINNERS £6.00

BARGAIN COMPONENT PACKS
Refill those empty component drawers at a
fraction of the normal price and don't be caught
without that odd resistor or capacitor to
complete your project. All components sup-
plied are to full spec. and are not seconds or
surplus stock.
Pack A: 650 x .25 watt resistor 47R -10M £4.25
Pack B: 60 x Radial electrolytics 1uf -

1000uf £3 25

Pack C: 30 x Polyester capacitors a or
0.01 of - 1uf £4,50

Pack D: 35 x horizontal presets 1k -1M £3.00
Pack E: 30 x IC sockets 8, 14, 16 pin £2.00

Pack F: 25 x Red 5mm LEDS £1.75

Pack 0: 25 x Green 5mm LEDs £2.00

Pack H: 30 x 5mm LEDs 10 Red,
10 Green, 10 Yellow £2.50

Pack J: 50 x 1n 4148 silicon diodes £1.00

Pack K: 40 x npn/pnp transistors BC/182/212
General Purpose £2.25

FREE Solderless Breadboard (verobloc type).
When you buy all ten packs.
Prices exclude VAT (15%).

I tHltS * TOOLS * FOOLS

Good quality tools selected to offer outstanding
value for money.

650 004 8in mini. Snipe Now Pliers. Serrated
jaws and return spring. £2.10
650 005 ein lap jointed side cutters. Insulated
handles and return spring. £2.10
660 006 Light duty cutters. Cutting capacity
0.22-1.2mm copper wire. f1.60
TOOL KIT - Contains: side cutters, snipe nose
pliers, wire strippers, flat blade screwdriver, pi*
lips screwdriver in black textured, reinforced and
padded ease which when opened out measures
240x205mm £6.60

660 007 Self -adjustable automatic wire stripper
with built-in cable cutter. [3.96
660 012 Watchmakers Screwdriver Set.
1.0/ 1.4/2.0/2.4/3.0/3.8mm [1.75
650 019 Set of 4 Stainless Steel Tweezers.
Straight nosed, straight noosed -reverse action,
bent nosed. flat nosed. 110rnm long. £3.66
650 602 Reliant 9-12V de Drill. £6.90
660 600 Titan 12V dc Diet £10.26
660 670 Saturn Mains Dria. £16.60
WE ALSO STOCK ANTEX IRONS AND

ACCESSORIES

SECURITY PRODUCTS
Install your own burglar alarm and save
pounds. All parts available separately.

950 120 Stair Pressure Mat 1.70
950 125 Floor Mat 29x16 ins. 2.60
950 130 External bell box - an ideal

deterrent on its own! 10.00
950 130 Xenon Beacon (12v) 10.50
950 140 Flush door/window contacts 1.22
950 143 Surface mounting contacts 1.05
960 160 Alarm Control Unit
950 162 Alarm Control Unit

This unit incorporates all the features
required to form the basis of a complete
security system for the home or business.
Operating off a 240v AC supply with facility
to charge a 12v lead acid standby battery.
The unit is housed in a white steel box
225x225x8Omm. Full instructions supplied
to connect normally open and closed
sensors, bells, personal alarms etc.
Separate entry and exit alarm delays. 2
zone operation complies with BS
4737 price £39.95
950170 DOOR PHONE
An attractively styled 2 station mains
powered handset type door phone.
Allowing conversation with visitors without
opening the door. Free standing or wall
mounted, connections to a 9 volt battery for
standby. Electric doorlock release button
which maybe used with our 701150 lock
release mechanism. Ivory and Fawn body
210x 100x7Omm. £27.95

) )

ity

NOT JUST A MULTIMETER
A professional
quality 3i/ digit
multimeter with 34
ranges. As well as
the usual current,
voltage & resist-
ance this meter
features transistor
and diode test,
continuity AND
CAPACITANCE
and TEMPERATURE ranges. Basic accuracy is
0.25%. Size: 170x87x42mm. Includes test leads,
thermcouple and full instruction & recalibration
manual.
AC Volts 200m-2-20-200-750
DC Volts 200m-2-20-200-1 K V
AC Current 200u -2m -20m -200m -2A -10A
DC Current:200u-2m-20m-200m-2A-10A
Resistance :200 -2K -20K -200K -2M -20M
Capacitance -2003p-2uF-20uF
Temperature '-10° to 1370°C -

Conductance 200nS
hFE -0-1000 (NPN & PNP)
Continuity Buzzer less than 200 ohms
(405208) £55.00

IDGIC PROBE

A MUST for working with TTI. & CMOS devices.
Displays logic levies arid pulses down to 25n5
with LEDs and sound. Comprehensive instruction
booklet supplied.
Working voltage 4-18V dc
Input Impedance 1M
Mao. i/p frequency 20MHz

RECHARGEABLE SOLDERING IRON

Powerful cordless iron complete with
table-top/wall-mounting charging
bracket. Reaches soldering temperature
in 10 seconds. Includes lamp which
lights when soldering. Comes with
mains charging unit and 12V car battery
adaptor. Special Offer f 15.95

ELECTRONIC WEIGHING
SCALES

This kit contains a Single
Chip Microprocessor, PCB,
displays and all electronics
to produce a digital readout
of weight in Kgs. or Sts. and
Lbs. In normal use a toothed
wheel (pattern provided) is
made to rotate when a
weight is placed onto the scales,
interrupting two infa-red beams. The pro-
cessor counts the number of teeth passing
the sensor (up or down, depending on
which beam is broken first) and shows the
reading on the LED display in Sts. & Lbs.,
Lbs. or Kgms. A PCB link selects the scale
for bathroom or two types of Kitchen
Scales. A linear version of the toothed
wheel could also be used. Other uses
include up/down counters. A low cost
digital ruler could be made by using a wheel
with the correct tooth to diameter ratio.
ES1 £5.50

O

PROPORTIONAL TEMPERATURE

CONTROLLER KIT
Uses "burst fire" tech-
nique to maintain tem-
perature to within
0.5t. Ideal for photog-
raphy, incubators,
wine -making, etc. Max.

load 3kw (240V sc) Temp. range up to WC. Size:
7x4x2.5cms.
MK4 £7.10

THELECTRONICSBSTON
RD

SEND 9-x8" S.A.E.&

13 O 00RPCTLRL Al
CATALOGUE

,...LONDON W7 3 MON-FRI 9-5pm
Tel: 01-587 8910 SATURDAY 10-4pm

ORDERING INFORMATION:

CIE ALL PRICES EXCLUDE VAT
FREE P&P on orders over £20 (UK only), otherwise add
75, + VAT. Overseas P&P: Europe £2.75. Elsewhere

£6.50. Send cheque/PO/Barclaycard/Access No.
with order. Giro No. 529314002.

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY
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NEWS ... NEWS ... NEWS ... NEWS ... NEWS ... NEWS

British Telecom is about to
embark on the enormous task of
digitally mapping the entire UK
telephone network - cables,
ducts and all.

At present BT basements are
overflowing with 450,000 paper
maps and diagrams.

After six years these will all be
binned and the £19m digital map
should be complete, enabling BT
to get things wrong even more
quickly than they do now!

In the first phase of the oper-
ation the principal towns will be
mapped using BT's existing
processor capacity, supplemen-
ted by four VAX computers from
Intergraph. The Ordnance
Survey will be collaborating
with BT since it already has much
of the necessary information in
digital form.

The shareholders will be
pleased.

0 The semiconductor suppliers
Top Ten of 1987 shows the
Japanese companies continuing
to gain ground, claiming 48% of
the world market last year.

1987 1986 Company increase

1 1 NEC 21.0
2 3 Toshiba 29.1
3 2 Hitachi 20.5
4 4 Motorola 21.0
5 5 Texas Inst. 19.3
6 6 Fujitsu 39.1
7 8 Philips/ 26.9

Signetics
8 11 Intel 51.4
9 10 Mitsubishi 30.4

10 9 Matsushita 22.6

Figures are taken from Data -
quest's 1987 World Survey

0, A selection of seven slimline
logic probes are now on the
market from OK Industries.

The cheapest is the PRB-20
which has LEDs to indicate Hi, Lo
and Pulse, capable of 25ns pulse
detection with a 20MHz
bandwidth. Threshold levels are
switchable between TTL and
CMOS.

The top model is the PRB-100A
with 5ns pulse detection -
100MHz bandwidth.
Prices before VAT range from
£21.08 to £39.40.

Full detalis from OK Indus-
tries, Barton Farm Ind. Estate,
Chickenhall Lane, Eastleigh SO5
5RR. Tel: (0703) 619841.

41 The Smart Talker Speech
Synthesiser (ETI January 1988)
can now be obtained as a fully
assembled board (including
power supply components) for
£55 inclusive.

The PCB is still available at
£8.00 and the complete parts kit
(excluding case) for £40.00.

Orders to: Russell Vowles, 3
Orchard Waye, Uxbridge, Mid-
dlesex UB8 2BN. Please add 75p
postage.

A Juicy Bit Of Software
pineapple Software has pro-

duced an update for its
popular PCB drafting program
for BBC micro (reviewed in ETI
March 1987).

The update gives the program
full auto track routing with up to
190 connections specified by the
user then linked by the program.
If the result is not quite what
you'd hoped forcomponents can
be shifted about without

redefining all your connection
points, and to help the program
in the right direction you can
Indicate a preferred track
direction or even draw a few
tracks yourself before the
program does the rest.

The update is available to PCB
owners for £55 from Pineapple
Software, 39 Brownlea Gardens,
Seven Kings, Ilford, Essex IG3
9NL. Tel: 01-599 1476.

DAT's The Way It Should Be
At last DAT players are 'of-

ficially' on sale in Britain
about a year after they first
appeared in Japan.

The Sony D TC1000ES is retail-
ing at f1130+VAT and includes
the controversial built-in
copyguard that stops it
recording at the 44.1 kHz sampl-
ing rate of compact disc.

Since you can't record CD and
commercial recordings aren't
exactly widely available yet, the
only use for this machine will be
in the audio industry - and even
then only among the less
affluent.

Richer studios will be more in-

terested in the PCM2500 which
can switch sampling rates (in-
cluding 44.1 kHz) and can match
various formats (AES/ EBU,
SDIF-2 and Sony/Philips). It
cannot however convert signals
from one format to another.

Ironically, considering Sony's
own stand on copy prohibiting,
the PCM2500 can add a copy
prohibit code while recording.

HHB is supplying both
machines to the UK and should
soon have stocks of the even
more expensive PCM2000.

For full details contact: HHB,
73-75 Scrubs Lane, London
NW10 6QU. Tel: 01-960 1160.

YOUNG ELECTRONIC
DESIGNER AWARDS

*The 1988 Young Electronic
Designer Awards are up for
grabs if you can come up with a
commercially viable device with
an everyday application.

Last year's winners included a
saucepan for the blind, a digital
pressure gauge, a speech syn-
thesiser and an animal stress
meter (?).

There are three age groups (up
to 15,16-18 and 19-25) and appli-
cants must be in attendance at a

school, college or university in
Great Britain.

Apart from the cash on offer,
Texas Instruments are offering
course sponsorship and a job to
the winner of the 19-25 group.
(Even more exciting is the pos-
sibility of getting on Tomorrow's
World.)

Entry forms from: The YEDA
Trust, 24 London Road, Hor-
sham, West Sussex RH12 1AY.
Tel: (0403) 211048.

Stereo TV broadcasts have
not been shelved indefinitely as
recent press reports have been
claiming.

Although the BBC Nicam
broadcasts will not be off the
ground for at least three or four
years, the IBA will be introducing
a service for London in 1989.

Other IBA transmitters will be
updated to broadcast stereo as
they become due for routine
maintenance, which would put
Yorkshire next on the list.

The majority of programmes
going out in stereo will be pre-
recorded films and music shows
because of the lack of facilities
for producing stereo in the TV
studios.

The IBA are also considering
multilingual broadcasting, using
the two channels as completely
separate soundtracks (dual
channel sound).

Meanwhile BBC tests continue
and some live programmes are
already going out in London in
Nicam stereo (Wogan for
example) since none of the post -
recording problems of stereo
sound are encountered.

As for the general belief that
the BBC originally scheduled
Nicam for introduction in early
1988, the BBC says that this is
complete rumour probably
started by manufacturers such
as Ferguson when they intro-
duced stereo TVs and VCRs.

Meanwhile you may have
noticed some peculiar transmis-
sions going out on BBC2 in the
early morning closedown
period.

These flickering distorted
images of volcanos and sky-
divers are part of a BBC scramb-
ling experiment with two appli-
cations in mind.

The first is the possibility of
leasing unused air time to
business and medical users to
transmit high quality video
pictures nationwide on a similar
basis to BBC Enterprises' Data -
cast service on Ceefax.

The second more disturbing
application stems from the
Peacock Report's recommenda-
tions for Pay -As -You -View tele-
vision where a scrambling
system would be put on BBC
broadcasts. The licence -fee
would be abolished and con-
sumers pay only for the
programmes they watch (it is still
unclear if ITV programmes could
be watched free under such a
system).

Although the BBC opposes
this concept as removing any
incentive to produce minority
programmes, the Government
may pass legislation that would
give them no choice.
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COMPUTER WAREHOUSE
THE

1000's OF
BARGAINS
FOR cALLER

ALLADINS CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT
NOT LINI DA TA un

**DISTEL°P
The ORIGINAL FREE OF CHARGE dial uro data
base, Buy, browse or place YOUR OWN AD for
goods or services to sell. 1000's of stock items,

spares and one off bargains. Updated daily.
ON LINE NOW. CCITT, 8 bit word, no parity.

For 300 baud modems call 01-679 1888
For 1200-75 baud modems call 01-679 6183

FREEYoonulyr im2o9n9itsoritfrboemcoittimce0sMapsuutepriElRFoor

HIGH QUALITY  COLOUR  TV SET
The fabulous TELEBOX, an INVALUABLE MUST for the owner of
ANY video monitor with a composite Input colour or monochrome
Made by a major UK Co as a TOP QUALITY, stand alone UHF
tuner and costing OVER £75 to manufacture, this opportunity to
give your monitor a DUAL FUNCTION Mutt not be missed! The
TiLEBOX consists of a comact stylish two tone charcoal
moulded cast containing ALL electronics tuner, power supply etc
to simply plug In and convert p)ur previousikdedicated computer
monitor Into a HIGH QUALITY COLOURTi BIT, giving a real
benefit to ALL the family!! Don't worry If your monitor doesn't have
sound- THE TELEBOX even has an Integral4 watt audio amplifier
for d riving an external speaker, PLUS an auxiliary output for superb
quality television sound via your headphones or HI Fl system etc
Other features Include Compact dimensions of only 15.75" w x
7.5" d x 3.5" h latest technology, BRITISH manufacture, fully
tuneable7 channel push button tuner, Auto AGC circuit SAW filter,
LED status indicator fully isolated 240v AC power supply for total
safety, Mains ON -OFF switch etc Many other uses

LIMITED QUANTITY- DON'T MISS THIS OFFER!!!

ONLY £29.95 OR £24.94 if purchased with ANY of our
video mon ItOrS. Supplied BRAND NEW with full Instructions and 2 YEAR
warranty. Posit and packing £3.50 'When used with colour crt

COLOUR 6 MONOCHROME
MONITO SPECIALS

'SYSTEM ALPHA' 14" COLOUR MULTI INPUT MONITOR
Made by the famous REDIFFUSION Co. for their own professional computer
system this monitor has all the features to suit your Immediate and future
requirements Two video inputs ROB and PAL Composite Video allow direct
connection to BBC/IBM and moat other makes of micro computers or VCR's
Including our very own TELEBOX An internal speaker and audio amp may be
connected to computer or VCR for superior sound quality. Many other features
PIL tube, Matching BBC case colour, Major controls on front panel, Separate
Contrast and Brightness - even In ROB mode Separate Colour and audio
controls for Composite Video input BNC plug for composite input 15 way 'CY
plug for ROB input modular construction etcetc

This Must Be ONE OF THE YEAR'S BEST BUYS. PC USER
Supplied BRAND NEW and BOXED. complete with DATA and 90 day
guarantee ONLY £159.00 as above OR IBM PC Version £165.00
15 Day 'D skt £1.00, BNC skt 75p BBC interface cable £5.50
DECCA 8016" COLOUR monitor. RGB Input.
Little or hardly used manufacturers surplus enables us to offer this special
converted DECCA ROB Colour Video TV Monitor at a super low price of only
£99.00, a price for a colour monitor as yet unheard o!! Our own interface
safety modification and special 16" high definition PIL tuba coupled with the
DECCA 80 series TV chassis give 80 column definition and quality found only
on monitors costing 3 TIMES OUR PRICE. The quality for the price has to be
seen to be believed! Supplied complete and ready to plug direct to a BBC
MICRO computer or any other system with a TTL ROB output Other features
are: internal speaker, modular construction, auto degaussing circuit, attractive
TEAK CASE, compact dimensions only 52cm W x 34 H x 24 D, 90 day
guarantee Although used, units are supplied in EXCELLENT condition.
ONLY £99.00 + Carriage.
DECCA 80, 18' COLOUR monitor. Composite video Input Same as above
model but fitted with Composite Video input and audio amp for COMPUTER,
VCR or AUDIO VISUAL use ONLY £99.00 + Carr.
REDIFFUSION MARK 3, 20' COLOUR monitor. Fitted with standard 75 ohm
composite video input and sound amp This large screen colour display is ideal
for SCHOOLS SHOPDS, DISCOS CLUBS and other AUDIO VISUAL appli-
cations Supplied in AS NEW or little used condition ONLY £1 45.00 + Carr.

BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors.
All units are fully cased and set for 240v standard working with composite video
inputs Units are pre tested and set up for up to 80 column use. Even when
MINOR screen burns exist - normal data displays are unaffected 30 day
guarantee
12" KGM 3201 B/W bandwidth input will display up to 132 x 25 lines £32.95
12" GREEN SCREEN version of KGM 320-1. Only £39.95
9" KGM 324 GREEN SCREEN fully cased very compact unit Only E49.00

Carriage and insurance on all monitors £10.00

IT# ;111'47 tirlial4ffilfiErgi
GOULD OF443 enclosed, compact switch mode supply with DC regulated
outputs of +5v @ 5.5a, +12v @ 0.5a, -12v @ 0.1a and -23v @ 0.02a Dim 18 x
11 x 6 cm. 110 or 240v input. BRAND NEW only £16.95
GOULD G6 -40A 5v 40 amp switch mode supply NEW £130.00
AC -DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a
rugged ALLOY chassis to continuously supply fully regulated DC outputs of +5v
@ 3 amps. -5v @ 0.6 amps and +24v @ 5 amps Short circuit and overvoltage
protected. 100 or 240v AC input. Dim 28 x 12.5 x 7 cm NEW £49.94

Carriage on all PSU's £3.00

1:4 Manufacturers BRAND NEW surplus
DEC LA34 Uncoded keyboard with 67 quality gold plated switches on X -Y
matrix- ideal micro conversions etc £24.95
AMKEY MPNK-1I 4 Superb word processor chassis keyboard on single PCB
with 116 keys Many features such as On board Micro, Single 5v rail full ASCII

coded character set with 31 function keys, numeric keypad, cursor pad
and 9600 baud SERIAL TTL ASCII OUTPUT" Less than half price

Only £89.00 with data Carriage on Keyboards £3.50

see
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DON'T MISS THE CPM Deal
OF the ENT RY

The FABULOU CPM TATUNG PC2000
Professional Business System

A cancelled export order and months of negotiation enables us to offer this professional
PC, CPM system, recently on sale at OVER £1400, at a SCOOP price just over the coat of
the two internal disk drives" Or less than the price of a dumb terminal!!
Not a toy, the BIG BROTHER of the EINSTIEN computer, the DUAL PROCESSOR
PC2000 comprises a modern stylish three piece system with ALL the necessities for the
SMALL BUSINESS, INDUSTRIAL, EDUCATIONAL or HOBBYIST USER. Used with
the THOUSANDS of proven, tested and available CPM software packages such as
WORDSTAR, FAST, DBASE2 etc, the PC2000 specification, at our prices, CANNOT
BE BEATEN!!
The central processor plinth contains the 64K, ZBO A processor, DUAL TEAC 55F 51/4"

Double sided 40/80 track disk drives (1Mb per drive), PSU, 4K of memory mapped screen RAM, disk controller, RS232,
CENTRONICS and system expansion Portland if that's not enough a ready to plug into STANDARDS" DRIVE port for up to FOUR
11" disk.drivea either In double density or IBM format The ultra slim 92 key, detachable keyboard features 32 user definable ken
numeric keypad and text editing keys, even its own integral microprocessor which allows the main ZSOA to devote ALL its time to
USER programa eliminating "lost character' problems found on other machines The attractive, detachable 12" monitor combines
a green anti -glare etched screen with full swivel and tilt movement for maximum user comfort Supplied BRAND NEW with CPM
2.2, user manuals and full 90 day guarantee Full data sheet and info on request

PC2000 System
with CPM Etc.

PC2000 Business System with CPM
and 'Ready to Run' FAST Sales and

OST OVER £1400 Purchase ledger, supports up to
9000 Accounts, VAT etc.

COST OVER £1700NOW only £399 NOW only £499
Carriage 8 Insuranc

SURPLUS SPECIALS ON
PRESTEL - VIEWDATA - TELEX
PLESSEY VUTEL, ultra compact unit, slightly larger
than a telephone features A STANDARD DTMF
TELEPHONE (tone dial) with 5' CRT monitor and
integral modem etc. for direct connection to PRESTEL
VIEWDATA etc. Designed to sell to the EXECUTIVE at
over £600!! Our price BRAND NEW AND BOXED at
only £99.00
DECCAFAX VP1 complete Professional PRESTEL
system in slimilne desk top unit Containing Modem.
Numeric keypad, CPU, PSU etc. Connects direct to
standard RGB colour monitor. Many other features
include: Printer output, Full keyboard input, Cassette
port etc. BRAND NEW with DATA. A FRACTION OF
COST only £55.00
ALPHATANTEL. Very compact unit with integral FULL
ALPHA NUMERIC keyboard. Just add a domestic TV
receiver and you have a superb PRESTEL system and
via PRESTEL the cheapest TELEX service to be
found!! Many features: CENTRONICS Printer output,
Memory dialling etc. Supplied complete with data and
DIY mod for ROB or Composite video outputs. AS
NEW only £128.00

Post and packing on all PRESTEL units £8.50

EX -STOCK INTEGRATED CIRCUITS
4164 200 ns D RAMS 9 for £11 4116 ns
£1 50 2112 £1000 2114 £2.50 2102 £2.00
8116 £2.50 EPROMS 2716 £4.50 2732 £3.00
2764 £4.95 27128 £5.50 6800 £2.50 8821 £1
88A09 £8 88809 £10 8085A C5.50 8086 £15
8088 £8 N ECM £8 WD2793 £28 8202A
£22 8251 £7 8748 £15 Z80A DART £6.50
280A CPU £2.00. Thousands of IC's EX STOCK
send SAE for list.

DISK DRIVES
Japanese 5'. half height 80 track double sided dish
drives by TEAC, CANON, TOSHIBA etc
Sold as NEW with 90 day guarantee ONLY £85.00
TEC F&503 Double sided HH 40 TRK NEW £75.00
SUGART SA400 SS FH 35 TRK £86.00
SIEMENS FDDI 00 SS FH 40 TRKE65.00
carriage on 51/4" drives £5.50
Brand NEW metal 5'A" DISK CASES with internal PSU.
DSKC1 for 2 HH or 1 FH drive £29.98 +pp £4.00
DSKC 2 for 1 HH drive 222.915 +pp £3.50
DKSC 3 As DSK1 LESS PSU £12.95 +pp £2.50
DSKC 4 As DSK2 LESS PSU £10.95 +pp £2.00
Et IBM format TESTED EX EQUIPMENT.
SHUGART 800/801 SS £175.00 +pp £8.50
SHUGART 851 DS £250.00 +pp £8.50
TWIN SHUGART851's2 Mb total capacity in smart case,
complete with PSU etc £595.00
MITSUBISHI M2894-638 DS 1 Mb equiv. to SHUGART
SA850R. BRAND NEW at £275.00 -,-pp £8.50
MAN 8' Alignment disk £29.00 + pp £1 00
Various disk drive Pats Ex Stock SEE PSU section.
HARD DISK DRIVES
DRE/DIABLO Series 30 2.5 Mb front load £525.00
Exchangeable version £295.00. ME3029 PSU £95.00
DIABLO 44/DRE4000A, B 5+5 Mb fromE750.00
CDC HAWK 5+5 Mb £795.00. CDC 9762 80 Mb RM03
etc £2500.00.
PERTEC 03422 5+5 Mb £495.00
RODIME 51/4" Winchesters ex -stock from £150 CALL
Clearance Items- Sold as seen- No guarantee
ICL 2314 BRAND NEW 14" Mb Removable pack hart
disk drive cost over £2000 with data ONLY £99.00
BASF 8172 8" 23Mb Winchesters £199.00
Unless stated all drives are refurbished with 90 day
guarantee Many other drives and spares in stock - cal

sales office for details.

PC2000 Wordprocessor System
with CPM and TEC F P25 daisywheel

printer

NOW only E799

MODEMS
Join the communications revolution with our super
range of DATA MODEMS, prices and specifications
to suit all applications and budgets...,
BRAND NEW State of the art products
DACOM DSL2123 Multi standard 300-300, 1200.75
Auto answer etc £268.00
DACOM D9L2123A0 Auto dial, smart modem with
multi standard AUTO SPEED detect and data buffer
with flow control etc £365.00
DACOM DBL21230T The CREAM of the intelligent
modems auto dial, auto call, index, buffer
etc etc. £498.00
Steebeck 1191212 V22 1200 baud FULL DUPLEX
sync or &sync optional auto dial £465.00
TRANSDATA 307A Acoustic coupler 300 baud full
duplex. originate only, RS232 Interface £49.00

Ex BRITISH TELECOM full spec CCITT, ruggedised
bargain offers Sold TESTED with data Wilt work on
any MICRO or system with RS232 Interface
MODEM 13A 300 baud unit only 2" high fits under
phone CALL mode only 145,00.
MODEM 20.1. 75-1200 baud Compact unit for use
as subscriber end to PRESTEL, TELECOM GOLD,
MICRONET etc. £39.95 +pp £6.50
MODEM 20-2 1200.75 baud Same as 20.1 but for
computer end £85.00 +pp C6.50
DATEL 2412. Made by SE Labs for BT this two part
unit is for synchronous data links at 1200 or 2400
baud using 2780/3780 protocol etc, Many features
include 2 or 4 wire working self test auto answer etc.
COST OVER £800. Our price ONLY £199 +pp £8.00
DATEL 4800, RACAL MPS4800 baud modem, EX
BT good working order, ONLY £295.00 +pp £8.00

.f1PECIAL OFFER
MODEM TO2393. Ex BT, up to 1200 baud, full
duplex 4 wire or half duplex over 2 wire line. ONLY
£88.00 PER PAIR +pp £10.00

Formoreinformationcontact our Sales Office.

ECIAL BULK PURCHASE of these compact. high
speed matrix printers. Built in Japan for the Hazeltine
Corporation this unit features quality construction
giving 100cps bidirectional, full pin addressable
graphics, 6 type fonts, up to 9.5 single sheet or
tractor paper handling, RS232 and CENTRONICS
parallel interface Many other features. BRAND NEW
and BOXED. COST £420. Our price Only£199.00

Dry Fit MAINTENANCE FREE by Sonnenachein
& Yuasa
A300 07191315 12v 3Ah NEW £13.95
A300 07191 31 2 6v 3Ah NEW £9.95
A300 07191 202 6.0-6v 1.8Ah TESTED Ex

Equip £5.99

VDU T'E MINALS
Standard VDU data entry terminals

at give away prices!!
OUME OVT108. Current product, state of the art
terminal with detachable keyboard, 12" Green screen,
2 page RAM, TVI 925, Hazeltine, ADMSA emulations,
software setup, 25 x 80, Clock, Swivel and tilt base.
Printer port, Function keys etc. BRAND NEW and
BOXED AT ALMOST HALF PRICE Only £425.00
AJ510 - EX RENTAL, 280 controlled, 15" green
screen 24 x 80 display, graphics, cursor addressing,
printer port etc. Very good condition TESTED complete
with manual only £225.00
ADDS 520 - Dumb terminal, used, 12' b/w screen
RS232 interface and printer port TESTED.
ONLY £125.00. Carriage on terminals £10 00
100's of other terminals in stock, CALL for more details.

All prices quoted are for U.K. Mainland, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00.
Minimum Credit Card orderE/ 0.00. Minimum BONA FIDE account orders from Government Depts., Schools, Universities and
established companies £20.00 Where post and packing not indicated please ADD £1.00 + VAT. Warehouse open Mon -Fr,
9.30-5.30. Sat 10.30-5 30 We reserve the right to change prices and specifications without notice. Trade. Bulk and Exportrirrr I rr 32 Biggin Way, Upper Norwood, London SE19 3XF
Telephone 01-679 4414 Telex 894502 Data 01-679 1888 ,W



FEATURE

RECEPTIVE
THEORY
In this third part of his series on satellite television, Keith
Brindley considers the mathematical and theoretical side of
signal reception and looks at ways of calculating antenna size

Satellite TV systems (or TVRO for the pedantic) are
of course examples of communications systems
and as such can be looked at mathematically in

terms of signal strengths to enable us to define certain
minimum standards which are governed by the user's
operating requirements.

However these minimum standards are related to
television picture quality and as picturequality is largely
subjective, some way of relating subjective picture
quality to objective signal strengths needs to be
devised.

What's more the relation must be made in such away
as to make easy comparisons between similar systems.

The process of calculating a satellite system's
quality in this way is known as a link budget analysis
- so called because it's an analogy with a financial
budget, comparing gains and losses in the link between
satellite and receiver to give a final result in terms of
picture quality.

No Accounting For Taste
The main problem in any communications system

(but particularly in TVRO systems) is the level of noise
which the receiver output contains. A communications
system's noise level is typically quoted in relation to
received signal level as a signal-to-noise ratio (S/N),
where the S/N ratio is given in decibels (dB) by:

signal power
S/N =10 log

noise power

Most readers will know this and no further time
needs to be spent here. However, the S/N ratio
depends on a number of other factors within the overall
system, particularly regarding satellite television
reception. So we need to consider further these related
factors.

To do this we must consider some basic trans-
mission calculations. A transmitting satellite rotating
in the geo-stationary orbit (GSO) is sufficiently far
away from the Earth to be considered an isotropic
radiating source since it appears from an Earth
viewpoint to radiate in all directions (Fig. 1a).

In reality of course this is not the case as all
satellites use directional transponders (Fig. 1 b) - they
are only effectively isotropic (remember this term) as
far as the earth -bound observer is concerned.

We can calculate an antenna's received signal from
an isotropic source if we first calculate the flux density
of the source at say a distance D, because all the
radiated signal must pass through an imaginary sphere

lb

Fig. 1 Satellite transmissions viewed from Earth (a) A
satellite is sufficiently far from Earth to appear as an
isotropic transmitter (b) Directional transponders are
always used on a satellite but the effect is still isotropic

of radius D, around the source. The resultant flux
density is given by:

F= Pt wm-2
4 it D2

where Pt is the transponder power.
If a receiving antenna is presumed to be positioned

on the circumference of the imaginary sphere then two
main points are illustrated by this relationship:

flux density decreases with distances from the
source (fairly obvious) as an inverse square

flux density (in watts) received at the antenna can
be simply calculated if the area of the antenna (in m2) is
known.

With a satellite's directional transponder a gain
G(0) occurs in a direction 0, where gain is defined as
the ratio of power per unit solid angle radiated in a
given direction to the average power radiated per unit
solid angle. That is:

G(0) = P(0)

Po/4n

where P(0) is the power radiated per unit solid angle,
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Fig. 2 EIRP footprint of Eutelsat Fl . Orbital position in GSO
is 13° east

P. is the total power radiated and G(0) is the gain of the
transponder at an angle 0. The angle corresponds to
the direction in which the transponder is pointing.

So for a transponder of power P, watts and gain G
the flux density is:

PiaF=Pi

4 n D2

The product P,G, is usually called the effective
isotropically radiated power or the equivalent
isotropically radiated power (both abbreviated to
EIRP). The terms merely signify the fact the uni-
directional transponder is looked upon by the observer
as equivalent to a real isotropic source radiating in all
directions.

As we've already seen the power received by an
antenna can be simply calculated knowing the flux
density and the area of the receiving antenna. For an
ideal antenna the received power is given by:

Pr= FA

where Pr is received power, F is flux density and A is
antenna area.

In practice however, no antenna is perfect and an
efficiency, known as the aperture efficiency rl, of
between 60-75% is normal. This aperture efficiency is
said to reduce the area of the antenna's receiving
aperture to give an effective antenna area A. where:

For a practical antenna the received power is therefore:

W rn-2

P,= FA,,

So in terms of EIRP received power of a practical
antenna is given by:

_ tP G Ae

4 n D2

In other words, received power depends only on
the satellite's EIRP, the antenna's effective area, and
the distance between the satellite and the antenna.

We can consider this relationship another way,
where the term:

Ls=
1

4n D2
is known as the spreading loss, or the path loss (in fact
it is not a loss in the strict sense at all - it merely
accounts for the way energy spreads out as the trans-

mitted wave travels away from the source). The
received power can now be calculated as:

P =
EIRP x effective antenna area

r

spreading loss
and, because all these terms usually are quoted in
decibels (that is, logarithmically) then:

Pr= EIRP+ L, dB

Again, this represents the ideal situation and in
practice other losses such as attenuation due to
weather (particularly rainfall) have to be taken into
account.

Practical Example
To put things into perspective at this point, we can

consider a real antenna site (such as in my back
garden) and perform a few calculations to show the
idea.

Figure 2 shows the footprint in terms of EIRP of the
Eutelsat Fl satellite, positioned at 13° east in the GSO.
Each ring of the footprint represents an EIRP 'contour'
within which area the EIRP is numerically indicated in
units of dBW. Over most of Britain the EIRP is 46dBW.

The units dBW simply means that the power level is
referred to 1W. In other words 1W is signified by OdBW.
A positive dBW level means the power is greater than
1W, a negative dBW level means the power is less than
1W. Another common reference power is in units of
dBm where the level quoted with those units is referred
to 1 mW - so that 1 mW is signified by OdBm. Both units
are common in communications engineering.

Now in my back garden (in the wilds of the East
Midlands) the distance from Eutelsat Fl and the
antenna happens to be about 38747km. So the
spreading loss in my back garden is:

=
1 1

4 it D2 4 71 (38747 x 103)2

1

1.8866 x 1016

= 5.3 x 10-17

Expressed in decibels, this is: 10 log (5.3 x 10-17) or
-162.76dB.

Using a 1.5 metre diameter antenna, the actual area
is nr2 or 1.767m2. With an aperture efficiency of, say,
60% (about right for most antennae), the effective
antenna area is 1.06m2, expressed logarithmically this
is 0.25dBm2.

It's difficult to define exactly the loss which may
occur due to weather conditions but generally 2dB is
about right.

Calculating the received power is now just a simple
matter:

Pr= 46+0.25-162.76-2=-118.51dBW
which means that only 1.4 picowatts of signal power
(work it out for yourselves) is received by the antenna
- not a lot!

The received power we've worked out here is
normally referred to as the carrier power and given the
symbol C. In frequency modulation (such as existing
satellite television services) and phase modulation
systems the two are equal because the carrier level is
constant, whether or not a signal is modulated onto the
carrier.

Most signal-to-noise calculations for satellite
systems use estimates of carrier power rather than
signal power and subsequent signal-to-noise ratios
normally are quoted as a carrier -to -noise ratio (C/N).

if t I I 1111A111,111V1315



FEATURE: Satellite TV

Noise
Having calculated the received carrier power, we

now have to consider the noise present so that we can
compare the two.

Noise in satellite television reception systems
follows a classical receiver convention (shown in Fig.
3a) where the receiving antenna is connected to a
demodulator through a high -gain amplifier. In a
satellite reception system the high -gain amplifier is
only one part of the low noise blockdownconverter
(LNB). All important parts of the LNB are shown in Fig.
3b.

The noise we want to measure is that noise present
at the demodulator input and this is made up of noise
which is contributed by various parts of the system
including the antenna itself, the waveguide and the
high -gain low -noise amplifier (LNA). Although parts
following the LNA also contribute noise, their effects
are negligible in comparison and so can be ignored.

At the microwave frequencies involved in satellite
communications systems, all objects with a tempera-
ture above OK generate noise and so contribute to the
total system noise. This thermal noise is usually
calculated in terms of noise temperature by relating
temperature to the thermal energy produced by the
random movement of electrons, with Boltzmann's
constant. Noise is generated by an object at each
frequency, so the bandwidth of the receiver also bears
directly on the amount of noise present at the
demodulator input.

The noise power present at the demodulator input
is given by:

Pn=kT,B

where k is Boltzmann's constant (1.38 x 10-23), T, is the
total system noise temperature in degrees Kelvin and B
is the receiver bandwidth in Hz.

Total system noise temperature is a combination of
the noise temperatures of antenna and LNB. LNB noise
temperature may be given by the manufacturer or can
be calculated from the LNB's noise figure (NF) which is
usually quoted in decibels. LNB noise temperature is:

T antilog
NF10 -1)

where T is the temperature in degrees Kelvin (usually
taken as 17° C - 290K).

Antenna noise temperature is a bit more difficult to
estimate as it varies with antenna, elevation angle and
received frequency but manufacturers should supply
figures and results are typically in the range 40K to
90K.

In practical terms (my back garden again!) for an
antenna with a noise temperature of 60K, an LNB noise
figure of 2.5dB and a receiver bandwidth of 30MHz, we
can now calculate the noise power present at the
demodulator input. The LNB noise temperature is:

2290 ( antilog .5 -1 ) =225.7K
10

so the total system noise temperature is 225.7K+60K=
285.7K.

The noise power at the demodulator input can now
be calculated as:

Pr,=1.38 x10 -23x285.7 x 30x 106

or, logarithmically in decibels:
=-228.6+ 24.6+74.8

=-129.2dBW

(a)

b)

TRANSMISSION
PATH

ANTENNA

ANTENNA LNB

RECEIVER

Fig. 3 Sources of noise in a satellite reception system (a)
The basic system receives signals from the satellite via
the antenna then amplifies the signal before
demodulation (b) In practice the LNB contains a
waveguide, a low -noise amplifier (LNA) and IF filter and
is connected to the main receiver with coaxial cable

CO -AX CABLE

T
1

Knowing this and using our previous calculation
for carrier power the available C/N ratio can be
calculated as:

C/N= (-118.51)- (-129.2)

=10.69dB

Putting Us In The Picture
A simple C/N ratio like this doesn't mean a lot to the

uninitiated so we need to look further into what it
represents. Measurement of quality of a television
picture is a highly subjective area (an adequate picture
for one person is no good for another) but the Inter-
national Radio Consultative Committee (CCIR) has
defined a picture quality assessment plan which uses a
five -point grading system. This, related to a system's
CN ratio, is listed in Table 1 and shown in graphical
form in Fig. 4.

From these we can see that a practical C/N ratio of
10.7dB (the system in my back garden) gives a picture
which is classed as only just fair. Even more worrying
than this, however, is the fact that such a low C/N ratio
is probably close to the receiver's FM threshold margin
(typically around 8-9dB) and so impulse noise inter-
ference showing up as black and white flashes or dots
on the screen - the infamous 'sparklies' - could
occur.

If this was a real system which I was about to buy,
I'd want to know how I could improve the picture
quality a bit. Let's go back to the calculations for C/N
ratio to find out how. The overall ratio is given (in
decibels by:

C P, EIRP+&-Ls-weather loss
N P,, k+Ts+B
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Some of the factors in the calculation are constant -
EIRP, spreading loss Ls, Boltsmann's constant k - and
cannot be altered. Weather loss (estimated at about
2dB, is of course not constant but cannot be ignored as
worst -case weather situations must be accounted for.
The others depend on physical parameters such as
antenna size and efficiency, LNB noise temperature
and receiver bandwidth, so a number of measures can
be taken to improve C/N ratio and the picture quality.

A larger or a more efficient antenna will give a
greater carrier power so improving the C/N ratio.
Conversely, an LNB with a lower noise temperature will
decrease the noise power, so improving the C/N ratio.
Also, reducing the receiver bandwidth will decrease
the noise power - but there is a limit to how small the
receiver bandwidth can be! - 30MHz is about the
minimum. Some satellite television channels (Sky
Channel) have a bandwidth of as little as 27MHz but
others (Superchannel) have a bandwidth of as much as
36MHz.

If receiver bandwidth is too low, not all the channel
will be demodulated and results such as a tearing effect
on video scenes with a sharp vertical edge can be
caused.

This leaves me and my back garden with a simple
choice: get a bigger antenna, a better antenna or a
higher quality LNB. Now, the wife's already up in arms
about having a monstrous brilliant white 1.5m dish out
there and she's not going to let it grow just to get a
better picture so a better antenna and better LNB is the
answer.

Using an antenna with an efficiency of, say, 65%
and an LNB with a noise figure of, say, only 1.5dB
(some of the most recently produced LNB's can meet
this requirement) we can now re -calculate the C/N
ratio.

Effective antenna area is now 65% of 1.767m2
(1.15m2) or in decibels: 0.6dB. LNB noise temperature
is now:

290 ( antilog 1.5 ) -1 =119.6K
10

and total noise temperature is 119.6K+60K=179.6K or
in decibels: 22.5dB. Final C/N ratio now becomes:

C/N=4+0.6-162.76-2-(-228.6+22.5+74.8)

=13.14dB

This result corresponds to a picture quality which
is close to being good on the CCIR five point scale and
I'll certainly accept it. Generally, a C/N ratio of about
this 13dB figure should be aimed for when doing a link
budget analysis. This should allow for extremes of
weather conditions, minor antenna pointing in-
accuracies and the like.

Figure Of Merit
Overall receiver performance is sometimes quoted

as a figure of merit which is its gain over temperature
(G/T). All receiver parameters such as antenna gain,
total system noise temperature and so on are catered
for in this G/T figure and so the figure of merit is related
to the C/N ratio and one can be calculated from the
other (approximately) according to the relationship:

C/N= EIRP+G/T-53dB
or inversely:

G/T=C/N-EIRP+53dB
So, the practical example of the system in my back

garden (with improved antenna and LNB) has a figure
of merit of:

G/T=13.14-46+ 53

=20.14dB

Next month, to round off this series, I shall look at
three specific STV systems in detail.

Quality Grade Impairment Approx C/N
(dB)

Excellent 5 Imperceptible 20
Good 4 Perceptible

but not
annoying

15

Fair 3 Slightly
annoying

10

Poor 2 Annoying 7

Bad 1 Very
annoying

5

Table 1 CCIR picture assessment compared to satellite
receiver carrier -to -noise ratio

EXCELLENT 5

GOOD 4

FAIR 3

POOR 2

Fig. 4 CCIR picture
quality assessment
compared to carrier -to -
noise ratio at the
demodulator input of a
satellite receiver

5 10 15
CARRIER -TO-NOISE (dB)

20
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HART ELECTRONICS are specialist producers of kits for
designs by JOHN LINSLEY-HOOD. All kits are APPROVED
by the designer.

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS

Complete record and replay circuits for very high quality low
noise stereo cassette recorder. Circuits are optimised for our
HS16 Super Quality Sendust Alloy Head. Switched bias and
equalisation to cater for chrome and ferric tapes. Very easy to
assemble on plug-in PCBs. Complete with full instructions.

Complete Stereo Record/Play Kit £33.70
VU Meters to suit £2.30 each
Reprints of original Articles 75p no VAT
860X Stereo Mic Amplifier £8.70

LINSLEY HOOD 300 SERIES AMPLIFIER KITS
Superb integrated amplifier kits derived from John Linsley -
Hoods articles in 'HiFi News'.
Ultra easy assembly and set-up with sound quality to please
the most discerning listener. Ideal basis for any domestic
sound system if quality matters to you. Buy the kit complete
and save pounds off the individual component price.

K300-35. 35 Watt. Discount price for Complete Kit . £98.79
K300-45. 45 Watt. Discount price for Complete Kit 1102.36
RLH4&5. Reprints of Original Articles from 'Hi-Fi News'

£1.05 no VAT

LINSLEY-HOOD SUPER HIGH QUALITY AM/FM TUNER
SYSTEM.

Our very latest kit for the discerning enthusiast of quality
sound and an exotic feast for lovers of designs by John
Linsley -Hood. A combination of his ultra high quality FM
tuner and stero decoder described in "ELECTRONICS
TODAY INTERNATIONAL" and the Synchrodyne AM
receiver described In "Wireless World". The complete unit is
cased to match our 300 Series amplifiers. Novel circuit
features in the FM section to include ready built pre -aligned
front-end. phase locked loop demodulator with a response
down to DC and advanced sample and hold stereo decoder
together make a tuner which sounds better than the best of
the high-priced exotica but, thanks to HART engineering.
remains easy to build. The Synchrodyne section with its
selectable bandwidth provides the best possible results from
Long and Medium wave channels. so necessary in these days
of split programming. If you want the very best in reel HiFi
listening then this is the tuner for you. Since all components
are selected by the designer to give the very best sound this
tuner is not cheap. but in terms of it's sound it is incredible
value for money. To cater for all needs four versions are
available with variations up to the top of the range full AM/FM
model, with any unit being upgradeable at any time. Send for
our fully illustrated details.

STUART TAPE RECORDER CIRCUITS
Complete stereo record, replay and bias system for reel-to-
reel recorders. These circuits will give studio quality with a
good tape deck. Separate sections for record and replay give
optimum performance and allow a third head monitoring
system to be used where the deck has this fitted. Standard
250mV input and output levels. These circuits are ideal for
bringing that old valve tape recorder back to life.
K900W Stereo Kit with Wound Coils and Twin Meter
Drive £85.87
RJS1 Reprints of Original Articles £1.30 no VAT

Personal callers are always very welcome but
please note that we are closed all day Saturday

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

Do your tapes lack treble? A worn head could be the problem.
Fitting one of our replacement heads could restore perform-
ance to better than new! Standard mountings make fitting
easy and our TC1 Test Cassette helps you set the azimuth
spot-on. We are the actual importers which means you get the
benefit of lower prices for prime parts. Compare us with other
suppliers and see! The following is a list of our most popular
heads, all are suitable for use on Dolby machines and are ex -
stock.
HC20 Pennalloy Stereo Head. This is the standard head fitted
as original equipment on most decks
HS18 Sendust Alloy Super Head. The best head we can find.
Longer life than Permalloy, higher output than Ferrite, fan-
tastic frequency response £14.88
H0551 4 -Track Heed for auto -reverse or quadrophonic use.
Full specification record and playback head £14.60
HX100 Stereo Permalloy R/P head. Special Offer £2.49
MA481 2/2 Language Lab R/P head £13.35
SM166 2/2 Erase Head. Standard mounting.
AC type. £8.85
SM150 2/2 Erase Head. DC Type £3.60
H0751E 4/4 Erase Head for Portastudio etc.... £413.80
Full specifications of these and other special purpose
heads in our lists.

HART TRIPLE -PURPOSE TEST
CASSETTE TC1

One inexpensive test cassette enables you to set up VU level.
head azimuth and tape speed. Invaluable when fitting new
heads. Only £4.66 plus VAT and 50p postage.
Tape Head De-magnetlser. Handy size mains operated unit
prevents build up of residual head magnetisation causing
noise on playback £4.54
Curved Pole Type for inaccessible heads £4.85

Send for your free copy of our LISTS. Overseas please send 2
IRCs to cover surfae Post or 5 IRCs for Airmail.
Plana odd part cost of poet, packing and Insurance as follows:
INLAND OVERSEAS
Orders up to £10 - 50p Please send sufficient to cover
Orders £10 to £49 - £1 Surface or Air Post as
Orders over £50 - £1.50 required.

24hr SALES LINE ALL PRICES EXCLUDE VAT
(0691) 652894 UNLESS STATED r, KOS

.0014
eveC,140It40095

WO; 4 9.0.5 gpf
465 sO°05'

PINEAPPLE SOFTWARE
Programs for the BBC model 'B', B+, Master and Master Compact with disc drive

DIAGRAM I I - nom also available for ARCHIMEDES

Diagram II is a completely new version of Pineapples popular 'Diagram'
drawing software. The new version has a whole host of additional features
which make it into the most powerful and yet quick to use drawing program
available for the BBC micro, The new features mean that 'Diagram II can
now be used for all types of drawings, not just circuit diagrams. Scale
drawings are possible and the facilities for producing circles and rubber
banded lines together with the pixel drawing routines make any type of
drawing possible,This advert has been produced completely using Diagram II.

Summary of Diagram II features: -

1. Works on all model BBC computers and makes use of Shadow memory if poss.
2. Rapid line drawing routines with automatic joins for circuit diagrams,
3. Rubber band line and circle drawing modes,
4. Makes use of the Acorn GXR rom to produce ellipses, arcs, sectors,chords

and flood filling.
5, Pixel drawing mode allows very fine detail to be added.
6. Defined areas of screen may be moved, copied, deleted or saved to disc,
7. On -screen cursor position indication allows scale drawings to be made.
8. Keyboard keys may be defined to print User Defined Characters allowing

new character sets to be used.
9. Wordprocessor files may be loaded and formatted into defined areas.
10.0* to 880 UDC's if shadow memory available, 381 without shadow.
11.Compatible with Marconi Trackerball and most makes of 'mouse'.
12.All Diagram Utilities' are included,
13.Completely 'scaleable print routines allow any area of the diagram to be

printed either horizontally or through 90deg in scales that may be
varied in 1% steps allowing up to 18 mode 0 screens to be printed on
an A4 sheet (still with readable text),

14.Smooth scrolling over the whole area of the diagram.

Diagram II consists of a set of disc files and a 16k Eprom.
The disc is formatted 481 side0 and 881 side2, Please state if this
is unsuitable for your system, or if you require a 3.5" Compact disc

DIAGRAM I I - 55 .00 + vat P & p free

PCB
Pineapple's now famous PCB drafting aid produces complex double sided PCB's

very rapidly using any model BBC micro and any FX compatible dot-matrix printer.
The program is supplied on Eprom and uses a mode 1 screen to display the two

sides of the board in red and blue either separately or superimposed. Component
layout screens are also produced for a silk screen mask,

The print routines allow a separate printout of each side of the board in an
expanded definition high contrast 1:1 or 2:1 scale. The print time is typically
about 5 mins, for a 1:1 print of a 7' * 5' board. This program has too many
superb features to adequately describe here, so please write or 'phone for more
details and sample printouts.

85 Plotter driver to suit00
+ vat cost plotters E 35.86 +vat

PCB AUTO - ROUTING
This brand new addition to the PCB program greatly
increases the power of the software and speeds the
design of PCB's even more.
A list of up to 190 connections may be entered in

the form of a 'rats nest' and then the computer does
the rest! You may specify which side of the board
you wish a track to be on or you may leave the
choice to the computer, and you may also say whether
tracks should be allowed to pass between I.C. pins.

The program is in the form of a second Eprom and
full features are available on a standard model'B,'
Please write or 'phone for full details,

COMPLETE AUTOROUTE MCKIM 00185(Including manual Eproa) 4 UAT

MARCONI TRACKERBALL
For Model 'B' and B+ (with Icon Artmaster)
For Master 128 (with Pointer Rom)
Bare Trackerball (no software)
Pointer Rom (available separately)
Trackerball to mouse adapters

Postage and Packing on Trackerballs

£ 60.00
E 60,00
E 49.00
£ 12.50
E 8,00
£ 1.75

+ vat
+ vat
+ vat
+ vat
+ vat

ADFS Utilities Rom
ADU is an invaluable utility for all ADFS users. It adds over 22 new

*commands to the ADFS filing system as well as providing an extensive Menu
facility with over 35 sub commands covering areas such as repeated disc
compaction, saving and loading Rom images, auto booting of files and many more.

Copying of DFS discs onto ADFS discs can be made in one pass with automatic
creation of the required directories on the ADFS disc. All functions are fully
compatible with Winchester drives including *BACKUP which allows backing up of
Winchesters onto multiple floppies.

New *commands are as follows:- *ADU, *BRIOKIJA,ICATALL, sCHFNCE,_DFSIEFS,
*DIRALL,*DIRCOPY, *DIRDESTROY, *DIPPRENAME *DISCEOIT,*DRIVE,_*FILEFIND, *FORMAT,*x/LLADU, *LOCK, *MENU, *PURGE, OPWRBRK, MMLOCK, *VERIFY, *VFORMAT, *WIPE

PRICE f 29.0e vat

tirrEYSF)I(:[:
Powerful A.C. & D.C. circuit analyser package - £119.60
with Graphics output. Send for more details +vatAll orders sent by return

eess39 Brownlea Gardens,Seuen K H ord, Essex IG3 9NL Tel 01- 599 14761 Ate,
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MICRO
CIRCUITS
Malcolm Brown takes a look at two programs for the BBC
micro and Amstrad CPC machines to help the amateur
circuit designer.

In the March 1987 issue of ETI we took a look at
several programs for the BBC micro to help
you design and draw circuits and PCB foils. One of

the winners of that selection was Diagram from
Pineapple Software. Now Diagram has been been
completely rewritten with many additions and
improvements as Diagram II. First, however, we'll look
at a new contender - a PCB design package for
Amstrad CPC micro users.

PCB Drafting Utility (cassette) £19.99
£21.99 (disk)

CADsoft, 18 Ley Crescent,
Astley, Tyldesley,

Manchester M29 7BD

The humble Amstrad CPC range of micros provide a
lot of computer for not very much money so it is about
time they were used to help the struggling electronics
enthusiast.

This package is a PCB design tool to produce
paper artwork of foils for subsequent photographic
transfer to celluloid for UV exposure and etching.

The program is available on cassette for CPC464
users and on Sin disk for those with a CPC664 or
CPC6128.

The program is in two parts - the editor and the
plotter. Both sections are based on Basic programs
with machine code routines.

The editor is used first to create your PCB design.
PCBs up to 25x25in can be designed. The screen
display shows a greatly enlarged section - about
4x21/2in - at any time. However, the whole PCB can be
drawn on at a time if you can manage to do this 'blind'.

0 0 0

--- moon 0 0 a 000 0000 a

coV

I ficV3.0 Da.
.0000000000

This is more useful than it seems at first because it
means a track can run for more than the width of the
screen and still be drawn in one go.

This is a drawing package which stores the start
and end co-ordinates of the lines (tracks) and points
(pads) and suffers from the problems associated with
this method. Although the whole PCB is much larger
than the screen window, you cannot scroll across it.
Instead the screen must be entirely redrawn from a
new viewpoint each time.

However, that aside, drawing a PCB with this
package is easy enough. There are three structures
which can be drawn - pads, tracks and DIL packages
(which are really just collections of pads - so there's
only two structures after all).

Tracks are drawn by rubber banding. The cursor is
moved around in discrete 0.05in steps and the Tab key
starts and stops line drawing. The lines drawn on the
screen in this way do not directly correspond to the
tracks on the final PCB. The final width of the tracks is
set separately to 0.0125, 0.025, 0.0325 or 0.05in.

Pads are similarly positioned at the current cursor
position and they too can be preset in size to 0.05,
0.065, 0.085 or 0.1 in.

Both pads and lengths of track can be deleted from
the foil by moving the cursor to any part of them and
pressing the appropriate key.

Sets of DIL pads are placed on the foil with the
function keys and they can be set either horizontally or
vertically. The pitch between the rows of pins can be
altered to just about any conceivable value but
sensible defaults are provided. Setting a row
separation of zero provides SIL package pads.

Once on the foil design, the DIL pads are treated as
individual pads and must be deleted one at a time.

The program can cope with double -sided boards
and both sides are displayed at the same time in
different colours. Which side is 'active' - being drawn
on at the time - is selected with the U and L keys (upper
and lower). All pads are always placed on both sides of
the board which can occasionally be a problem.

The completed board can be saved to disk for
further editing later or for printout.

The plotter routine uses a standard Epson -com-
patible dot-matrix printer. Either or both sides of the
board can be printed and the printing can be either
way around on the paper.

Printouts are made at twice size in four -inch strips
which must be joined later for photography and are
produced in either a quick draft mode or in the higher
quality final mode.

The sections of the foil are drawn out on the screen
before dumping to the printer and it is here that the
real quality is shown. In this mode the tracks and pads
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REVIEW

are expanded to their intended size and the pads take
on the normal elongated oval shapes.

CADsoft's PCB Drafting Utility is adequate for
most amateur use but it is not to the quality of
Pineapple's PCB program (see that March 1987
review) for the BBC micro.

The Amstrad CPC micros have a far greater
potential for this kind of work because of their vastly
increased memory. However, some silly scrappy Basic
programming mistakes (such as overwritten menu
prompts and no disabling of the potentially lethal
Escape key) means this program cannot be
considered a truly professional tool.

Diagram II
L55+ VAT (exchange deals

available for Diagram I users).
Pineapple Software, Brownlea

Road, Seven Kings, Ilford, Essex IG3 91\11...
Tel: 01-599 1476.

There are many drawing packages around for the BBC
micro but this one uses an entirely new method of
storing the picture to make it particularly suited to
drawing circuit diagrams.

Many other drawing packages store the start and
end co-ordinates of all the lines in the picture along
with a code to determine whether a line is drawn or a
rectangle or whatever. This can be wasteful of disk
space and makes editing the picture slow and
difficult.

Other programs (usually the more 'artistic' ones)
store the memory mapped screen RAM. This is usually
quite economical on storage space but useful editing
is nearly impossible.

Diagram II uses neither of these methods. Instead,
the picture is stored as an array of character codes (an
extended ASCII coding system is used) with the bit
map definitions corresponding to each code stored
separately.

Of course with a picture (such as an artistic work)
with a great deal of variation across it, this is an
uneconomical method, to say the least.

However, with a diagram consisting of a great
many repeated symbols and sections (as is a circuit
diagram) this method is economical and has a few
other great advantages.

Most important is the speed in which the diagram
can be drawn. This not only means that it can be
produced on the screen and edited quickly but also
that the section shown on the screen can be just a part
of a much greater whole. Diagram II allows smooth
scrolling across a complete diagram of up to 30 Beeb
mode 0 screens.

This method also allows the complete multi-
screen diagram to be easily displayed on one screen
with each pixel representing each character of the full
sized screen. A complete diagram of up to 8x8 screens
can be displayed in this reduced form for checking the
'whole look' of the diagram.

Despite this unique system, when using the
program you would not know that Diagram II is any
different from other drawing packages. The
mechanics of it all are very cleverly hidden. The cursor
is used to move around the diagram and a line is left
trailing behind. The program automatically lays down
the correct line character needed at that point in the
diagram. Turn a corner and a right angle turn
character is printed, cross another line and a cross
character is printed at the intersection.

A 'blob' can be left at line intersections just by

NOTE. When changing
channels only X1 and the
output tuned circuit need
adjustment.
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pressing Ctrl as you pass over the join. Now that just
isn't possible with other types of drawing package.
They require a precise positioning of a blob symbol
after the lines are drawn.

This character system also means diagrams are
naturally and easily kept aligned and 'square'. It is
genuinely difficult to not draw neat and impressive
diagrams using this software.

That's all very well for vertical and horizontal lines
but Diagram II can also make use of 'rubber banding'
to draw all the diagonal lines in between or for tracing
an irregular shape. Amazingly, this still uses
predefined characters, automatically selected and
positioned to make up all the line sections.

As well as straight lines, Diagram II running on a
Master or model B with Acorn's GXR ROM can
produce circles, rectangles, ellipses, arcs and
triangles, either filled or in outline, to build up large
shapes. Without the GXR ROM only circles and filled
triangles can be created.

Again, although drawing these shapes is
performed with the cursor and is as easy as with any
drawing package, the end result is made up of
individual predefined characters which go to make up
the complex shapes.

Text is positioned on the diagram simply by typing
it in when the cursor is at the right position. Text can
also be taken from a file created with Wordwise Plus
and automatically fitted in a defined section of he
diagram.

Diagram II can produce discrete symbols such as
transistors, resistors and so forth. These are also made
up of characters - up to 12 normal Beeb 8x8 -pixel
characters.

With a basic model B BBC micro, 335 characters
can be defined, shared between the symbols. With a
machine using shadow memory (such as the B+ or
Master) 880 Beeb characters can be used.

A definite improvement over the old program is
the ability to delete unwanted symbols and so free
the characters for use with new ones. The complete set
of symbols or just a limited subsection from one
diagram can be saved to disk to use with another
diagram - again a useful addition.

To design these symbols a very effective character
definer is provided. There have been many such
definers produced for the BBC micro but this is one of
the best I've seen. It is fast and simple to use. As well as
allowing the symbols to be defined one pixel at a time
on an enlarged grid, complete symbols can be emptied
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REVIEW: Circuit CAD

NNE, *en changing
channels only It and the
output tuned circuit need
adjustment,

10 IN

or flipped horizontally or vertically.
The character definer can of course be used to

define new styles of text characters and these can then
be inserted in the diagram just like 'normal' text, from
the keyboard.

Each character has a 'direction' defined along with
it. This controls the cursor movement after the
character is positioned on the diagram. The direction
can be defined in any of the four compass directions so
that, say, a complete set of upside down characters
could be typed right to left straight from the keyboard
without fiddling with the cursor between characters.

Any area of the diagram can be defined with the
cursor and then deleted, moved, copied to another
part of the screen or saved to disk to be inserted into
another part of the program or into another diagram
altogether.

Borders can also be added in one single movement

AUDIOKITS PRECISION COMPONENTS

THE 30+30 INTEGRATED AMPLIFIER
* DESIGNED FOR OUTSTANDING SOUND QUALITY
* VERY HIGH QUALITY COMPONENTS SUPPLIED
* LOW TEMPERATURE GENERATED DISTORTION
* ULTRA LOW NOISE MC STAGE
* STAR EARTHING - MAPPED ON PCB TRACKS
* CLEAN SOUND RIGHT UP TO FULL OUTPUT
* 7 SEPARATELY RECTIFIED POWER SUPPLIES GIVES

OUTSTANDING STEREO IMAGERY
* LATEST KITS HAVE IMPROVED HEAT SINKS AND LOWER RESIDUAL NOISE

IMPROVED VERSION ALSO FEATURES
* BULK FOIL RESISTOR (Temp. Coefficient 5ppm/°C) IN CRITICAL PLACES
* HOLCO RESISTORS FOR OUTPUT TRANSISTOR EMITTER RESISTORS
* POLPROPYLENE AND POLYSTYRENE CAPACITORS
* LONG LIFE ELECTROLYTIC CAPACITORS
* KIMBER CABLE FOR INTERVAL WIRING
* GOLD PLATED PHONO SOCKETS
* EXTRA OUTPUT TRANSISTORS FOR 40 WATT OUTPUT

PRICES Standard 30+30 kit £172 + E6 p&p = £178
Standard with extra 0/p transistors f185 + £6 p&p = 1191
Improved kit £380 + f6 p&p = £386

Export version to order with 110V or 220V primary transformers. P&P charges by
quotation. Delivery 14 to 21 days, but can be longer as lead times for manufacture of
case or supply of some top quality parts used in improved version is much greater.
ETI VIRTUOSO PREAMP KITS, PCB'S AND ALL PARTS AVAILABLE.
ETI System A Preamp & Power Amp
ETI Audio Design Preamp & Power Amp
Amazing how many ETI readers are still building system A and Audio Design pre and
power amps, many years later. Most are using higher grade parts recommended and
supplied by Audio Kits and enjoying much better sound quality than the original design.
Special parts list available on request.

For details of Audio Kits components and kits, please send SAE (9" 04") (overseas 3 IRCs) to:

AUDIOKITS, 6 Mill Close, Borrowash, Derby DE7 3GU. Tel: 0332 674929

and existing diagrams changed in size for additions or
shifted across an enlarged diagram.

The completed diagram is stored on disk or printed
on a standard Epson compatible dot-matrix printer at
just about any size from three screens to just one
character across a sheet.

All the parameters entered to control the size,
position and codes used for the printout can then be
saved to disk to save time for later repeat runs.

The quality of printing is the last factor which
makes Diagram II so outstanding. This package really
is capable of producing top quality diagrams. It is
difficult to see how this package could now really be
improved. For anyone looking for ways to edit, store
and print out professional circuit diagrams with a bare
minimum of equipment, Diagram II is the only
answer. ETI

SONY PEAKERS
MODEL
Z-3000
20 WATT
2 -WAY

made in UK

Size 41-5 x
25 x 17cm
approx.
Impedance
6 ohm
nominal.
Finished in
simulated
black teak with
matching grille.

JUST OUT
1988

CATALOGUE
Send 50p (cheque or P.O.)
and 230 x 325mm s.a.e.

R

E20.95
per pair + p&p £3.95

All mail to RTVC, 21 HIGH STREET,
ACTON W3 6NG. Callers to Acton or
323 Edgware Rd, London W2.
Please allow 14 days delivery.

Payments to RTVC Ltd. Order by Access - tel: 01-992 8430.
ca
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IT'S NEW, IT'S HERE AND ONLY AVAILABLE THROUGH ETI
MICRO MINIATURE SURFACE MOUNT PROJECTS

You've heard about them, probably seen and
marvelled at them inside your calculator or watch
and now you can begin using them with the latest
range of surface mounted component kits from
SUMA DESIGNS. All the kits are of well proven, in-
house design and come complete with all compon-
ents individually packed for easy identification, high
quality fibreglass, surface mount, solder resist P.C.B.,
full assembly and circuit instructions. All you need is a
pair of tweezers, a fine -tipped iron and a steady
hand. Using assembly techniques developed to
cope with our own prototype and batch manufac-
ture you can be assured of success. To make things
even easier we have developed a custom made
component jig which although not essential greatly
simplifies assembly and is well worth the investment.
A full range of SM components are also stocked for
your own projects.

SOUND TRIGGERED SWITCH:
Triggers from slightest sound, L.E.D. indication,
variable sensitivity.

DIGITAL DICE:
Touch control, roll down speed SM L.E.D.
readout.

VHF FM TRANSMITTER:

Complete with mic, tuneable over 88-108
band.

UVE WIRE DETECTOR:

Non -contact Indication of live wires, blown
fuses etc.

VHF FM BLEEPER:

Transmits constant bleep to nearby FM
radio. Tuneable.

Custom designed assembly jig for speedy
and accurate assembly.

Send 9 x 4 S.A.E. for full details of these and other
kits plus all components available.
All prices are inclusive but please add £1.50 per
order to cover post & packing.

The Workshops
5n6cko5acl. f5axterleil

Near Atherstone.

DESIGNS Varwick5kire. "ETel kone os.17--1-1-4.-n

SM20:

SM21:

SM22:

5M23:

SM24:

CHJ22:

£13.95

£15.95

£12.95

£9.95

£13.95

£6.90

0% A 600MHz
FREQUENCY COUNTER!

IN THE NEW STYLE
WINTER 1987/88

Circuit CATALOGUE

 Oscilloscope Digital Storage Unit
 Temperature Controlled Irons
 5 and 50W RF Power Heads
 £££s of Discount Vouchers
 Easy to Enter Competition
 Quanity Price Discounts
 PCB Prototyping System
 2 new HF Receiver kits
 24 hour order line
 Component Packs
 12 new books
 Special Offers

ctronic constru
me day

E's worth

e!!

PACKED WITH NEW LINES

O

ONLY

£1.20

Available from your local newsagent or direct from Cirkit at
the address shown below

Cirkit Distribution Ltd.
Park Lane, Broxbourne, Herts EN10 7N0
Telephone (0992) 444111 Telex: 22478

...IN ONE GREAT KIT!
The K5000 Metal Detector Kit combines the
challenge of DIY Electronics assembly with the
reward and excitement of discovering Britain's buried
past.
THE KIT - simplified assembly techniques require little
technical knowledge and no complex electronic test
equipment. All stages of assembly covered in a detailed 36
page manual.
THE DETECTOR - features Analytical Discrimination
& Ground Exclusion, backed by the proven pedigree of
C -Scope, Europe's leading detector manufacturer.

Ask at your local Hobby/Electronics shop or contact:-

Scope-0tto International LtKde. TDept.

2LN.ETI

Telephone: 0233 29181
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DOMAIN POINTS
AGAIN
Paul Chappell pulls his phasors together to find a use for
mathematics in circuit design

Last month's article was concerned with the
mechanics of manipulating complex numbers
with hardly a mention of how this might apply to

electronics. This month I'll redress the balance and
concentrate on applying complex number arithmetic
to circuit calculations.

We haven't reached the end of the mathematics by
a long way but it's just as well to keep the final objective
in sight - to make AC circuit theory as easy as it.

The Story So Far
In an earlier article (November 1987 Circuit

Theory) I demonstrated that in a capacitor with a
sinusoidal voltage applied, the current would also be
sinusoidal. The ratio of the voltage and current
amplitudes at any given frequency is constant so the
capacitor can be thought of as having a 'resistance' to
sine waves.

Since the apparent resistance varies with
frequency and the voltage and current waves are offset
by 90° , it's not quite the same as ordinary resistance. It
is given the name reactance, the symbol X,, and for a
capacitor C at angular frequency co it has the value
-1/w C.

For a sinusoidal current of amplitude I, the voltage
amplitude will be given by V=IxX,, just as for an
ordinary Ohm's law calculation V=lxR. An inductor has
similar properties and a reactance XL of wL.

The problem we found with using the straight
voltage -to -current amplitude ratio as the 'resistance' of
reactive components was that the 'resistances' didn't
add for components in series and the usual parallel
resistor calculations didn't apply to components in
parallel. So the concept of an AC 'resistance' was
rather limited in application!

We concluded that this problem arose because the
90° phase difference between voltage and current was
not being taken into account. With the aid of complex
numbers we are now in a position to correct this flaw
and bring out the full power of the ideas.

A Practical Example
Let's take a look at the circuit of Fig. 1(a). To keep

our feet firmly on the ground I haven't used normalised
values - the frequency and components are those you
might find in a real circuit. I haven't specified the input
for the moment. All we know is that it's a sine wave of
angular frequency 5x106 radians per second (roughly
800kHz).

The reactances of the inductor and capacitor at
this frequency will be XL=500 ohms and Xc=400ohms.
This suggests that the entire circuit has an impedance
of 1000R and that a 1mA amplitude current should
produce a voltage across the circuit of 1V (both at
800kHz).

We already know that this doesn't happen and Fig.
1 shows why. Taking the cosine form of the input

current and freezing the phasors at t=0 gives the
situation depicted in Fig. 1(b) for the individual
voltages across each component and Fig. 1(c) for the
combined voltages. The voltage across the entire
circuit (V,n) has an amplitude of 141mV against a
predicted value of 1V. Our estimate was out by a factor
of seven!

The diagrams show clearly what has gone wrong.
To give the predicted 1V, the voltages would all have to
be in phase so their phasors would add in a straight
line. They aren't and they don't!

Ordinary numbers can't take into account the
direction of the phasors. All they can do is tell you how
long they are. Complex numbers can do both!

5 x 106
(FREQUENCY

800kHz)

(a)

L =1130uH

C = 500p

R = 100R

VL 500mV

VR 100mV

VC 400mV

VR 100mV

(c)

Fig. 1 (a) The circuit. (b) The voltages across each
component. (c) The voltage across the entire circuit.

Let's begin again. First of all we'll relabel the circuit
as shown in Fig. 2. We have now entered the frequency
domain! This means every time I mention a current I or
a voltage V, they are automatically assumed to be
sinusoidal in form (which saves having to state the
obvious every two minutes) with amplitudes I and V
respectively.

This also means the components are labelled with
their complex impedances rather than with their
normal component values. We'll see how it works right
now.

First of all, we'll set the input frequency too= 5x 106
radians per second. Now we can work out the
impedances of each of the components. Z1 =j500,
ZL--j400 (note the minus sign - remember that 1/j= -j)
and ZR= 100.

To find the impedance of the entire circuit, just add
up the individual impedances. 100+j500 -j400=100+
j100. If we agree to work in mV and mA, then a 1mA
input current (remember: frequency domain so this
means a sinusoidal input current of amplitude 1 mA and
not a steady 1mA current) in cosine form will be 1= 1+j0
(or just 1 for short!). The voltage will be I xZ,,,= 1 x (100+
j100)= 100+ j100 and we're through. Well, almost. My
voltmeter doesn't actually register voltages of
100+000!
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CIRCUIT THEORY

To express the answer in more familiar terms, we
have to translate back to the time domain. The voltage
100+j100 has a modulus (length) of 141 and an
argument (angle) of tan -1(100/100)=45° =rc/4. In
full, we've discovered that an input current of cos
(5 x 10-60 at the input will give rise to a voltage 141 cos
(5 x 10-6t+n/4) across the input terminals.

Now let's look at the pictures to see what's going
on. First of all, we agree to draw our phasors in the
complex or z -plane. The phasor representing a current
of 1mA in cosine form points along the positive real
axis and is described in complex number form as 1+j0
(we're working in units of mA and mV, remember).

This gives rise to a voltage of (1+j0)x (j500) across
the inductor which comes to j500 or a phasor of length
500 pointing up the positive imaginary axis. There's no
need to draw it again - it's there in Fig. 1(b)!

The voltage across the capacitor comes to -j400 -
represented by a phasor of length 400 pointing down
the negative imaginary axis (as in Fig. 1(b)). The
voltage across the resistor you can work out for
yourself!

Now we add up the three individual voltages
(remember from last month that complex number
addition corresponds to addition of phasors in the z -
plane) giving the result shown in Fig. 1(c). The voltages
due to a unit current add correctly so the impedances
must also add correctly, since impedance is exactly
that - the voltage per unit current.

Time And Frequency Domains
Just about every circuit you've ever seen in the

pages of ETI is in the time domain. All this means is that
if you know how the input behaves as a function of
time, you can deduce the output - either by calcula-
tion, common sense or by reading the 'How It Works'
section!

You might ask yourself what happens when the
switch is pressed. What happens just after the pulse
reaches IC5? When will the output of IC9 go high? All
questions to do with time. First one thing happens,
then another, then another ... OK, I won't labour the
point any more!

Figure 1(a) is a time domain circuit. You could ask
what its response is to a voltage step then draw the
output as a graph of voltage against time and so on.

Now, we know that if the input to the circuit of Fig.
1(a) was a sine wave, every single voltage and current
would also be a sine wave. So asking how the circuit
behaves in time is silly. We know already- it gives sine
waves.

If we know the voltages and currents in the circuit
at any instant in time, we can deduce what they will be
for evermore. So to inspect the circuit we suspend the
operation at a single instant in time. All the currents
and voltages can be visualised as phasors, immobile as
frozen twigs on a February morning.

To help with the calculations, we draw a frequency
domain circuit as in Fig. 2(a). The input voltage and
current are represented by their frozen forms and the
components are labelled with their complex
impedances which makes it easy to calculate the
lengths and angles of all the other frozen twigs.

Having studied the circuit to our hearts' content,
we set the phasors spinning again and translate the
circuit back into the time domain.

You'll notice that none of the expressions we've
used in calculating impedances or whatever has a 't' in
it. There is no reference to time. The variable we do
have at our disposal is the angular frequency w. Hence
the name frequency domain. So far we haven't made
use of the ability to vary a), but that's about to change.

WE

L j.10 -4.w

1/j,../c = 1/j5 10-10.o,

R = 100

-VE

(a)

INCREASING w

1001

(b)

DECREASING c../

Fig. 2(a). Frequency domain version of Fig. 1. (b) Variation
in the voltage across the circuit with frequency

Frequency
Sticking with the circuit of Fig. 1(a), let's see what

we can find out about its behaviour at different fre-
quencies. First of all, you'll notice the voltage across L
is proportional to frequency. As CO increases, so will the
voltage across L. As the frequency decreases, so will
the voltage.

For the capacitor, exactly the opposite happens.
Up the frequency and the voltage goes down.'Reduce
the frequency and the voltage rises.

If you think about the effect of this on Fig. 1(c)
(assuming an input current of 1mA at various
frequencies) as the frequency increases, Vc gets
shorter and the VL phasor gets longer. The resultant
voltage across the entire circuit gets larger in
magnitude and leads the current by a greater and
greater angle.

Reducing the frequency increases Vc and reduces
VL so the overall voltage swings downwards and lags
the current by a greater and greater angle. The effect
on the voltage across the circuit as a whole is shown in
Fig. 2(b) for various frequencies. (It's at times like this I
wish I could produce animated graphics with all the
phasors altering in length and the voltage phasor
gliding along its path. Since we haven't found a way to
do it on the pages of ETI, you'll have to use your
imagination!)

For some value of w, the voltage across the circuit
will point along the positive real axis. It will be in phase
with the input. It will also have its minimum amplitude
at this point. (If you can see where this is leading, take
the Mrs Beestly prize for supreme cleverness!)

Let's see if we can work out the frequency at which
this happens. Looking at Fig. 1(c), it's clear that the
condition for the voltage phasor for the whole circuit to
point along the positive real axis is that Vc=-VL. If this
holds, the voltages across the inductor and capacitor
will cancel and the voltage across the entire circuit will
be equal to the voltage across R. In mathematical terms
we require 1/jo)C-jo)L. Solving fore) we getw=1/\/LC.

If you still haven't caught on, perhaps the more
familiar f=1/27f N/LC will give you a clue!

We've just derived the condition for the circuit to be
in resonance. The fact it was obtained so easily is a
demonstration of the power of this method of analysis
that you'll appreciate if you've ever tried to derive the
same result in the time domain with the aid of a page of
differential equations!

If you think this is good, you ain't seen nothing yet!
Watch this space next month. ETI
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THE LM3524
Arthur Bossard inspects this versatile IC and finds it's good for
more than switch mode power supplies

Now that Les Sage has introduced you all to the
mysteries of switch mode power supplies (ETI
October and November 1987) it seems an appro-

priate time to look at one of the many control ICs
available for the purpose - the LM3524.

This IC is not the ultimate in high-tech, just the
opposite, in fact. It is chosen because it is cheap (so
you can experiment without heart palpitations at the
thought of ten quid going up in smoke!). It is also
readily available, doesn't need many external
components to make it do its stuff and because it can
be used for other control functions (or even as an LED
flasher if your imagination deserts you!)

For those not familiar with switching regulators,
the LM3524 is a good introduction since the basic
functional blocks are not obscured by a mass of
control circuitry. There's an over -current sensor, a
logic input to shut down the IC in case of faults in other
parts of the circuit, and that's your lot.

The functional blocks inside the IC are shown in
Fig. 1. The heart of the IC is the oscillator which runs at
a frequency set by the resistor and capacitor from pins
6 and 7 respectively. The capacitor is repeatedly
charged at a constant current to 3.5V, then quickly
discharged back to 1V, resulting in a sawtooth
waveform at pin 7.

Forgetting the input amplifier, current limit and all
the rest of the paraphernalia for a moment, imagine
applying a DC voltage to pin 9 of the IC. (You can
actually do it if you want to, as the internal amplifiers are
transconductance types and won't be upset by it).

If the voltage at pin 9 is below 1 V , the comparator
output will always be high since its positive terminal is
connected to the sawtooth waveform which is always
above 1V. If the voltage at pin 9 is a little above 1V, the
comparator output will go low briefly after each
discharge of the capacitor. A higher voltage on pin 9
will keep the comparator output low for longer and an
input above 3.5V will keep it low all the time.

So the comparator output is a rectangular wave
with a duty cycle controlled from zero to 100% by the
voltage on pin 9. If this wave were fed directly to a
single output transistor, we would already have a very
basic voltage controlled pulse -width modulator
suitable for use in a switching regulator!

The LM3524 has two output transistors to allow for
push-pull operation. Where this is not required, the two
transistors are connected in parallel. The flip-flop
switches between the two transistors on alternate
cycles of the oscillator.

The gate input from the oscillator's output is a
'blanking pulse' to give a short period when both
transistors are turned off, preventing cross -
conduction at maximum duty cycle.

You can get a 'feel' for the operation of the IC so far
by connecting up the circuit of Fig. 2. The LEDs flash
alternately as the flip-flop switches from one output
transistor to the other. RV2 sets the oscillator
frequency and therefore the flashing frequency. RV1
controls the duty cycle of the out pulses.

vin 015

ERROR
INPUT

COMPEN-
SATION

CURRENT
LIMIT

SHUT
DOWN

10 1k0

3

ERROR
AMP

CURRENT
LIMIT

10k

REFERENCE
REGULATOR

POWER TO INTERNAL
CIRCUITRY

COMP

SCILLATO

Fig. 1 The block diagram of the LM3524

18 Vref +5y

12
EMITTER A

COLLECTOR A

COLLECTOR B
14

EMITTER B

3 OSCILLATOR
OUT

+12V

Fig. 2 Demonstrating the basic operation of the LM3524.
An LED flasher!

At the ground end of its travel, as soon as one LED
turns off, the other turns on (apart from the brief
blanking pulse, which won't be visible). As the preset is
rotated, the flashing becomes briefer, giving a more
'urgent' look to the display.

This could actually be quite useful for a warning
display, or for use with model cars or trains to simulate
danger signals.

Strictly speaking, the values of RT and CT (RV2 and
C1 in Fig. 2) should not be above 100k and 100n
respectively for reliable operation. What you'll find is
that if you try to reduce the frequency too much the
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flip-flop won't switch over, so you'll be left with one
flashing LED and another that doesn't light at all.

Switching regulator circuits
The basic step-down regulator configuration is

shown in Fig. 3. This is broadly equivalent to a standard
series regulator. The input voltage can be anywhere
between 8V and an absolute maximum of 40V. The
output (for the component values shown) will be 5V.
The maximum input current, without an external drive
transistor, will be 80mA.

For the small currents involved, L1 will have to be
quite high in value to sustain conduction when the
transistors are turned off. A value of about 10mH will be
needed. D1 can be a 1N4148.

The value of C3 will depend on the amount of ripple
that can be tolerated on the output. A value of 1 uF is a

Fig. 3 The basic step-down regulator configuration

reasonable starting point. Increasing the value will
improve the smoothing but will make the circuit less
able to cope with rapid changes of input or load.

A Step Up
The basic step-up regulator configuration is shown

in Fig. 4. Once again, L1 can be about 10mH, C3 1uF
and for the low frequency and small currents involved
D1 can be a 1 N4148. The output voltage will be 27.5V
for the component values shown. The input can be
anywhere from 8V to about 20V.

The output voltage can be varied by changing the
value of R5. If a current limit is needed, it can be
connected in the same way as for Fig. 3.

The component values given are intended as a
starting point for experiment - this isn't a project! You
might like to try finding the limits of each circuit for the
values given - particular of the inductor. What is the
smallest different in output and input voltage that the
circuits will cope with? What is the largest? (Bear in
mind that the IC will be damaged by input voltages
voltages (Fig. 3) and output voltages (Fig. 4) of over
40V.)

How does it cope with variations of the load? What
is the disadvantage of using too large an inductor? Or
too small? What happens if you use a 1 N4001 in for the
rectifiers? Or a schottky diode? What happens if you
make the value of the smoothing capacitor 10uF or
1000 u F?

My theory about electronics is that an hour spent in
intelligent experimentation (where if something goes
wrong you ask 'why?' - and make damn sure you come
up with an answer!) is worth a week reading a text book.
That's not to devalue theory but a touch of practical
experience gives meaning to what would otherwise be
dry and uninteresting facts.

If your amplifiers oscillate and your regulators

Fig. 4 The basic step-up regulator configuration

+25V
0

SENSE ELEMENT:
ANY SILICON DIODE
I-2.5rnV/°C) APPROX

SET
TEMPERATURE

15

16

LM3524

12

13

3
NC

HEATING ELEMENT:
470R 1W RESISTOR

NOTE
01= GENERAL PURPOSE
SILICON TRANSISTOR
IBC109 etc)
D1= 1N4148

8,11,14,
4,5,10

22k

470k

10n

Fig. 5 Using the LM3524 as a heating controller. The
sensor diode characteristic is only important if the set
temperature is to be variable. Fora fixed temperature, RV1
is used to set the required temperature and the controller
then left alone.

don't regulate, it gives you the incentive to get to the
bottom of what's going on!

Other applications
The LM3524 is quite a versatile little IC and can be

used for other purposes besides switching regulators.
One thing that occurs to me is that it could be used for
temperature regulation of sensitive components - a
crystal oven for example.

In its simplest form, the heating element could be a
resistor connected to the output transistor collectors
(Fig. 5). The temperature sensing element could be a
common or garden diode, arranged so that increasing
temperature causes a rise in voltage at pin 1 of the IC.
The set point would be controlled by varying the DC
offset at pin 1 or the voltage at pin 2.

Another possibility is to make optically isolated
analogue outputs, such as the ones in the recent ETI
EEG Monitor. A different approach would be to vary
the mark -to -space ratio of the outputs in sympathy
with the analogue signal. The circuit (Fig. 6) is similar
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+12V 0
15

100k
Vin 0-1\AA/N-

OV 0

-12V 0

RV1
10k

'SPAN'

IC2

16

10k

1

2

RV2
100k

2ERO'

LM3524

47k

1k0 4k7

12

13

NC

8,10,4,5,11,14

+V isolated
0

100k Vout

1.0

OV
0

Fig. 6 Using the LM3524 as an isolated
analogue port. IC1 transforms the
input (say 0-5V) to the 1-3.5V required
by the LM3524. For 0-5V input, RV1 is
set to give a gain of 1/2 (0-2.5V) and
RV2 set to give 3.5V with an input of
OV. As the input varies from 0-5V the
isolated output goes from +V isolated
to OV.

to Fig. 2 with the LEDs replaced by the opto-isolator
and the two output transistors connected in parallel.
Some level shifting is needed on the input to match the
available analogue voltage range with the
requirements of the LM3524, and 102 achieves this.

Infra -red remote control? Once you start thinking
about it, the possibilities for applying this IC seem
endless. Have fun experimenting, and don't forget our
Tech Tips page if you come up with something good.

ETI

19" RACK CASES
* Suitable for instruments, high quality amplifiers and many other applications that demand
strength and professional finish * New improved construction and finish * Black anodised
aluminium front panels * Separate front mounting plate, no fixing screws visible on the front
and the side of the enclosure * Heavy gauge front panel is of brushed aluminium finish
enhanced with two professional handles * With ventilation slits and plastic feet * Rear box
manufactured from 1.1mm steel finished in black. Rack mounting or free standing. Comes in
quick assembly flat package spare front panels available.

Order Code Panel Size
W H (inch)

IU-10 19 = 1.75
2U-10 19= 3.5
3U-10 19 * 5.25

Rear Box
W H O
17 = 1 5 = 10
17 k 3 0 = 10
17 = 5 0 10

Weight Price

2.4kg 23.50
2.9kg 24.50
3.5kg 26.50

1 5% discount on
1U-10 2U-10 3U-10

with this advert.
2U-12
3U-12
4U-12

19 . 35
19 . 525
19 . 70

17 . 3 0 12 3-3kg 25.50
17 = 4.0kg 27.50

17 . 6 5 . 12 4.6kg

Please add £3.00 P&P for the first item and £1.50 for each additional item.
No VAT to be added to the price.

TEST EQUIPMENTS

C83A Digital Power Supply/Voltmeter (0/35 Volts 1.5 A) £44.95

C83B Digital Power Supply (0/30 Volts 1 A) £38.95

C89A Function Generator (2 Hz to 200 KHz) £39.95

C86A 60 MHz Counter/Timer £47.95

C87A Autoranging Capacitance Meter (0.1 pF to 99.9 mF) £47.95

MV338 Metal -mains detector £4.99

A new range of quality test equipment at the lowest possible price. The
C89A (£34.95) and C86A (£39.95) are also available in kit form with full
construction details. Please add £3.00 p/p per item (£1.00 for MV338).

To order send cheque/postal order - please allow up to 7 days despatch for cheque clearance.
Quantity discount available. Customers who require further information please send S A E

Trade and overseas orders welcome. Mail order only.

T.J.A. DEVELOPMENTS
Dept. ETI, 19 Welbeck Road,

London W3 OJT.

Zenith Electronics.
KITS  MODULES  HARDWARE

The following are examples of our proven product designs
 High quality touch dimmer 500W R/Built £12.99
 Selectable tone generator 9-12V operation £5.50
 3 -Note Electronic Door Chime unit, 9 volt operation,

three melodious tones; variable frequency. Kit £9.83
 Miniature FM Transmitter; 60-145,MHz. Kit £6.95

R/Built £8.95
 3 -Watt FM Transmitter, 80-108MHz. Kit £13.99

R/Built £18.99
 300 -Watt Light Dimmer unit for 240 volt mains lights,

Kit £6.95
 4 -Code Digital Code unit plus Key Pad - select own

code; 9 -volt Kit £15.95
 5-100 Watt Electronic Loudspeaker Overload Protector,

adjustable. Kit £11.11

BLACK ICE.ALARM
Revolutionary design which will detect blacts forfur motorists

Kit includes all components P C.8 sensor unit cledieated ce.,
and toll instructions Kit £17.53 Ready Built £20.75

 VU Meter 10 LED indicator; -5 to +12dB range. Kit £12.99
 Automatic light controller; automatically turns on and off

lights at preset times and triggered by darkness. Kit £25.08
 Mains Wiring and Metal Detector. R/Built £11.00
 Zenith Speech Processor. P-202. R/Built £25.00
 18 -Watt Car/Home Power Amp. 12 -Volt. Kit £13.23
 Amplifier Power Meter; 10 -LED indicator from

0.25 -100 -Watt Input - 9 volt operation. Kit £9.52
 Light-sensitive relay unit; variable sensitivity trigger

control; senses light or dark - selectable. Kit £8.45
ALL KITS CONTAIN FULL INSTRUCTIONS: P.C.B.s AND COMPONENTS.
ALL PRICES INCLUDE VAT AND POSTAGE & PACKING.
OVERSEAS ORDERS -ADD 10% TO ABOVE PRICES.
PLEASE SEND CHEQUE OR POSTAL ORDERS WITH ORDER.

Large SAE
26p stamp for

free catalo ue

4%1
Zenith Electronics, 14 Cortlandt Business Centre,

Hailsham, E. Sussex, U.K. BN27 1AE.
Tel: 0323 847973 Telex: 878334 O
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GAS ALERT
Greg Thompson promises not to set the world alight with this
top -spec gas detector design

Gas explosions in the home,
caravans and the like are
becoming virtually a daily

occurrence. The ETI modular gas
detection system will help to
reduce these horrific accidents.

The system will detect and
provide early warning of the
presence of domestic gas,
bottled gas based on methane and
explosive vapours such as petrol
fumes and other hydrocarbons.

Good Sense
Most inflammable vapour

sensors are based on what is
known as the 'hot-wire' principle.
This involves a small heater
element inside the sensor.

The sensor chosen incorporates
the usual heater element which is
designed to operate at 5V (±0.2V).
The sensor output is quite simply a
varying resistance.

This resistance remains stable
whilst the sensor is in clean air but
the resistance across the sensor
drops when gas or explosive
vapour is detected.

The heater element and
resistive detector are two ideally
independent circuits within the
sensor.

HOW IT WORKS

Power enters the circuit via a protective
fuse. The specified transformer
supplies about 10.5V on the +V rail.

C1, R1 and C2 form a smoothing
filter which acts as a safeguard should
the unit be powered from an un-
smoothed supply. IC1 Is a 5V regulator
from which the sensor and IC2 are
powered. C3 is an additional smooth-
ing capacitor.

LED1 and its series resistor R2 are
positioned across the supply rails to
provide power -on indication.

The heater element of the sensor is
fed directly from the 5V rails. IC2a acts
as a voltage comparator biased by
resistor R, and the sensor Itself. R3 and
C4 raise the input impedance and also
stabilise the op -amp inputs.

When the sensor detects gas its
resistance drops below that of R

causing the voltage at the inverting
input (pin 2) to swing negative which in
turn causes the output (pin 1) to go
high. The non -inverting input (pin 3) is
biased to half the supply potential by
R6 and R7 enabling the op -amp to
make its comparative decision against
the voltage at pin 2.

R10, C5 and R11, 01 form the time
delay stage. When gas is detected, pin
1 goes high which will after approxi-

mately 13 seconds take pin 5 high (the
non -Inverting input of IC2b).

If the gas dissipates within 13
seconds, pin 1 returns low (its normal
state). C5 then discharges through R11
and Dl. Pin 1 must remain high for the
full duration of the 13 seconds before
the final alarm is triggered.

Any brief encounter with gas will be
shown by the illumination of amber
LED2. This is turned on whenever pin 1
goes high via R9 and 01.

IC2b again serves as a voltage com-
parator also biased by R6 and R7. If gas
is detected for a longer period than 13
seconds the non -inverting Input (pin 5)
is held high causing the output (pin 7)
to also go high. When this happens 02
and 03 are also turned on thus
switching on the buzzer, red LED3 and
reed relay RLA1 via 03.

The coil of the reed relay also serves
as a series resistance for LED3.

Pin 8 and 14 of the relay form a single
pole switch. These contacts are
normally open and close when the
device is triggered.

Push-button SW1 when closed will
test the entire circuit. This takes pin 2
low via R4 in the same way that the
sensor operates when it has detected a
presence of gas.

FS1

20

R1
1R0
'/AN-A/VII.-.

C1 + C2 +
220u = 220u =.
18V 16V

IC1
5V

R2
1k5

SEN1

LED1
GREEN

Fig. 1 The circuit diagram of the Gas Alert

RL

(SEE TEXT)

1

C4
10n

Rd
4k7

2

"7"

R8
1k5

R5
470k

DI
+5V

410

R6
487

R7

LED2
AMBER

NOTE.
ICI - 7805
IC2 TA75358P
012,3  TBC548B
D1 - 1N4001

4

As with all hot-wire sensors,
respect must be given to current
consumption. The heater element
in this sensor will draw
approximately 170mA when
supplied by a 5V regulator. This
current drain compares favourably

with other available devices.
Talking of other devices, use

of the 'two dome' sensor/
compensator type detector should
be avoided. These detectors
consume more current and are
rendered useless if allowed to

absorb silicone. Gas alarms that
are utilised in domestic
applications can easily become
contaminated with the silicone
used in many household spray
polishes.

It may seem strange or even
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The Sensor
Whilst most of us are more in-
terested in the electrical and en-
vironmental characteristics of
the sensor, the physical philo-
sophers and philosophically fit
will be eager to learn how it
works. You will see from Fig. 2
that the heater element passes
through a small ceramic tube.
This is coated with a layer of tin
oxide, Sn02.

If tin oxide is heated in a
'clean air' atmosphere, oxygen is
absorbed into the surface layer.
The rate of absorption remains
constant at a given temperature.
If, however, a contaminant com-
bustible gas is introduced, this
will also be absorbed.

The reaction of a com-
bustible gas with the oxygen
causes electrons to be released
from the oxygen giving the tin
oxide greater electrical conduc-
tance. This all takes place
between the two electrodes at
either end of the ceramic tube.
The resultant factor is increased
conductivity which is equal to
the lowering of its electrical
resistance.

SENSOR

100.MESH SUS 316
STAINLESS

STEEL GAUZE
(DOUBLE)

RESIN MOULDING

NOBLE
METAL
WIRE

HEATER
COIL

Fig. 2 The hot wire gas sensor

absurd to incorporate a heater
element in a gas sensor as such a
system appears to be a source of
ignition itself.

The sensor type used here has
been vigorously tested in an
atmosphere of 2:1 hydrogen/
oxygen -a very explosive
mixture. These tests were carried
out under normal conditions and
with an internal spark, both
without causing ignition. This is
due to the extremely fine stainless
steel gauze used in the
construction of the sensor.

The sensor itself is an
internationally proven and
accepted device and we stress it
cannot itself be a source of
ignition. However, careful
consideration must be given to the

circuit and system in which it is
used.

It's OK for your electric toaster
to blow you off the face of the
earth but if your gas alarm does
the same, it's not on, is it?

It is worth pointing out at this
stage that due to relatively high
current power consumption it is
neither practical nor
recommended to operate such a
gas detector from dry cell or NiCd
batteries.

In our design we have
incorporated an independent relay
output in the form of a simple
single pole make switch. The relay
used is of the sealed reed type.
This is important as relay contacts
create a spark when thrown.

The relay output is included so
the detector can be used to trigger
existing alarm systems or any
external device for that matter.

Some of the more ingenious

readers may decide to develop
subtle luxuries such as switching
in your extractor fan to help to
'clear the air.'

You may well decide to do this
by using the internal reed relay to
throw an external mains relay.
Mains relays are usually of the
open type and will without doubt
cause a spark sufficient to ignite a
gas filled room. It's recommended
that a triac switching circuit be
used for switching in any mains
powered add-on.

We could also add that the
electric motor inside extractor
fans will also produce an arc from
its commutator brushes but for the
moment we'll assume most
extractor fans are sufficiently
sealed and in any event are
normally exposed to clean air on
one side.

Having scared the living
daylights out of you we will now

PARTS LIST
RESISTORS (1/4W 5% unless specified)
R1 1R0 1/2W
R2, 8 1 k5

R3 47k
R4, 6, 7, 11 4k7
R5, 12 470k
R9, 13, 14 10k
R10 82k

CAPACITORS
C1, 2 220p 16V radial

electrolytic
C3, 4 10n ceramic
C5 100µ 16V radial

electrolytic

SEMICONDUCTORS
IC1 7805
IC2 TA75358P

SW1
T1
BUZ1
PCB; 7 -way
and bolts.

01-3
D1
BR1
LED1
LED2
LED3

TBC546B
1N4001
W02
Green LED
Amber LED
Red LED

MISCELLANEOUS
FS1 500mA, 20mm fuse
RLA1 SPST 12v 1k0 coil DIL

reed delay
SEN1 Hot wire gas sensor

and matched
resistor
SPST push switch
7V mains transformer
Piezo buzzer

terminal block; case; nuts

0
6

RLA1
8 14
0 0 0

0 0 0 0 0 0 0

bI)PIN VIEW

IN

GROUND
5V OUT

2 3 4 5 6

ICI

Fig. 3 The component overlay for the Gas Alert

7

0
DETECTOR

SEN1

HEATER
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PROJECT: Gas Alert

tell you that the alarm will function
well before an explosive mixture is
allowed to accumulate.

The point at which a mixture of
air and explosive vapour or gas
will ignite is known as its lower
explosive limit (LEL). Such
mixtures are defined in parts per
million (PPM).

This is the molecular count of
explosive mixture per one million
molecules of air. The LEL is
dependent on the PPM - got it!

Our gas alarm system will
trigger when an atmosphere of
between 10% and 40% LEL has
been reached. This may seem a
rather large tolerance window but
it includes all explosive
atmospheres - methane (natural
gas), butane, propane and so on,
and other vapours (petrol,
methanol, ethanol, propanol Navy
Rum, etc).

Alarmingly Falsified
The time honoured expression

'false alarm' is a day-to-day saga in
the majority of warning and
detection devices of all types.
Sophisticated electronic devices
incorporating failsafe and fail
failsafe are normally so safe that
they fail to register anything or
they are continually being
triggered by just about everything
except the gas they were designed
for.

It's not a bit of good having a
gas detection system triggered off
by a quick squirt of hair spray or
cooking deposits in the air. It's just
switched off when everybody is so
fed up of grabbing their wallets
and purses and running out into
the street and going four or five
doors down the road to use
someone's phone (next door is too
near, they'll go up as well).

Now Hear This
The British Standards Institute

is in the process of receiving (this
is confidential you understand) a
draft proposal from British Gas in
respect of domestic gas alarms.
Although the document will delve
into meticulous detail of test
procedures involving gas
concentrations, temperature and
air pressure, notwithstanding wind
velocity, it would appear that some
of the more important factors have
been overlooked.

The whole purpose of an alarm
is to let someone know something
is happening. Quite sensibly, the
Standard has opted for an audible
alarm which it stressed must have
a sound level output of 85dB at
3m. Having delved into the depths

of Einstein's archives to create test
procedures it omits to specify the
frequency of the sound the audible
alarm should generate!

Well, British Gas, have you
ever heard 85dB at 25kHz? No,
that's not surprising because
neither has anyone else on this
planet. 25kHz is all very well for
dogs, they'll be saved!

It may well be that if you buy a
gas alarm that has been
manufactured to British
Standards, your first indication of
an imminent explosion is the dog
going berserk or your mynah bird
flat on its back in the cage pushing
up the daisies.

About 400-700Hz would be
more suited. However even at a
desired frequency, 85dB is
certainly not over loud. In an
average house you may have an
alarm installed in your kitchen. If
the kitchen door is closed, your
bedroom door is closed, it's the
middle of the night and you're
asleep, it is open to interpretation
as to whether you would hear an
alarm operating at this sound
pressure level.

The ETI system has an internal
buzzer rated at 75dB at lm but
serious provision has been made
for external louder audible
sounders positioned wherever
required. This is of particular
importance in larger houses.

Sensors
In the near future British Gas

may invite you (at your own cost,
of course) to have a gas detection

device fitting in your kitchen.
That's fine if you get a gas leak in
your kitchen but what about the
gas meter under the stairs, the gas
fire in the lounge, the central
heating boiler in the garage or
what have you.

In the light of that,
consideration should be given to
the installation of more than one
sensor in order to provide
comprehensive cover.

The ETI gas alert is designed
to operate from an AC or DC
supply producing 12V. Up to now
we have dealt with practical
considerations for domestic
installations and for this purpose a
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240V mains transformer is used.
Boats and (more so) caravans

are also prone to gas leaks from
faulty low pressure bottled gas
(LPG) systems.

This system can be powered
from standard 12V lead -acid car
batteries - the normal source of
power for boats and caravans. The
current consumption of around
200mA under normal working
conditions, would not be
considered a serious drain on
such battery systems.

The consumption of the unit
rises above 200mA when the alarm
is triggered but the last thing you
are going to worry about is a flat
battery if you're about to
spontaneously combust!

The Circuit
As previously mentioned, false

alarms are not acceptable in any
gas alarm system. The sensor
supplied for this project requires
no setting -up or calibration. Each
individual sensor has been
calibrated prior to leaving the
manufacturer's factory.

During the manufacture of a
complex device such as this
component, material tolerances
are unavoidable. The inclusion of
a resistor (R7.) which is supplied
with the sensor enables the device
to operate within the prescribed
parameters.

If you are assembling more
than one detector, care must be
taken to ensure each sensor and its
companion resistor do not get
mixed-up.

As a precaution it is
worthwhile measuring the
resistance of the resistor supplied
and writing its value on the side of
the sensor with a fine permanent
marker. You will need to use an
accurate digital meter if you
choose to do this.

IC1 acts as two voltage
comparators. As with the rest of
the components, a good quality
op -amp is chosen - the Toshiba
TA75358. In fact this is a dual op -
amp in an 8 -pin DIL package - an
LM358. It features distinct
advantages in a circuit of this type.

It is specifically designed to
operate on single supply rails, has
very low current consumption and
its output will swing fully low.

Whilst on the subject of
Toshiba, the TBC546B transistors
were chosen, again being a quality
device and are equivalent to
BC546. All right Tosh!

Construction
Assembling the Gas Alert

should provide no particular

5
OV OV VOUT

1 2 3 4
2

110V
6

7V
00 00

CONNECT
IN IN SERIES

220/240V
AC

CONNECT
PARALLEL

IN
PIN VIEW
TRANSFORMER
3VA 7.0 7.0

0VOV
3 7 0 0 0 0

5 6 7 8

4

VOUT7V110V
8

-II.

Fig. 4 The 7-0, 7-0 transformer supplied in the Live Audio Systems kit is
specifically designed to power the hot wire sensor. For UK mains it must be
wired up as shown

The Live Audio Systems Caravan/Boat Gas Alert along with mains transformer
and external siren modules.

problems, particularly if the
recommended PCB (Fig. 3) is
used.

In the recommended case, the
component leads should be
trimmed close to the board
underside to enable the backpanel
to be fitted.

The LEDs should be soldered
in first with 8mm sleeves over the
leads so that they stand proud of
the board at the correct height to
protrude through the case top.

The test button should be
soldered in next. It must be
positioned exactly vertical and
with careful comparison to the
height of the LEDs, again for
correct positioning. Although it is

a little awkward to have this test
button protruding throughout
construction, it must be fitted at
this stage since the amount of heat
required might damage more
delicate components. The nut on
the test button is unused and the
pins need trimming off.

The voltage regulator IC1 is
bolted flat to the board with its
pins at right angles. A small
heatsink may be placed on top
(held in place by the bolt) but this
is not imperative.

The fuseholders should be
installed with the fuses in place.
Solder in the tags and trim. Fit the
bridge rectifier and check its
polarity.
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The Caravan/Boat Alert.

The mains transformer module.

The External 85dB siren.

The House Alert.
The transistors and ICs can

now be fitted, again with attention
to their orientation. Solder the
relay into place, treating it like an
IC. If the relay is not required,
insert a 1 K0 resistor between
pinholes 2 and 6 to load LED3.

The transformer may be
mounted with an additional fuse
(500mA) in the mains live input if
desired. Rectification and
smoothing are performed on the
PCB. The transformer can either be
mounted in a plug -topped box or in
the complete unit with the alarm
sounder.

PCB

5 6

000

I a I

5 6 7

0 0 0 0 0 0 0

CONTACTS

N /0
CONTACTS

SECURITY SYSTEM

b I

Fig. 5 Using the Gas Alert with (a)
an external siren (9V) or (b) an
existing security system

Note that the sensor is a
rugged 6 -pin device which
requires no special handling
precautions. However, a device
such as this should be treated with
respect. Neither the heater
element nor the internal detector
are polarised - they have no
positive or negative supply
requirement.

The pinout configuration
ensures it cannot be inserted into
the PCB incorrectly (there are two
possible ways and either will do).
You will see from the pinout that
pins 1 and 3 of the sensor are
connected internally, as are 6 and
4. So, pin 1 or 3 and pin 6 or 4 are
the sensor's resistive detector. Pin
2 and 5 supply the heater element.

Testing
The unit can be tested by

pressing a cigarette lighter over the
sensor for about 15 seconds (don't
light it unless you want to melt
your PCB). The 'Alert' LED (LED
2) should light almost immediately
and the alarm should sound after
about 20 seconds.

If this doesn't happen (and the
supply voltages are known to be
operational) then check polarity of
components, terminal numbers on
the transformer and look for
soldering errors.

Installation
Some thought should be given

to siting the Gas Alert module or
modules. Try to place them near
likely sources of leaks - the
kitchen, gas meter, gas fires and

soon.
If used for detecting LPG

bottle gas, (butane, propane and
soon) the sensor should be 6-12in
from the floor (LPGs are heavier
than air). For domestic or other
natural gas, the sensor must be
about 12in from the ceiling as
these gases are lighter than air.

The placing of the extension
siren (if used) will depend on your
habits! Don't put it under the stairs
with the gas meter - unless you're
in the habit of sleeping there.

For use in caravans, I
recommend the module with
sensor and 75dB sounder in a
single box which simply connects
to the caravan's 12V DC supply.
Similarly for boats, where the unit
could be installed in bilges or
engine compartments to detect
excess fuel vapours.

It is possible to mount the
sensor away from the PCB (a case
is available to do this - see
Buylines). In this case resistor RL
should be wired across the sensor
(to maintain the resistive
calibration) not into the PCB. This
separate unit can then be
connected to the PCB using
lightweight 3 -core cable (do not
use screening as one of the
cores).

A louder extension siren can
also be fitted, powered via the reed
relay contacts. A suitable 85dB
siren module is available (see
Buylines). ETI

BUYLINES
Although many of the parts used for the
Gas Alert are available from usual
suppliers, some components are
specific to this project. These can be
ordered from Live Audio Systems, Unit
52, Tafarnaubach Industrial Estate,
Tredegar, Gwent NP2 3AA.

The gas sensor and matching 11,

resistor cost £10.95, the mains trans-
former £2.25 and the PCB £2.25.

A kit of the PCB, sensor and other
PCB -mounting components costs
£19.95.

A complete kit of the PCB, com-
ponents, buzzer and screen printed
case suitable for 12V caravan or boat
use costs £25.75. The small extension
sensor case costs £2.95. A box for the
transformer incorporating a built-in
mains plug is available for £2.75. The
extension siren module on its own
costs £4.50.

A larger kit including the PCB, com-
ponents, transformer, siren and a box
suitable for mains operation is avail-
able for £32.85.

All prices include VAT. Please add
50p per order for postage.

Please address all orders to Live
Audio Systems. Enquiries can be
answered on (0495) 717462 from 3.00
to 5.00pm.
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BEEB-SCOPE
Richard Penney finds there's scope for a scope on his BBC micro

Oscilloscopes are an
expensive piece of test gear
for the electronics hobbyist.

Flashy glowing knob -filled units
can have pricetags stretching into
the thousands and even the
cheapest are well out of birthday
present range.

This project is a low -frequency
four -channel oscilloscope which
is basically a fast analogue to
digital converter that adds onto
your BBC micro using the 1 MHz
bus.

A model B BBC is specified
because the software needs to
poke directly to the screen
memory and to the FRED page of
the 1 MHz bus to optimise running
speed. Models with shadow screen
RAM can be used provided this is
disabled first. The software can be
adapted relatively easily to suit
different screen addresses.

The circuit diagram for the
Beeb-Scope is shown in Figs. 1
and 2. The Beeb-Scope has four
inputs (only one is shown) with

input resistance switchable up to
-IMO on DC coupling. On AC
coupling a 1110 capacitor C1 is
placed in series with this (such a
large capacitor ensures there is
minimal additional attenuation
and phase -shift even at low
frequencies).

The four inputs have range
switches to select one of nine full-
scale input voltage ranges - 0.5V,
1V, 2V, 5V, 10V, 20V, 50V, 100V
and 'infinite.' On AC coupling
these refer to the peak levels not

SK2

SK 1

Cl
1p0

SW I

DC

AC R1

SK3 200k

R2
200k

R3
200k

R4
200k

R5
120k

R6
20k

R7
20k

R8
20k

R9
12k

RIO
2k0

R11
2k0

R12
2k0

R13
2k0

NOTE:
ICI = 74HC435 1
1C2 = LF351
01 = BC184L
Q2 = BC214L

SW2

R15 18
ALL

XO Vcc
X1

0- X2
0- X3

Fig. 1 The analogue and power
circuits of the Beeb-Scope
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R26
43k
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TATiR 0-- D CLK
+5V -4 IC9a

Vcc
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c). ---L77

F ROM PSU CI

5
OV

I 4n7r TO PIN 7 OF
C6 ALL DIGITAL ICs
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ALL DIGITAL IC

Fig. 2 The digital circuit
of the Beeb-Scope
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R28
390R
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NOTE:
C35,6 = LF351
C4 = ZN427E-8
C7 = 74LS126
C8 = 74LSO4
C9 = 74LS74
C10 = 74LS02
C11,13= 74LS08
C12 = 74LS27

C4

HOW IT WORKS

The circuit diagrams are shown in Figs.
2 and 3. For an explanation of the ciruit
we shall concentrate on channel one of
the unit.

Inputs come (directly or via a

capacitor) from BNC socket (SK1 ) or
terminal post (SK2, 3) to an input
attenuator consisting of resistor chain
R1 -R13 tapped at various points by a
rotary switch SW2.

This switch determines the input
sensitivity and couples the input to
analogue switch IC1 which provides
channel switching under software
control. The selected channel signal is
amplified by a factor of 6.375 by IC2,
thus boosting the input FSD (from the
attenuator) of 400mV to 2.55V (suitable
for the ADC chip on the digital board).

The gain is slightly variable (by RV1)
to allow maximum accuracy to be
obtained. Even uncalibrated. However,
the unit is adequately accurate for most
uses.

Overload indicators LED1, LED2 are
driven from the output via a potential
divider and two transistors. The first

starts glowing for inputs above 80%
FSD and one each is provided for
positive and negative levels In excess
of FSD.

The amplified signal now goes to the
digital board where it feeds the
analogue to digital converter (IC4). An
operational differentiator is used to
derive a rising -edge pulse.

Most of the ICs on the digital board
are concerned with decoding the
signals available on the 1MHz bus to
ensure access to the device only on
receipt of the correct addresses from
the computer.

The data -bus is connected directly to
IC4, as this has tri-state outputs. A
simple potential divider is used to
ensure that inputs in the range ±2.55V
are fed to IC4 as 0 to 2.55V. The data
bus is also connected (via various
buffers) to the rising -edge and external
trigger signals and to the channel -
select pins of IC1 on the analogue
board.

The external trigger input is simply a
TTL input configured in a 'monostable'

arrangement. An 'In -use' indicator is
driven by this board, which lights when
the board is being accessed by the
computer.

The device is memory mapped to the
BBC micro's 1MHz bus as shown in
Table 1.

The power -supply is a simple unit
using a PCB -mounting mains trans-
former and standard 78M05 and 79M05
voltage regulators to fulfil the ±5V
power requirements of all the
electronics.

&FCCO Write: Channel selection
(0-7) start conversion
(9µs)

Read: Bit 6=External trigger
pulse
Bit 7=Rising edge
pulse (high=rising
edge)

&FCC1 Write: start conversion (911s)
Read: Read digital voltage

level
Table 1 Addresses used by the Beeb-
Scope
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Fig. 3 Wiring for input attenuators and PCBs

EXT
TRIG 3 0 1 2

CHANNEL INPUTS

the RMS levels. The infinite range
grounds the input to the ADC.

The levels can be easily
changed by altering the
attenuation resistors. If you decide
to do so, bear in mind that at FSD
the attenuators should yield
400mV and that keeping a suitably
large resistor between the most
sensitive input and the analogue
board is sensible. This will avoid
blowing the protection diodes
should the maximum input be
exceeded.

Calculating the resistor values
is simply a matter of applying
potential divider theory to the
situation. Start with the least
sensitive input and work up the
resistor ladder.

Each input is protected by two
1N4148 diodes in inverse parallel.

Both the analogue switch
(101) and ADC (IC4) are fairly
tolerant of excessive inputs but the
diodes provide a simple and
effective way of avoiding damage,
keeping inputs to the switch
between ±0.65V. These diodes
also protect the analogue switch,
which is a CMOS device, against
static charges when a particular
channel is unused.

The primary purpose of the
analogue switch is to alleviate the
need for swapping over input
leads when monitoring various
signals and not to provide a full-
blown dual (or rather quadruple)
trace display.

A multi -trace display is only
practical for low frequencies
(under 500Hz) since if the switch is
`flicked' too rapidly, a meaningless
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PROJECT: Beeb-Scope

10 MODE4iVO4J23182021010101
20 DIM mc% 4095
30 varm478izomi7Osparm180
40 FOR AXmO TO 2 STEP2IP%mmc%1COPT A%
50 .scope
60 LDA-11255.STA169C7
70 LDAS0I8TApar.0 \ channel
BO LDAbliSTAparml \ sampling speed
90 LDANOISTApar+2 \ expand
100 LDAMOI8TApar+3 \ fast sampling
110 1DA012719TAparm5 \ trigger level
120 LDA*0iSTAvarm7 \ param. under c

ursor
130 LDA041LDX011JSR1FFF4iJ8Rpcurs3BEI
140 .scplpiLDXpareLDAparm3e9E0s1o.1.19R

fliampl3MPslom+31.slowiJ8Rsample3JSRexpan
diaMplotsJSRparamiJMPscplp

150 .plot
160 LDA0128iSTAvariLDAMOISTAvarm1i8TAv

ar+2iLDX410
170 .plIpILDAoldd,XIJSRplotpiLDAdata,X

sCLCiADCpar+7,STAoldd,Xi.ISRplotp
180 INXiLSRvare9CCo1lpiLDANI2Bo8TAvarm

LDAvarm1iCLC,ADC1181STAvar+11LDAyar+21ADC
4101STAvarm2(CPX001BNEpllpeRT9

190 .plotpiSTAxpILDA*OiSTAxpmliABLzpeR
OLzpmliLDAzpiCLCiADCOypos MOD256i9TAxpiL
DA:p+leADCOypos DIV25618TAzomliLDY100.LDA
(2p),YiBTAxp+211NYiLDA(zp),YISTAxp+3
200 LDAzpm21CLCiADCvar.liBTAxp.21LDAzp

+31ADCmar.2eSTAxp+31DEYILDAyar1EOR(xpf2)
,YeBTA(zp+2),YeRT8

210 .expandoLDApar+28BNEfimptokiRTSi.wm
ptokiSTAzp+71.empt1p2uLDX0127,LDY1254i.w
xptlpiLDAdata,XISTAdata,YaDEYoDEY:DEXIBN
Eemptlp
220 LDXMOI.exptlpliLDAdata,XICLCIADCda

ta.2,X,RORAiSTAdataml,X.INXIINX,CPX02541
BNEffmptlpiiDECzp+718NEemptIp2,RTS

230 .samplei9TX1IFCCOeJ9RyftrigsLDY*0
240 .samlpILDA&FCCII9TA&FCCIISTAdata,Y

ILDXparmli.samlpliDEXeBNEsamlpliINYiBNEs
amlpiRTS

250 .1samp.STX&FCCOIJSRyftrigoLDY410
260 .fselpILDALFCCiaSTAIFCCliSTAdata,Y

iNOPINOPilNYIBINEfsmlpiRTS \ main loop -22
c's -90kHz

270 LDAMFE4DiAND01sBNEntrig
260 .wftrigiLDY00iSTY1FCCI
290 oyftiLDX041..oftleLDA&FCCOiNOPoNOPI

SPLmftoNOPiNOPiNOPINOPiDEXeBNEwItl
300 LDALFCCliSTALFCC1ISEC,S8Cpar+51CMP

412:9CCtrigICMPM255iBCStrigeDEY.BNEwft
310 .ntrigiLDX020419TX46E48,RTS
320 .trigoLDX100iBTX16E481RTS
330 .param
340 LDX01981JEIRkeys9PLtrdIJSRmup
350 .trdiLDX02141.18RkeyoBPLtrliJSRmdn
360 .trliLDX41230iJSRkeytEeLtrrIJSRmIt
370 .trriLDX11134iJEIRkeysSPLtrneJSRmrt
380 .trniLDApar+8,BEOparamoutsLDX410sLD

Y0901.de1iDEXeBNEde1.DEYIBNEde1iBEOparam
i.paramoutiSEIsATS

Listing 1 The BBC Basic/assembler

390 .keyiLDA0129iLDY112551.18R&FFF4iTYAI
RTS
400 .pcursiLDAvar.71E0R031.STAxpiLDAY0

:11TAxp+IiLDX*4i.pcIpeASLxp.ROLzp+1iDEXiB
NEpclp
410 LDAzpiCLC,ADCMypos MOD256(STAzpiLD

Azp+11ADCaypos DIV256eSTAzp+1iLDY00
420 LDA(20,Y1C1CiADCIlliSTAzp.2,1NYILD

A(xp),YeADC*11STAxp+3.DEY
430 LIM155i.pclpliLDA(zp.2),YIEOR0255:

STA(zpm2),YIDEY,SPipclplIRTS
440 .mupoLDAvarf.7181EmupokiRT91.mupoks

JSRpcursiDECvar+78.1MPpcurs
450 .mdniLDAvar+71CMPS3IBNEmdnokIRT9:.

mdnokiJSRpcursoINCyarm7i3MPpcurs
460 .ffiltILDYvarm7ILDApar,YeCMPesinp,Y.9

NEmltokiRTSi.mltoksSEC.SBCNIeSTApar,Y13M
Pc opt

470 .artiLDYyarm7iLDApar,YaCMPmamp,Ye9
NEmrtokiRTSt.mrtokoCLCiADC*I18TApar,Y:38
Pcope

490 .pchar19ECiSBC0132,11PtpchokiRT91.pc
hoktSTAzp+4iLDANO18TAzp+51LDX031.pchlpiA
SLzp+41ROLzp+51DEX1BNEpchlpILDAxp+5,CLC1
ADCMICOoSTAxp+5

490 LDY117i.pchlpliLDA(zpm4),YiSTA(zp+2
),YeDEYIBPLochlpliLDAzp+2iCLC:ADC*BISTAz
p+21LDAzp+3:ADC1/01STAxp+3:RTS

500
510 .copiuLDAyarm7IASLAiCLCIADCyar+71A

DCOsot MOD256.STA:psLDANset DIV2561ADC110
iBTAxp+Ii.IMP(zp)s.set
520 JMPchanmJMPtimbasiJMPemptiJMPfsts
530 .chaniJSRstupposILDApartCLC1ADOS48

eJSRpcharOMPpcurs
540 .timbaseJSRpcursiLDXparmliDEX:STX:

p1LDABOISTAxp+IILDX4121.tblpiABLzpIROLzp.
loDEXIEINEtblpiLDXpar+liDEXITXAICLCiADCzp
eSTAzpiLDAipmliADC*OiSTAzp+I.LDAzpiCLCNA
DCO251STAzpiLDAzp.1iADCM0tSTAxpm1
550 LDA*20018TAzp+61J8RdecaLDAM2019TAx

p+6:J9RdociLDA412iSTAzp+61JSRdec
560 LOAxp+21CLCIADCMBoSTAzp.21LDAxp+3.

ADC*O1STArp+3ILDAzpiANDIIIRIBECItbokoLDA4153
:JSRpchariJMPtbokli.tbokILDAM4BIJSRpchar
i.tbokle.IMPpcurs
370 .exptiJSRstupposILDAparf2sCLCsADCO

48:39RpcharIJMPpcurs
590 .fstseJSRstupposmLDAYASC.N.iLDXpar

+31BEOfstokILDA*ABC"Y.e.fstokeJEIRpchara.1
MPpcurs
590 .stuppossJSRpcursILDAzp.21CLCIADCM

4SiSTAxp+2.LDA.0.31ADCMOISTAzpm3eRT8
600 .deciLDX001.dyclpiLDAxp+1.15NEdecok

11..DAxpeCMPzp+6113CCdecokli.docokiLDAxp18E
C18BC.pm6iSTAzpsLDAzomle88CNOISTAxp+I1IN
XiBNEdeclp..decokliTXMCLCIADC1148,JMPpch
sr

610 .minpil1.P74m1000001001P%mP%f4e(OPT
AX
620 .maxpili.P%m1.0104FF07sPX.PX.4mCOPT

AX

program to operate the Beeb-Scope

630 .datailiFOR 11%m0 TO 252 STEP4111%!P
XmOINEXTsP%mP7.+256eIOPT A%

640 .olddil.FOR 13%.0 TO 252 STEP4e8%.1.
XmiE1013080901NEXTePX.P%+256i(OPT A%

650 .ypos(11PX.P74m5121[OPT AX
660 ),NEXT
670 REM This calculates the screen add

for each possible V position
660 FOR C%-0 TO 31sAXm45800+(31-CM*1.1

40,FOR Y%m0 TO 718XmA%+(7-YX)i7(ypos.(C%
m16).01%.2).8% AND 255,7(ypos+(CXa16)+VX
2.1).S% DIV256sNEXT,

690 OCOLO,1,FOR 'M.:, TO 128 STEP (128/
5),FOR XX.0 TO 256 STEP (256/16)iPLOT 69
,X%.4,512+(am4)8PLOT69,X%.4,512-(Y%.4),
NEXT,

700 EICOL3,1.MOVE0,512mPLOTI,1020,0
710 REBTORE74O,FOR 04%m1.5900 TO 45CC111 8

TEP /1401FOR 87,0 TO 52 STEP4,READ !(AX
13%),NEXT,
720 ?maxpm3eREM this should b set to

the highest channel number
730 CALLscope
740 DATA 445552500,125554547,1157552500

,155555577,174545700,457545476,140404000
0170404040,10,10,10,10,17E6E663C,13C6676

\ channel
750 DATA 17E6E663C,13C6676,119183810,1.

7E1819,1C06663C,17E3018,418000000,118,16
7C607E,13C6606,1444625452,110181,112804020
,1429AAB3 \ time base
760 DATA 162457500,1754545,455556200,1

454567,175555600,1565575,10,10,10,10,144
000000,444281029,17E6E663C,13C6676 \

expand
770 DATA 132223900,4222223,191A11900,4

819989,18000,10,10,110,10,10,110,10,17E766
666,166666E \ fast

output is obtained. The longer the
delay between switching and
sampling, the more this effect is
avoided.

Once locked onto one channel
the user is totally oblivious to this
effect. The switching effect does
not limit the device's use as a low-
cost multichannel voltmeter.

The circuit as it stands does
not have a sample -and -hold
module and the prototype
functions perfectly normally
without it. The trace is smooth,
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even when approaching the
highest displayable frequency.

Construction
The prototype was built with

four input attenuators although
the analogue switch and software
can cope with up to eight. To keep
costs to a minimum, just one or
two could be used.

The components used only in
additional inputs (beyond the one
illustrated in Fig. 1) have prefixes
100, 200 and 300, so omit some or

all of these if you are using less
than four channels.

More inputs can be added by
replacing each of the 1 MO pull -
down resistors R15 -R18 (which
represent channels 4, 6, 7 and 5
respectively) with further
attenuators and protection diodes.

The Tedious Bit
Construction should be

started with the input attenuators,
made by soldering resistors
directly to the tags of the rotary
switches as shown in the wiring
diagram (Fig. 3).

This is a tedious task
(increasingly so with larger
numbers of channels) but care
should be taken to avoid errors
which can be difficult to correct.
Remember to set the stop on the
rotary switch to allow nine
positions.

Fun Bit
Assembly of the PCBs is quite

straightforward. The power supply

29



IC15

C9

C10

ov *

V

.

LED4

Cl3 0+

C140+

IC14

C C11 )
C12

. .
0 6 0 6

T1

Co

C

NEUTRAL LIVE

Fig. 4 The component overlay for the power supply board
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board is probably the best to start
on. (Fig. 4).

Assembly order here is not
critical. However, it is wise not to
insert the transformer until last.
Bend the regulators so they lie flat
against the board, to make them
less vulnerable. This unit should
be tested, to ensure the +5V and
-5V supply rails are at the correct
voltage.

Connect up a temporary
(though not slipshod) mains
supply. Care should be exercised,
as 240V mains will be present on
the underside of the transformer.

If all is well, the analogue
board should be assembled next
(Fig. 5). Again, assembly order is
not critical as there is plenty of
space on the board. Care should
be taken when handling IC1 which
is a CMOS device. This should be
the last device to be inserted and
an IC socket is essential.

The board can be partially
tested at this stage by applying
power and attaching a suitable
signal (a signal -generator is by no
means essential -a tape recorder
is quite sufficient) to R23 and
checking that this appears
amplified at the output of the
board and that the overload
indicators light when they should
do.

Lastly the digital board may be
tackled (Fig. 6). Start with
resistors, capacitors and diode,
then insert the IC sockets, presets,
links and finally the ICs
themselves.

There are a number of links,
including some on the underside
of the board. There are five pairs of
points which must be linked by
insulated lengths of wire on the
underside of the board. These are
shown on the overlay as bracketed
numbers. Link (i) to (i), (ii) to (ii)
and so forth.

An extensive system of flying
links is used above the board to
carry power to the IC's. Wires are
simply soldered at one end in the
holes in the PCB and at the other
to the bus -bars formed from
tinned copper wire at the top of the
board. Use suitably coloured wires
to help avoid (possibly expensive)
errors.

Testing
It is prudent to make a

thorough check of this board
before soldering in the IDC cable
and to do all possible checking
now, as errors are far easier to
correct before the whole device is
put in a case.

After preliminary checking,
link up the power -supply lines to
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PROJECT: Beeb-Scope

PARTS LIST
RESISTORS (all 1/4W 5%)
R1-4, 101-104,
201-204,301-304 200k
R5, 105, 205, 305 120k
R6-8,31,106-108,
206-208,306-308 20k
R9, 109, 209, 309 12k
R10-13, 110-113,
210-213,310-313 2k0
R14, 37 1k0
R15-18, 23 1 MO

R19-22, 35, 36 4k7
R24, 33 100k
R25 510k
R26 43k
R27 11k
R28 390R
R29, 30 7k5
R32, 34 10k
R38 150R
R39 82k
R40 330R
RV1 47k
RV2-5 10k

CAPACITORS
C1, 101, 201, 301 1110 polyester

C2 10n ceramic
C3 41.17 16V radial

electrolytic
C4 100p ceramic
C5, 6 4n7 ceramic
C7, 8 1000µ 16V axial

electrolytic
C9, 10, 11, 12 470n polyester
C13, 14 47p 25V radial

electrolytic
SEMICONDUCTORS
IC1
IC2, 3. 5, 6
IC4
IC7
IC8
IC9
IC10
IC11, 13
IC12
IC14
IC15
01
02
D1, 2, 3, 101, 102,
201, 202, 301, 302
BR1

74HC4351
LF351
ZN427E-8
74LS126
74LSO4
74LS74
74LS02
74LS08
74LS27
78M05
79M05
BC184L
BC214L

1N4148
WO1

LED1, 4
LED2
LED3

Red LED
Green LED
Yellow LED

MISCELLANEOUS
CON1 34 -way IDC PCB

header, 34 -way
IDC socket
34 -way ribbon
cable

FS1 80mA anti -surge
fuse

SK1 4, 101, 201 BNC 50R socket
SK2, 102, 202, 302 Blue terminal post
SK3, 103, 203, 303 Green terminal

post
SW1, 101, 201, 301SPDT toggle
SW2, 102, 202, 302Rotary 1P12W (9

positions used)
SW3 Mains neon rocker

switch
T1 PCB -mounting

mains transformer
6-0-6V 500mA

PCB; case (300 x 150 x 90mm); wire;
fuseholder; nuts and bolts
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PULL-UP

RESISTORS

D5.12 k k

EXT TRIGGER

mn I /7477 I mn I/7777

CHANNEL INPUTS (FROM ATTENUATOR)

Fig. 5 The component overlay for the analogue board

each board (make sure of the
polarity) and hook-up the ribbon
cable to the computer. Apply an
audio signal to each of the inputs
in turn and check that by poking
the channel number into &FFCO,
you can obtain the signal at the
output of the analogue board.

Now ground one input, select
that channel (poke the required
channel number to &FCCO) and
then read &FCC1, which should
yield a value between 122 and 134.
Interference from nearby TVs and
the like may prevent the value from
being stable until the unit is
properly screened.

With the unit in the case, glue a
piece of metal (a scrap piece of
aluminium is ideal if you have such
a thing - about 50mm square)
between the digital and power -
supply boards and link this to
earth. This will screen the ADC
from the transformer and is
noticeably beneficial.

Links from the attenuators to
the analogue board should be
made with screened cable
(ordinary audio -frequency type is
fine). Most types of wire can be
used for the connections to the
external trigger input, LEDs and
general links between the PCB's.

Tuning
The operational differentiator

now needs to be 'tuned.'
For each op -amp on the digital

board, short together the two
inputs of the op -amp (pins 2 and 3)
using a screwdriver and adjust the
pre-set until the output voltage
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PROJECT: Beeb-Scope
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Fig. 6 The component overlay for the digital board

(pin 6 to ground) is as close to
zero as possible).

The op -amp on the analogue
board can be 'tuned' by linking
R23 (either end) to OV and
adjusting the offset -null preset
(RV2) until the output is as close to
zero as possible. The gain of the
op -amp can now be 'tweeked' by
applying a known voltage,
between 250mV and 350mV, to
R23 (again, either end) and
adjusting the preset (RV1) so that
the input is amplified by a factor of
6.375.

Software
A program in BBC Basic and

assembler is given to allow basic
operation of the unit (Listing 1).

Those parameters which can
be altered are displayed at the top
right of the screen. The parameter
for alteration is selected with the 1\i'
and keys and the value
incremented or decremented with
the <= and keys.

The time base is given in kis/
point, there being 256 points
across the trace. The 'Fast' option
allow the fastest possible sampling

(11 kis/point) to be achieved. The
'Expand' option allows the time -
base to be halved, quartered and
so on, with intermediate points
being added between the genuine
readings.

Remember to take into
account the settings of these three
options when calculating
frequencies, periodic times and
the like. ETI

BUYLINES
The 74HC4351 (IC1) is stocked by
Maplin (part no. UF140). Note that
both 18 and 20 -pin devices exist. The
PCB is designed for the 20 -pin version
only.

The case used for the prototype is
also as supplied by Maplin as part no.
YM51F.

The IDC cable used to connect the
unit to the computer is most easily
brought ready assembled. Maplin offer
a service for making up such leads, for
a small fee.

The PCB Is as ever available from the
PCB service.
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Brainwave
monitor

a BETA Concentration, a ALPHA - Relaxation, a THETA - Imagination,
problem solving, active pleasure, tranquility, creativity, hynagogic
thought positive feelings Imagery.

BRONIAINWAVE

MOPARTS
scR.,.

ONLY

90
VAT

This unique project will allow you to hear your own brainwaves! Through a simple training
program you can learn to control them and achieve peak performance in all situations. It will
revolutionise your life!

The approved parts set contains: two PCBs; all components, including three PMI precision
amplifiers; shielded box for screening the bio-amplifier; attractive instrument case with tilting
feet; controls, switches, knobs, plugs, sockets; leads and brass electrodes, full instructions for
assembly and use.
Parts are available separately. We also have a range of accessories, professional electrodes,
books, etc. Please send a stamped, self-addressed envelope if you just want the lists.
Otherwise, an SAE + £2 will bring you lists, construction details and further information.

THE ALPHA
PLAN
Can you really train your
mind to think more
effectively? Can you really
excel at things you're
'no good at?
The Alpha Plan has all
the answers!
£2.50 (no VAT)

TBe

hiiuripK

SILVER SOLUTION

Just wipe on with a cloth to plate
PCB tracks. connectors, wire,
component leads, coins or
hosehold ornaments with a layer
of pure silver. It must be magic!

.t.":_te LARGE BOTTLE (150mI)
SILVER SOLUTION £11.20 + YAP

OWER
CONDITIONER

As featured in ETI. January 1988. The
approved parts set contains PCB,
case, toroidal cores, class X and Y
capacitors, VDRs, ICs, transistors,
LEDs, all components, and full
instructions.

Parts are available separately.
Please send a stamped,
self-addressed envelope
if you want the lists.
Otherwise, an SAE + £1
will bring you lists,
construction details
and further
information.

0 0 0

 For those who will only be satisfied with the best
 Use with Hi-Fi, computers, radios, TV sets to eliminate

mains -borne interference
10 LED logarithmic display shows the amount of interference
removed

 Massive filter section with thirteen capacitors and two current -
balanced inductors

 Bank of six VDRs to remove transients and spikes
 Suppresses common mode and differential mode interference

Complete Pmts Sets for ETI Projects
FEATURED IN ETI.
MARCH 1988

JUMPIN' JACK
FLASH
is.
 Lighting wizard - brings

any rock band's stage
performance to life!

 Sound operated flash - photograph
bullets in flight!

 Voice switch and sound to action
controller with endless applications

The parts set consists of a high quality
PCB and all components. ICs. opto isolator
triac, heat sink, pots etc. to build the circuit
board. What you do next is up to you!
The ETI article, supplied free with every
set. shows how to make the most of J.F's
capabilities.

JUMPING JACK FLASH £6.90 VAT

SPECIAL
OFFERS

AD7541 Precision 12 -bit multiplying DAC 01.20 a- VAT
LM3524 Switch mode regulator IC 00.80 VAT

CF 585 Calculator IC E1.00 VAT

LM339 Quad comparator IC 3 for £1.00 + VAT
MC1458 Dual op -amp 3 for El .00 e VAT

All ICs supplied with FREE DATA.
Prices apply only while stocks last.

KNIGHT RAIDER
FEATURED IN ETI, JULY 1987

The ultimate in lightog enacts lor your Larnborghoi Mammal, BMW
for any other car, Ian that matte, Picture Ns eight powerful lights in
line aiong the Iron. and eight along the rear You flick a switch on the
dashboard control box and a point of light moves lazily from fell .o
night leaving a comet, tail behind it Flip the switch again and Me
point of light becomes a bar. bouncing backwards and forwards
yprg rteM

LED clray'renVii:gZt=
are dong
The Krogh. Basler can be lined to any car et makes an excellent log
lighli) or with Ow powered bulbs,. can turn any child's pedal car or
boy. into a Spectacular TV -age toy,
The cwtra box pans set consists of case. switches. LEDs. PCB
oonponents. hardware end ostructons The sequence board
oncoudes PCB ICs power FETs components hardware and
instructons

KNIGHT RAIDER CONTROL BOX ONLY
£6.90 + VAT,
KNIGHT RAIDER SEQUENCE BOARD ONLY
£13.90 VAT'

LM2917
EXPERIMENTER SET
Consists of LM2917 IC. special printed circuit board and
detailed instructions with dais and circuits for eight
different projects to build Can be used to expenment
with the circults in the 'Next Great Lillie IC feature
IETI. December 19861

LM2917 Experimenter Set £5.80 + VAT

MATCHBOX
AMPLIFIER
FEATURED IN ETI,
APRIL 1986
No ordinary amplifiers.
these. When our first
customers took an
interest, it was for the
diminutive Size (boats
modules will lit in a
matchbox!), the total disregard for power supplies and
speaker impedances, and the impressive power output
horn these little amplifiers When they re -ordered, it was
for the sound quality

Two amplifier modules were descnbed, both based on
the powerful L165V IC The single IC version will deliver
over 20 Watts with a suitable speaker and power supply
The bridge version can provide up to 50W! Although the
specified supply voltage and speaker impedance must be
used to achieve maximum power. both modules ate quite
happy to work from any voltage between 12V and 32V and
well accommodate any type of speaker. The bridge version
is ideal for giving a boost to car HiiFi systems, driving two
4 Ohm speakers on parallel on each channel for best effect

Both designer -approved pans sets consist of a roller
tinned printed circuit board and all components. The
L I65V ICs are also available indivodually, with a free mini
data sheet giving specdocations and suggested circuits.

SINGLE IC 'MATCHBOX BRIDGE L tI35V IC.
AMPLIFIER SET AMPLIFIER SET with data
120W into 4 Ohms) (50. onto 8 Ohms,
£6.50 + VAT £8.90+ VAT £3.90+ VAT

RUGGED
PLASTIC CASE
suitable for mains conditioner
and mains controller

ONLY £1.65 + VAT

POWERFUL AIR
IONISER
FEATURED IN ETI,
JULY 1986
Ions have been described
as 'vitamins of the air' by
the health magazines,
and have been credited
with everything from
curing hay fever and
asthma to improving concentration and putting an end
to insomnia. Although some of the claims may be
exaggerated. there is no doubt that ionised air is much
cleaner and purer. and seems much more invigoratong
than 'dead' am.

The DIRECT ION ioniser caused a great deal of
excitement when it appeared as a constructional project
in Ell. At last. an idraser that was comparable with
(better than') commercial products. was reliable. good
to build and fun, Apart from the serious applications,
some of the suggested experiments were outrageous,

We can supply a matched set of parts, fully
approved by the designer. to build this unique project
The set includes a roller tinned printed circuit board.
66 components. case, mains lead, and even the parts
for the tester. According to one customer, the set costs
'about a third of the price of the individual components
What more can we say'

DIRECT ION PARTS SET Instructions
WITH BLACK CASE £11.50 + VAT are
WITH WHITE CASE £11.80 + VAT included

LEDs
Green rectangular LEDs
for bar -graph displays.
50 for E3.50 500 for E25
100 for £6 1000 for £45

DIGITAL AND AUDIO EQUIPMENT I LEDs
Assorted 3mm LEDs! red, green, yellow and
orange. 25 of each (100 LEDs) for £6.80

Prices shown are exclusive of VAT, so please
add 15% to the order total. UK postage is 70p
on any order. Carriage and insurance for
overseas orders £4.50. Please allow up to
14 days for delivery.

SALES DEPT.
ROOM 107
FOUNDERS HOUSE
REDBROOK
MONMOUTHLIMITED GWENT
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JUMPING JACK
FLASH
Clap hands here comes Chappell (Paul) with a sound -activated
trigger for light shows on the stage or curtain -drawing in the
home

Back in the golden days when
the world was young and
electronics was fun, before

designers became obsessed with
creating ever more sophisticated
multi IC circuits, a great deal of
enjoyment was to be had from the
simple pleasure of trying to
squeeze the most spectacular
performance from the smallest
number of components.

If your sensibilities have been
jaded by auto -ranging multi
functional megachips and rubbed
raw from exposure to high-tech
gadgetry, just call on J J Flash to
bring a breath of fresh air into your
life.

Rumour has it that Jack Flash
was born when some friends
known collectively as Filament
started to achieve notoriety
around the local pub and club
circuit with their special brand of
rock music.

For a simple way to give
impact to their stage presence,
Flash had all the answers. A
microphone in the bass drum
would pick up the driving beat of
the song and relay it to powerful
lights which could be trained on
any member of the band or even
on the audience. For an
outrageously OTT effect, a
microphone and 100W lamp inside
each drum would cause the drum
itself to flash each time it was
struck!

Of course there are those who
would dispute this version of JJ's
provenance. Many say that he was
called into being as an aid to
photography. Capturing a balloon
about to burst and a bullet in flight
are his finest achievements, they
claim. Yet others insist that his
main talent is in his versatility as a
capable and powerful sound to
action controller.

But what of the man himself?
What did Flash claim to be?
Perhaps we will never know the
truth behind the legend but the

story of his life may shed some
light on one of the most intriguing
mysteries of our time.

Jumping Jack Flash Is A
GaAs
One matter which is

undisputed is JJF's circuit. It is
shown in Fig. 1.

To the left, a microphone picks
up sound vibrations and converts
them to an electrical signal. This is
amplified by an amount set by RV1
and fed to a circuit which
responds only when the peaks are
above a pre-set level. A timer IC
(the good old 555) is triggered by
the peaks and gives a pulse of
controllable length at its output.

The pulse drives an opto
isolated triac, which drives a
power triac, which in its turn drives
a lamp. All 500W of it!

The experience of operating
the circuit in a small room is not to
be missed - it gives a ridiculous
sense of power to have every snap
of your fingers accompanied by a
blinding flash of light. Five
hundred Watts in a living room is
bright!

The length of the flash is set by
RV2 - anything from the briefest
supernova to several seconds of
atomic blast. For a more restrained
effect, you can use lower powered
bulbs or coloured lamps.

For use on stage, the
sensitivity control RV1 will have to
be set very low and the
microphone positioned so that it
responds to the sound you want.

To pick up a hand clap from the
opposite side of the room, it will
have to be set somewhere near the
maximum.

Construction
The component overlay for the

PCB is shown in Fig. 2. There is
nothing to cause any difficulties
here.

The only point to watch is the
mounting of the triac which must
make good contact with the
heatsink if the circuit is controlling
a respectable amount of power.

First lay it on the board with
the hole in its tab over the
mounting hole in the PCB. You
can then judge exactly where to
bend the leads. Bend them at right
angles to the body of the triac (not
too sharply, or you'll weaken
them) then insert the triac leads
temporarily into their holes to
check that the tab hole is aligned
with the PCB hole.

Take the triac away from the
board, smear the tab with a little
heatsink compound then bolt the
triac to the heatsink and PCB
before soldering the leads. A flat
washer between the bolt and the
triac tab will help to spread the
pressure and to prevent the tab
from becoming distorted.

Figure 3 shows a suitable
power supply for the circuit. Fig. 4
is a suggested layout for the
circuit in a small plastic hobby
box. There is no need to use a PCB
for the power supply unless you
are really keen to make a neat job
of it. The smoothing capacitors
and transformer will support the
rectifiers.

The microphone insert can be
fixed to the case or can be remote
from it at the end of a length of
screened cable. If you splash out
on a 3.5mm jack plug and socket,
you can leave all your options
open.

You'll notice the power supply
has no regulator ICs. In the days
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PROJECT

V+15

CRYSTAL
MICROPHONE
INSERT

IC)X1 I RI. R2
56R

CI
47n

8 R3
47k

R4
100k

R5
4k7

C2
470p

D1

SENSITIVITY -VVVV-
RV1
100k
LOG

Fig. 1 Jack Flash in the nude

7

C
33u

4,8

IC2

RV2
100k

47n

R6
2k2

NOTE.
ICI = MC1458
IC2 = LM555
IC3 = IS608 (SEE TEXT)
01= FS40
SCR1 = TAG1360
D1 = 1N4148

DO NOT
CONNECT

51 6

C5
33u

R8
10k

2,3

IC3

ZC(SEE TEXT)

R9
390R

(;), AUX1
(SEE TEXT)

SCR1

MT2

MT1

AUX2
(SEE TEXT)

FS1

LP10 ON
(UP TO 500W,

SEE TEXT)

HOW IT WORKS

The signal from the microphone is
amplified by IC1a.

Immunity to mains hum is achieved
by the crude but effective expedient of
giving C1 a low enough value to reduce
the gain almost to unity at 50Hz while
amplifying the fast spikes of percussive
sounds anything up to about 2,000
times.

Components D1, R4, R5 and R3 hold
pin 6 of IC1 slightly lower than pin 5 in
the absence of a signal, keeping the
output high. C2 tames the output of
IC1b a little but no attempt is made to
rectify or smooth the output since all
IC2 requires is a signal which drops
briefly below 1/3V+.

IC2 is the familiar 555 timer
connected in monostable mode with
time period adjusted by RV2. R6 limits
the current to the opto isolator.

When connected as shown in Fig. 3,
01 diverts the timer's output current
from the Isolator whenever any appre-
ciable voltage is present across BR2,
forming a simple zero crossing
detector. The opto triac triggers the
main triac via the surge limiting resistor
R9. The main triac switches on the
load.

when regulators had to be made
from discrete components, they
would only be used when
absolutely necessary. These days
they are included in every circuit
almost as a reflex action. Just to
be different (and since they are not
necessary) I've left them out.
Saves a quid, doesn't it?

When you come to test the
circuit remember that everything
beyond the opto coupler (IC3) is
live, including the heatsink which

0 AS CDC F OH I J K L M

LEI IDA .I
N 0
///HEATSINK///

---mmTTZ0003111 311060 11/11. C
TEST

C4

POINT 0130
N \ \

0
 \

Fig. 2 Jack Flash's internal organs

PARTS LIST

RESISTORS (all 1/4W 5,/o) SEMICONDUCTORS
R1 1 MO IC1 MC1458
R2 56R IC2 LM555
R3 47k IC3 IS608 or similar
R4 100k (MOC3021 etc)
R5 4k7 01 FS40
R6 2k2 SCR1 TAG1360
R7 4k7 D1 1N4148
R8 10k D2 1N4001
R9
RV1

390R
100k log pot

BR1, 2 low voltage bridge rectifier,
any type

RV2 100k lin pot

CAPACITORS
C1 47m
C2 470p
C3 47n
C4 33µ 25V radial electrolytic
C5 33j.; 25V radial electrolytic
C6, 7 1000ji 25V radial electrolytic

MISCELLANEOUS
X1 Crystal microphone insert

(almost any microphone will
do as a substitute).

T1 0-6V, 0-6V 6VA.
Connecting wire; mains wire; plugs;
sockets; plastic box. Optional parts for
the modified versions are shown in the
relevant diagrams.

is connected via the triac tab
directly to the mains input. If you
think anything may be wrong with
the low voltage side of the circuit,

disconnect the mains from the
PCB (by removing the
connections to points L and N)
before checking it out.
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Testing
The circuit really is too simple

to need much explanation. The
fault finding procedure is simply to
check that the signal is reaching
pin 1 of IC1 and pin 7 of IC1,
triggering the timer IC2. The
outputs from 101 can be checked
with a crystal earpiece if you
haven't got a scope and the output
from pin 3 of IC2 can be checked
with a test meter on 25V range. It
should normally be high, going
low when a sharp sound is
present. Tapping the microphone
with the gain set to maximum
should be enough.

If you find that the lamp
remains on at all times when RV1
is advanced to the maximum
sensitivity (even when the room is
perfectly quiet) the value of R4
should be reduced slightly. Use
the largest value that will allow the
lamp to turn off reliably.

CABLE
CLAMP

QQHN

INPUT
FROM

MAINS

OUTPUT
TO LAMP

MICROPHONE

CABLE
CLAMP

SENSITIVITY FLASH
CONTROL DURATION

Fig. 4 Suggested layout CONTROL

Transistor 01 and the
connection to the J terminal form
a zero crossing detector to cut
down on the interference
generated by SCR1. If this feature
is not required, D2 and the link to
terminal J can both be omitted.

Other Applications
If your pulse doesn't race at

the thought of JJF's electric stage
performances, perhaps your mind
is on photography. Sound triggers
for cameras were all the rage a
while back, allowing spectacular
photographs of such things as

NOTE:
BR1,2 = 1A BRIDGE RECTIFIER
02 = 1N4001

C6

02

+ 11

T

BR1

ti

BR2

ti

T1

FS1
2A

MAINPUTINS

ON

K AND N NOT CONNECTED

0 0 0 0 0 0 0 0ABCDEFGH 0000
KLMN

Fig. 3 Jack Flash in stage costume

REAR VIEW

0 E

O N } OUTPUT
0 L TO LAMP

REAR VIEW

V+

(AS FIG 11

1AS FIG 11

DISARM ARM

(SVV1*

4 8

'OPTIONAL
(SEE TEXT)

0

IC2

6.7

0

R

SW2
ON/OFF

7 B1

7 B2

1AS FIG 1)

R6
2k2

IC3

4N26 OR
SIMILAR

0ABCDEFGH I J KLMN

0
FLASH OR
CAMERA
TRIGGER

O,

+ TO CAMERA
OR FLASH
TRIGGER

Fig. 5(a) Circuit modifications for the sound trigger. SW1 is optional (see
text). 01 and R8 are not required, but there is no need to remove them. All
parts of the circuit not shown are the same as for Fig. 1. (b) Connections to
the PCB for photographic sound trigger
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PROJECT: Drum Flash

bursting balloons, popping
balloons, exploding balloons,
balloons going bang and so on.

BUYLINES
Most component suppliers will be able
to provide suitable parts for this project.
The only awkward device is the opto
triac (IC3). If you use a type other than
the IS608, it would be wise to Increase
the value of R9 just in case the surge
current rating is lower. Most samples of
the more readily available MOC3021
will work without modification to the
circuit but if It does not turn on reliably
this can be cured by reducing the value
of R6 (not less than 1k0).

To get you started a parts set for the
main circuit including PCB, triac, heat -
sink, pots and microphone is available
from Specialist Semiconductors (see
their ad in this issue). Power supply
components are available separately
from the same source, although your
spares box will probably have suitable
components in it.

The PCB will be available from our
Readers Services in due course.

The photographs are made
either by using the sound of the
exploding balloon to trigger flash
lights in a darkened room (the
camera shutter would be left open
throughout the procedure) or by
triggering the camera itself if it
was fitted with a solenoid operated
shutter.

A touch of the soldering iron
will transform JJF into a camera
sound trigger. The way to do it is
shown in Fig. 5. The power triac
and heatsink are removed from the
PCB and the opto triac is replaced
by an ordinary opto-isolated
transistor.

The only other difference is
that the circuit is run from a pair of
PP3 batteries instead of the mains
power supply. You will probably
want to put an on -off switch in the
power supply as well.

The circuit can be armed by
simply turning up the sensitivity.
Otherwise, a switch in the 'reset'
line of IC2 will give an arm/disarm
function. You'll need to cut the
PCB track for this.

For general sound switching
purposes, the circuit of Fig. 1 can
be used for mains applications and
the modifications shown in Fig. 5
will make the circuit suitable for
low voltage applications. The

It's easy
to complain about
an advertisement.

Once you know how
One of the ways we keep a check on the

advertising that appears in the press, on
posters and in the cinema is by responding to
consumers' complaints.

Any complaint sent to us is considered
carefully and, if there's a case to answer, a full
investigation is made.

If you think you've got good reason to
complain about an advertisement, send off
for a copy of our free leaflet.

It will tell you all you need to know to
help us process your complaint as
quickly as possible.

The Advertising Standards Authority.
If an advertisement is wrong,were here to put it right.

ASA Ltd, Dept 1 Brook House,
Torrington Place, London WC1E 7HN

This space is donated in the interests of high standards of advertising.

Fig. 6 Making the trigger latch. A
diode is added between IC2 pin 3
and IC1 pin 6. The track between
pins 4 and 8 of IC2 is cut and pin 4
is taken to V+ via a 4k7 resistor. A
reset button is added between pins
1 and 4 of IC2. The remainder of the
circuit Is as for Fig. 1

other feature you may want to add
- latching - is shown in Fig. 6.
With this configuration the circuit
will latch when a sound triggers
the switch and will remain on until
the reset button is pressed. So -
open your curtains with a whistle
or your garage doors with a toot!
Or just have fun experimenting.

ETI

TRANSFORMERS
3VA to . . . KVA many standard ranges

on -the -shelf
Mains Isolators, Autos, Cased Autos,
12/24V, 15/30V, 25/30V, 30/60V, 48/96V.
All with intermediate voltage taps. Also Valve,

Mains & Output types.
WINDING TO SPEC including Toroidals.

Inverters 12/24V DC to 240V AC constant
voltage transformers for spike -free stable

mains.

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

_Acce.si

BINDERS
FOR YOUR VALUABLE COLLECTION
OF ELECTRONICS TODAY ,4,"10,.INTERNATIONAL MAGAZINES t £5.95 t
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PROJECT

SPECTRUM
CO -PROCESSOR
Graeme Durant continues to build his add-on computer with
this ingenious 256K RAM card

Having covered the design and
construction of the Z80
CPU card last month, it is

now time to move on and look at
the main dynamic RAM cards.

These provide the co-
processor with a large area of
storage which may be used for
program or data. Each DRAM
circuit is built on a standard 160 x
100mm eurocard sized double -
sided PCB and consists of 256K of
store.

Since the Z80 has an address
range restricted to 64K, the DRAM
card uses a paging mechanism to
enable the Z80 to accommodate
this increased address range.

Connections to the board are
once again made via a DIN41612
connector, the pinout being the
same as for the CPU card
described last month.

This DRAM card was also
designed to be strictly general
purpose and it can be used in any
Z80 or Z80A based application you
like - for example upgrading the
available memory in a Z80 based
home computer.

DRAM
Dynamic RAM has

traditionally been tricky stuff to
use. Although DRAM is cheap and
can offer large storage capacities
on small chips, it has the awkward
requirements of periodic refresh
and a multitude of carefully timed
control signals. These have often
been enough to turn the average
hobbyist to the alternative
expensive and bulky static RAM
devices.

Early DRAM devices needed
everything doing for them. All
refresh strobes and addresses had
to be externally generated. As
generations of dynamic memory
have come and gone, the external
hardware overhead has been
reduced. Now DRAM has in effect
'grown-up.' It is much more self
sufficient and needs a lot less in
the way of external prodding to
facilitate refresh and data access.

The 'state of the art' DRAM as

w.

far as performance goes must be
the AAA2800 series of CMOS
256Kbit devices, designed by
Inmos and produced by NMB in
the newest, most advanced CMOS
VLSI manufacturing plant in
Japan.

These memories combine low -
power operation, fast access times
and a number of versatile
operating modes, making them the
world's fastest monolithic 256K
DRAM available.

One of the most interesting
features included as far as the
amateur is concerned is the so
called 'CAS before RAS' refresh
mode which makes the process of
refresh simplicity itself. So the

timing signals required to drive the
AAA2800 series are very
straightforward. It is for these
reasons that the AAA2800 family
was chosen for use in this design.

One special feature of this
circuit is that all the timing on the
board is derived from the main
CPU clock using synchronous
logic techniques. So it is usable in
any Z80 or Z80A based system
regardless of the clock frequency.

Also, expensive LSI DRAM
controller chips and unreliable RC
generated relays are completely
avoided. The design is based on
ordinary TTL logic and operates
reliably under all conditions with
no setting up required at all.
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Refresh Schemes
The usual method used to

achieve the obligatory DRAM
refresh process is termed RAS-
only refresh. This is shown in Fig.
1.

Since the refresh operation
only requires that each row within
the memory array is accessed
CAS is held inactive high and 1--A-S
is strobed whilst a suitable row
refresh address is supplied to the
memory chips. To ensure correct
operation of the AAA2800, all 256
rows must be refreshed every
4.4ms.

You may be wondering why we
cannot just use the built-in refresh
mechanism provided by the Z80
microprocessor itself - the
processor provides an
incrementing row address for the
DRAM after every instruction fetch
(while it is internally decoding the
new instruction and the system
buses are otherwise unused).

This would be great but for the
fact the Z80 dates back to the days
when sub -64K DRAM devices
were the best available, and so
only a 7 -bit refresh address is
generated, whereas we need an 8 -
bit address. This problem can be

introduces an unacceptable time
overhead.

The usual solution is an
external refresh address generator
but using the AAA2800 we have
another more elegant option.

The AAA2800 provides a CAS
before RAS refresh mode. During
normal DRAM accesses, RAS is
strobed before CAS to latch -in the
required address. If this order is
reversed, the AAA2800 ignores the
address present on its pins and
uses an internal 8 -bit counter as a
source of row addresses,
performing a refresh operation all
on its own.

The trick is to strobe CAS
before RAS (Fig. 2) every time the
Z80 authorises a refresh cycle and
the result is a completely
transparent refresh scheme with
no wasted time overhead and no
external refresh logic required.

Paging
In common with most 8 -bit

microprocessors, the Z80 is
capable of directly addressing
only 64K of memory. However, this
limited address range can be
extended by paging. The large
block of storage to be addressed is
partitioned into areas called
pages, each 64K locations or less
in size.

The processor addresses the
contents of a page directly,

because its address range can
handle the entire page in one go.
However, the actual page
accessed is selected, one at a time,
by some other means.

The usual method of page
selection is via a bank select
register. This is a multi -bit latch
which holds the currently selected
page number and can be updated
by the processor to change pages.
The memory hardware responds
to the contents of the bank register
by enabling only the memory page
required for access on the Z80
buses.

In a Z80 based system, this
register can be addressed as an
I/O port so it is conveniently

separate from the memory map -
thus avoiding the possibility of
being able to page itself out!

The disadvantages of simple
paging schemes like this revolve
around the fact that the memory
space is no longer randomly
accessible.

The addressing of a location is
now a two stage process, requiring
an update of the bank register as
well as the memory access itself.
This can prove awkward if the
program being executed is stored
in the paged memory when jumps
and subroutine calls may entail
page changes.

Unless the machine's
operating system has some kind of
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monitoring capability to handle
such situations, the simplest way
round this problem is to provide a
small area of permanently enabled
memory which is accessible
regardless of the current page
selected.

When code execution requires
a change of page, a routine
residing in this unpaged memory
is called to change page and then
to jump to the required location in
the new page. This is the scheme
used in this design. A memory
map PROM (1C19) is used to
permanently disable a section of
each page in the paged memory,
to allow the unpaged memory to
sit undisturbed.

This unpaged memory
consists of the operating system
EPROM and the scratchpad RAM
on the CPU card, described last
month. The PROM allows
unpaged program areas to be
selected in steps of 256 locations
so the least possible DRAM space
is wasted in any given application.

For this co -processor design,
the bottom 5K locations of each
64K page are disabled by the
PROM but this can be easily
changed for other applications by
blowing different map PROM data.

Construction
The construction of the RAM

card should not create too many
problems, particularly if the
suggested PCB layout is used.
Like the Z80 CPU card described
last month, this board is double
sided but for reasons of expense,
through -plating is not used to
interconnect the two layers.

The through connections are
shown in the overlay diagram (Fig.
4) and must be made by either wire
links through the board, by the
passive component leads, or by
means of the IC pins. The various
techniques for employing these
methods were described last
month. Once again 'turned pin'
DIL sockets should be used to
allow through connections via the
IC pins.

As high currents are likely to
flow in the memory power and
ground lines, multiple through
connections are provided to
reduce the impedance of these
links. These take the form of two
or three closely situated through
links. All must be made to ensure
reliable operation.

This board also includes a
large number of supply
decoupling capacitors and it is
important not to omit any of these.
Each RAM chip has its own
associated capacitor, connected

close to the power and ground
pins. These capacitors must be
long leaded axial types to fit the
suggested PCB foil and these
ensure low supply impedances at
high frequencies where noise
problems might otherwise exist.

Short M2.5 nuts and bolts
should be used to fix the edge
connector to the PCB for added
strength. Note that two of the
connector pins must also be
soldered on the topside of the PCB
to link through the board.

At this stage you must decide
whether to program the card for
operation as pages 0-3 or pages 4-
7. This determines what you do
with the link pads on the PCB.

If you want the card to appear
as pages 0-3 then point A should
be connected to point C on the
circuit diagram by soldering a
through link at pad X.

If the card is to appear as
pages 4-7, point B on the circuit
diagram must be connected to
point C with two through
connections at pads Y and Z.

The page indication LEDs are
fitted next. Since these are closely
spaced, light can easily spill from
one LED to the next, spoiling the
effect. This can be avoided by
fitting each LED with a short
length of rubber sleeving to trap
the light. Note that these LEDs
need to be soldered in on the
topside of the PC board as well as
underneath.

The address mapping PROM
IC19 must be fitted to the board
before power is applied for the first
time. The How It Works section
explains the PROM programming.
See Buylines for details of pre-
programmed PROMs with the
correct specification.

Testing
Testing the completed

memory card is not easy at this
stage. If you are intending to build
up the whole co -processor
project, the procedure for testing
all the hardware together will be
given next month. If, however, the
DRAM card is intended for your
own particular application then
testing must consist of connecting
the card into your target system
and powering it up, not forgetting
to initialise the bank select
register.

If data can be reliably stored
and retrieved, your DRAM card is
fine. If there are problems, first
check that you have soldered
everything in, particularly on the
topside of the board, then ensure
all the on -board control signals
are active and that addresses and

BUYLINES
Most of the components used on this
card should be available from usual
component distributors. There are a
number of parts which cannot easily be
substituted with any old manufac-
turer's components due to required
dimensions or specifications.

The miniature axial ceramic
capacitors used throughout this
project are available from Verospeed
as order code 92-50952H. Verospeed
can be contacted at Stansted Road,
Boyatt Wood, Eastleigh, Hants S05
4ZY. Tel. (0703) 644555.

The ultramin 100µ radial electrolytic
capacitor was obtained from Maplin as
order code RK50E. The DIN41612
backplane connector is also available
from Maplin (order code FJ51F). The
turned pin IC sockets suitable for use
with this PC card are as supplied by
most competent stockists but try
Maplin's range if uncertain.

The Dynamic RAM chips used in this
design are not commonly available due
to their relative newness. Since this
design makes use of their special CAS
before RAS refresh mode, other manu-
facturer's devices cannot be sub-
stituted. The whole range of AAA2800
series RAMs are available from NMB's
UK distributor, Mogul Electronics. The
circuit was designed to work with any
of the range of five AAA2800 series
parts (AAA2800, 1, 2, 3 or 4) having
access times of 120ns or faster. As the
cost of DRAM is continually fluctuat-
ing, it is best to choose the cheapest of
these parts at the time of ordering.
Mogul Electronics can be contacted at
Central Court, Knoll Rise, Orpington,
Kent BR1 OJA.

Unprogrammed 24S10 PROMs are
readily available from many of the
regular advertisers in ETI. However,
since readers might find it difficult to
get these bipolar devices programmed,
ready blown PROMs suitable for use in
this co -processor project are available
from the author for price £6.00
inclusive of postage. Please send
cheques or postal orders made payable
to the author to 52 Bishops Court,
Trumpington, Cambridge CB2 2NN.
Allow 28 days for delivery.

Finally, the printed circuit board is
available from the PCB service.

data are reaching the DRAM chips.
Like all microprocessor based

projects fault finding is extremely
difficult without the right gear, and
a decent logic analyser will set you
back five grand or so. Having said
that, a little perseverance with a
scope should pay dividends.

Next month we shall look at
the final bit of hardware to
complete the Spectrum co-
processor design - the interface
card through which the co-
processor can communicate with
the Spectrum. We shall also start
to examine the software side of
things, so don't miss the next
exciting episode!
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HOW IT WORKS
The heart of the circuit (Fig. 3) is of
course the eight dynamic RAM
devices, IC22-29. The rest of the circuit
can be considered as two distinct areas
around this DRAM - the paging/
address logic and the circuits which
manage the memory chips by generat-
ing the required control signals.

Looking first at the paging/address
logic, this enables the memory card for
access when both a valid page on the
card Is selected and a valid location
within that page is addressed.

The bank select register, consisting
of three 13 -type flip-flops (IC14 and
IC33b) is mapped onto the Z80 output
port at address 254 by IC20 and IC31a,
b, d. The data value sent by the Z80 to
this port will determine which page is
chosen.

IC18 decodes the port data to see
whether one of the four pages on this
card is selected. IC33b stores the
result, Its O output being low if the
current page is on the card. At the same
time, IC14 stores the states of the two
least significant port data bits.

If the required page does reside on
this card then these two bits signify
which page from the four is selected
and will form two extra address bits to
the DRAM devices.

IC21 is used as a two -to -four line
binary decoder to light up one of four
LEDs to indicate which page is
currently selected. This is
disabled if the current page is not
present on the card so all the LEDs are
blanked.

For circuit simplicity inverse logic is
used for page selection. Sending 255 to
the bank register switches in page zero,
254 switches in page one and so on.

The user has the option of making
the card either pages 0-3 or pages 4-7.
This is achieved by means of a link on
the PCB. If point A is linked to point C,
the output of IC18 will be active low
when the most significant six bits of
data to the bank register port are high.
So, pages 0, 1, 2, 3 are decoded onto
the card. If point B is linked to point C
then port bit D2 is inverted before it
gets to IC18 and pages 4, 5, 6, 7 are
decoded onto the card.

In this way, up to eight pages of
DRAM (two DRAM boards) may be
used in the system. The 8 -bit port
decoding however, allows up to 256
memory pages to be controlled from
the processor and if more pages are
required then further data bits must be
inverted on their way into IC18. This
would of course entail modifications to
the PCB design itself.

IC19 is an address decode PROM
used to disable the memory card when
certain addresses occur, allowing
other unpaged memory (such as
EPROM) to reside in the system.

Its address inputs are connected to
the CPU's eight most significant
address lines and so the PROM
changes its addressed location every
256 Z80 locations.

The PROM is programmed to
produce a logic low at its least sig-
nificant bit output (pin 12) when the

.5V
BACKPLANE PCB TO CIRCUIT
CONNECTOR SK2

31a,c.5Vb /
C15 C16 CI7 C18 C19 C201 C21
100T 100T 100T 100T 100T 100T 100n32 GND 0

10c AO 0
10a 48 0
I lc 41 0
11a 49 0
12c A20
12a 4100
13c A3 0
13a 4110

/477

tvit
7

3

R14 4-5V

1k0

4 1 1013
PI Cl P2 C2

DI Q1

IC14

02

CK 1 CK2

5

R18
.5V t.,.\11\rvs,0

2

13

14

6
5

10

14c 440
14a 4120
15c 45 0
15a 4130
16c 46 0
I6a 414 0
17c 47 0
17a 4150

34 11

6.f1

IC15

10
-16+5V

IC30 15

12

8 15

77)773
15

2

13

14

5

10

22c DO 0
23c DI 0
24c D2 0
25c D3 0
26< D4 0
27c 135 0
28c D6 0
28a 070

.5V

IC16

12

9

6

C22

18

17

16

15

4

13

12

da 1080 0

7a WR 0

4c MREQ 0

8a RFSH 0
Sc V30

3a SVSCLKO

V

R13
1k0

20

C23
100n

19(

4

5

IC17 6

9

10

2

12

46

IC18

A 6,
5

10 B
LINK

5

IC35d

13

12

+5V

6

7

4

2

15

4

IC19

131

3

2

5

6

5

-710---
3

10

9

11

R15 .5V

6
IC32b

IC32c

card Is to be disabled. For example, if
the first 1K locations are to be reserved
for an unpaged EPROM, IC19 should
be programmed with the first four
locations containing zeros in the LS bit
position leaving the rest of the device
holding all ones.

For this design, where the first 5K
locations must be disabled, IC19 must
have its first 20 locations programmed
to E(hex) and the following 236
locations programmed to F(hex).

The rest of the circuitry manages the
memory devices themselves allowing
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them to be accessed for data storage or
retrieval and also handles the refresh
requirements.

Dynamic RAM expects to receive its
address signals in two halves (the row
and column addresses) multiplexed in
time onto one set of address pins. The

Fig. 3 The circuit diagram of the RAM
board

DRAM devices require three correctly
overlapped control signals, RAS, CAS
and W to make use of this address
information. RAS is the strobe which
latches in the row address, CAS latches
in the column address and W is the
write enable control.

A further signal is required to drive
the address multiplexers themselves,
selecting whether the row or column
addresses are being supplied to the
DRAM.

In this design the RAS signal is
directly obtained by using the Z80
memory access strobe signal MREQ
via buffer IC32c. The DRAM write
control signal W is the Z80 write strobe
WR buffered by IC32b.

The generation of the DRAM CU
and the multiplexer select signal, is a
little more complicated. Their precise
timing has to tie in with RAS and W.

D -type flip-flop IC33a is clocked at
high speed by the system clock and on
each rising clock edge passes the state
of MREQ to its 0 output. The relative
timing of MREQ with the clock is such
that the Q output of IC33a follows
MREQ with a delay of about 5Ons
minimum (assuming a 4MHz clock).

This delayed signal is used to drive
the select line of the memory address
multiplexer formed by IC15, 16 and 30.
The 5Ons switchover delay after RAS
ensures the row address hold time is
not invalidated.

The address multiplexed into the
DRAM consists of 16 bits of address
from the Z80 and two bits of address
from the bank select register, IC14.
This results in the required configura-
tion of four 64K pages with each page
being directly accessible to the CPU.

The Q output of IC33a goes on to
form CAS via IC34b, c, d and IC35b, c.
The DRAM chips used in this design (in
common with most dynamic
memories) require for normal access
that CAS goes low after RAS and that
the W strobe has settled before CAS
goes low.

The delayed RAS signal from IC33a
is guaranteed to occur after RAS itself.
Similarly IC35a detects when the Z80
RD or WR strobes are active. When this
happens it signifies that the DRAM W
control is also present. The output of
IC35c will go low only when both the
delayed RAS and the output of IC35a
are active, thus fulfilling the timing
requirements for CAS in relation to
RAS and W.

The output of IC35c is given a little
extra delay by IC34b,c to ensure the
recently multiplexed column address
has had time to settle. This signal then
passes via IC35b and IC34d to drive the
DRAM CAS line.

IC33a can be disabled via its
asynchronous preset input by IC32a,
thus holding CAS inactive when a
memory access is not required on this
card.

This occurs when either the current
page is not on this card (IC33b 0 is
low), when an invalid address has been
received (detected by IC19) or when a
refresh operation is taking place (Z80
RFSH line low).

When the Z80 authorises a refresh
cycle to occur, it drives the RFSH line
low before the MATO (RAS) strobe.
This RFSH strobe forces CAS low via
IC35b to accomplish the automatic
CAS before RAS refresh cycle. The
result is that refresh occurs trans-
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HOW IT WORKS
CONT.

parently to the user during the time the
Z80 is internally decoding its next
instruction.

Data from the Z80 data bus is
buffered onto this card by IC17, an
octal tranceiver chip. The direction
control for this device is simply derived
from the Z80 RD strobe via IC35d and
its enable control is the same signal as
the multiplexer select - this being
active low during the time that data is
moving into or out of the card.

Since each of the AAA2800 devices
used is configured as a 256K by one bit
memory, each chip handles one bit of
the Z80 data word and the address
information is fed to all the DRAM
chips in parallel.

Numerous supply decoupling
capacitors are used throughout the
circuit (especially around the RAM
chips themselves) to avoid problems
with high frequency supply noise. A
high value electrolytic capacitor C15
acts as a bulk energy store to reduce
problems associated with remotely
connected power supplies.

PARTS LIST

RESISTORS (all 0.25W 5°/o unless
otherwise stated)
R13-18 1k0
R19 220R 0.5W 5%

CAPACITORS
C15 100µ 6V ultramin

electrolytic radial
C16-32 100n ceramic

SEMICONDUCTORS
IC14, 33 74LS74
IC15, 16, 30 74LS157
IC17 74LS245
IC18, 20 74LS30
IC19 24S10 PROM
IC21 74LS138
IC22-29 AAA280
IC31 74LS02
IC32 74LS11
IC34 74LS14
IC35 74LS00
LED1-4 green LEDs

MISCELLANEOUS
SK2 DIN41612 type C 64 -pin

right angle PCB
mounting plug

PCB; IC sockets; tinned copper wire
for through connections; M2.5 nuts
and bolts for DIN connector.

SK2

11111111,1,1T,,I,111111111111111111

SE 4-oGF,

LED1-4
r=3

.cl

?AGE' LEDS

Fig. 4 The component overlay for the
RAM board ETI
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DISK DRIVES  COMPONENTS  CONNECTORS  ELECTRO-MECHANICAL, PCB AND CABLE ASSEMBLIES

Electro Mech Industries Limited
744, Switch Mode PSUs etc. etc. All .t Iry
competitive prices. Details on request.
ACCESS or VISA welcome. Just phone your
order through, we do the rest 24hr answerphone

Unit 2, Wessex Industrial Estate, Station Lane, Witney, Oxfordshire. Te ephone (0993) 75827 or 76605 (..Rmg

IBM COMPATIBLES x vA
Superb quality at sensational aces by 6%ron Computer Systems
Inc

XT COMPATIBLE
EX VAT
790 00

P&P
10 00

AT COMPATIBLE
TURBO/AT EGA SYSTEM

1245.00
1610.00

10 00
10 00

Full techntcal specs available Range of oploons/penpnerals evade.
at incredibly 104. aces
Damonstrattons can be arranged by appointment wrneiphone lot
brochure & puce list

MEMOTECH
MT)(512 80K RAM 00 00 500
MTX512 Senes 2 256K RAM 87 00 500
MCI 35" CP/M DIsc Drive Upgrade 225.00 500
SPECIAL OFFERS
3 5" CP/M Disc °nye Upgrade. MTX5I 2 Serves 2 Computer. 12. Hi -
Res Monitor. Comprenenstve Software Package, Demi% Manuals.
10 x 3.5" Diskettes
All thus for E399 95 tnc VAT Delivery al C1000 extra
venous Expansans Avadabie

BBC
Nester 126
CanPact Entry System
CO41440 Colour System
Archimedes Basic 305 System
Archimedes Basic 310 System
Full range of accessares  Send for price list

395 00 700
360 00 > 00
509 00 700
799 00 700
075 00 700

EMI DISC DRIVE RANGE
BBC DISC DRIVES
All supplied with Leads, Manual & Utilities Disc

Price lEx VATI

5.25" DRIVES, WITHOUT POWER SUPPLY
Single 2006 drive. 40 Track D/S
Single 4006 drive, 40/80 Switchable
Dual 400K drive, 40 Track D/S
Dual 400K drive. 40/80 Switchable

£9500
£11200
f163.00
£214.00

5.25" DRIVES, WITH POWER SUPPLY
Single 200K drive. 40 Track D/S £108.00
Single 400K drive, 40/80 Switchable £125.00
Dual 4001< drive. 40 Track D/S 09600
Duel 400K drive. 40/80 Switchable £235.00
Dual 400K drive, 40/80 Switchable,
horizontally mounted in monitor stand
(Master Version) £26500

3.50" DRIVES, WITHOUT POWER SUPPLY
Single 400K drive, supplied
in dual case. with blanking plate.
to allow easy upgrade to dual drive E95.00
Dual 400K drive £165.00

CASED/UNCASED
FLOPPY DISC DRIVES
5.25" FLOPPY DISC DRIVES Price lEx VATI P and P
500K 48 TPI D/S 40T E7500 £200
IMB 96TPI D/S 80T £8000 £200
 500K 40 T 48 TPI Cased with PSU 8 Leads £105.00 0.00
 1MB 80 T 96 TPI Cased with PSU & Leads £110.00 E.3.00

3.50" FLOPPY DISC DRIVES
1MB 135 TPI D/S Sllmllne
 1 MB 80 T 135 TPI Cased with PSU 8 Leads
 Twin 1MB 80 T 135 TPI
Cased with PSU B Leads

£75.00
£9500

E165 00

DISC DRIVE ACCESSORIES
DISKETTES

E1.50
Eloo

FS 00

5.25" Double Sided/Double Density
350" Double Sided/Double Density
3" CF2
3" CF2DD
Regulated PSU (state 5.25" or 3.50")

£0 .90
£200
£3.99
E.5 00
E8.50 £150

5.25" Drive Case Takes 1 5 25" H/Height Drive E9.00 £200
350 Drive Case Takes 2 3.50"Drives E15.00 £200
Drive Interlace Cable - Single f.5.00 £0.50
Drive Interface Cable - Double £700 £050
525" Drive Case and PSU assembled -
Takes 1 H/H Drive £20.00 £3.00
3.50" Drive Case and PSU assembled -
Takes 2 Drives £24 CO £3 00

 Available In 110 8 220V Versions

MONO/COLOUR MONITORS
PHILIPS
High-res Green screen monitor. Model No.BM7502
High-res Amber screen monitor. Model NoBM7522
IBM compatible (Green) with Leads. Model NcrE1M7513
Dark glass. White screen monitor. Model No:BM7542

MITSUBISHI - Colour
Med. Res. BBC Compatible Model 1404
Med Res. IBM Compatible Model 1404E
Med Res. IBM Compatible s Colour Card Model 1404EC

HANT REX
H012 HI-RES MONO GREEN

OFFER CT9000 MED RES 14" COLOUR RGB, RGB1

MODEMS

Price
lEx VATI
£72.50
£77.50
1:9500
£77.50

£23200
£26400
£391 00

£6500
£17995

£120.00
Answer call mini modem MD101, V21 £73.00
Miracle Technology WS2000 V21 V23 £95.00

3.50" DRIVES, WITH POWER SUPPLY Miracle Technology WS3000 V21.V23 AA AD £275.00
Single 400K drive. as above C11000 Miracle TechnOlogy WS3000 V22.V21.V22 AA AO £471.00
Dual 000K [Inv, as above £18000 Miracle Technology WS3000 V22BIS.V22.V21,V23 AA AD £595.00

NB: Please add £3.00 P and P per Single Drive, and £5.00 P and P per Dual Drive
Please add £7.00 delivery on Monitors, £3.00 on Modems

Nightingale plus Comstar software

SPECIA 5ve 500K DS/DD MITSUBISHI DISC DRIVE t75.00
51/4 IMB DS/DD MITSUBISHI DISC DRIVE £80.00

OFFER PHILIPS 8833 COLOUR MONITOR with BBC lead£225.00
II type CONNECTORS
PLUGS way 9 15 25 37
SOLDER 0.45 aso ago 125
PCB .65 75 1.05 -

PCB R/A .95 1.50 2.05

SOCKETS
SOLDER 65 90 125 200
PCB 75 1 10 1.75
PCB R/A 1.30 1.90 260

COVERS .60 .65 .68 .80

IOC PLUG 3.15 375 3.00
SOCKET aeo 390 3.00

RIBBON CABLE IOC CONNECTORS
per metre Grey Colour PCB R/A EDGE
10 way 040 070 SKT Plug Plug Plug
16way 065 110 10 way 0.61 0.65 0.65
20 way 080 1.30 16 way am ass ass
26 way 1.00 1 70 20 way ass 1.10 1.10
34 way 1.35 2.30 26 way 098 120 120
40 way 1 65 2.60 34 way 1 12 1.50 1.50 3.20
50 way 1 95 330 40 way 1 35 165 165
64 way 2.80 4.20 50 way 165 2.50 aGo

CENTRONICS CONNECTORS PRINTER LEADS oi_ 6.85
36w IDC Plug 2.95 Skt 410 Mernotech 8.50 Dragon 7.95
36 way Plug Snider 300 Amstrad 8.80 BBC 7 40

MODULATORS
UM1286 200
UM1233 300

HEADER PLUGS

OIL IBC
14 PIN 0.72 28 PIN 1 43
16 PIN 0.80 40 PIN 1.95
24 PIN 1 10

DIL SWITCHES
4 way 0.68 8 way 0.80
6 way 0.75 10 way 0 95

mi.sa 74F 7415175
7410181

7415174 0.65 7410182
74L500 0 17 7415183

IL502 0.16 74LS190
ILS03 0.18 7415191
11504 0.17 7415192

711506
711$09
741010
741$107
7415109
741511
5415112
7415113 030 7415240
7415114 0.30 7415241
7415122 0.35 7415242
741$123 0.40 7415245
7415125 0.30 74L5244
741.5126 030 7410247
741.012 0.18 7410248
741$132 0.35 7415249
7416133 0.35 7415251
7415136 0 28 7415253
741$137 070 7415254
71LS138 0.30 741$257
7115139 0.30 7415258
741513 028 741_5259
74LS14 0.40 7415213
7115145 0.90 7415260
7416147 1.10 7415286
74LS148 1.00 741527
741$15 0.18 7415273
74LS151 045 7415279
711_$153 0.55 7416280
7115155 0.45 7415283
11$155 045 7415290

7/15157 0.45 7415293
41_5158 0.45 7415295

74LS160 aso 7415298
11$161 0.50 7415299
11$162 0.55 741530

7115163 0.50 74L532
71151604 0.50 7415322
741$165 0.80 7415323

115166 075 741.533
7415168. 120 7415352
7115169 1175 741_5353

741_$170 100 741S365
7416173 0.60 7015366

4LS174 050 741-8361

0.18 7415193
0.18 741.5194A
0.18 7415196
0.30 7415197
030 741920
0.18 741521
0.30 741522

050 741_5368
1.80 741_537
2.00 7415373
1 50 7415378
0.55 741538
065 7415390
0.65 7415393
065 74103954
065 741540
0.55 741542
0.65 741$47
065 741$413
018 741.549
0.15 741551
am 741864
am 7115541
0.70 741.555
070 7415840
aso 7415641
0.60 741S642
0.80 7410643
0.90 741_5644
045 74LS645
aso 7415668
0.90 74106E6
0.45 7415670
045 7415673
asp 7415674
0.18 7415882
0.60 7415654
022 7415885
0.18 7410936
0.65 7415687
0.50 7415889
1.60 741573
aso 741574AN
070 741575
0 70 741$76
1 10 741578
0.96 74LS53
2.00 741585
018 741 686
0.18 741590
3.00 741092
2.75 741093
022 7415958
1.00 701596
0 BO 74E00
0 35 74%2
035 74E10
035 74014

035 74E74 040
0.18 74E85 195
065 74E125 1.05

075 74E138 105
0.18 74E161 295
0.50 Mae avaoade
045

o°; TTL74
040 7400
060 mot

7430
74367
7438
7440
7441
7442
7443

030
0 75
0 35
060
060
062
090

7446
74%
7450
7470
7474
7475
7476  74135

085 7486
140 74904
025 7491
090 7492
036 7493
0 45 7494
0 90 7496

060
050
060
0.30
0 50
0.85
060

TRANSISTORS
0.22 AC128 0.30 86200 0.35 MPSA55
022 AC142 0.33 86244 035 MPSUO5

7402 022 AC176 025 eF25613 045 TIP29A
aso 7404 0.30 AC187/8 0.23 BF25761 0.40 TIP29C
020 7406 0.40 AD149 075 BF259 030 TiP2955
020 7407 0.40 00161 aeo 13E324 0.25 TIP30
050 7408 0.30 413152 010 8F336 030 TIP30C
0.20 7409 025 6F124-127 0.55 8E337 0.35 TIP3055
135 7410 010 AF139 au BF421-423 0.22 TiP3i.6
125 74100 2.20 AF238 0.50 8F486-472 0.40 TIP31C
120 74114 0.20 BC10713-110 all 8E870-871 0.30 11P324
1.75 7412 025 BC114 020 13E841 0.22 TIP32C
175 74121 1.75 80140 0.30 13E851 0.20 TIP33C

1-75 74123 065 8C147-15913 0.12 8E6190 0.60 11P344
0.80 7413 035 BC170 0.07 8E891 0.75 T1P34C
0.90 7414 0.60 BCIB2-239C 0.05 13F094 0.93 TIP36
130 74141 0.70 0C2588 aso BFX29 0.2e T1P41A
700 74117 1.50 13C30713-338 020 BF0/14 033 TIP/113
7.50 74153 065 6044t/461 0.33 iiixils 0.45 TiP424
235 74155 0.68 E10477 020 BF087/88 045 11P4213
2.75 74157 asa BC51137 0.30 BENI] 0.30 TIP42C
275 74150 1.50 8C547B-559 0.11 13F541 0.30 71590
5.05 74180 0.80 BD124P 0.85 BE150 0.30 T1501
2.75 74151 aeo 6E131 0.50 BFY51 030 2N22194
275 74183 0.85 60132 aso BE752 033 2522214
025 74165 ass 80133 0.48 13FY90 076 252368
0.22 7417 0.40 80135 0.45 85020/21 0.25 2523694
0.27 74170 165 80136-140 030 85026 0.30 2742483
0.27 74173 0.99 8D2458 0.55 80029 0.30 252646
0.27 74174 080 130517 070 60104 1.70 2529044
045 74180 0.85 8F115 0.40 BUIOS 1.50 252906/7
055 74181 200 13E154 025 BSY95 0.35 252926
028 74162 0.80 5E187 03,3 5UY89 210 253053
030 74184 1.55 5E177 030 MJE2955 0.96 253054
0.40 21188 2.10 13E178 035 MJE3055 1.60 253355
0.35 74190 305 8E181 0.25 MJE340 0.38 253819
050 74191 200 8E184 0.30 MJE370 0.95 253904
0.75 74,3 1.20 8E165 030 MJE520
0-38 7420 030 5E198 013 MJ2955
0.38 7422 0.30 BF197 018 MJSA05

1.10 8E198/3 016 MPS412
0 75 74204 250
036 7425,

025
050
032
032
050
032
035
050
0 45
040
0 45
040
0135

093
090
1.25
0.45
050
050
0.50

050
070
0.30
027
027
024
0.15
022
055
025
0 25
011
025
055
0 48
035
0 15

0.45 253905/3906 015
050 35I28 099
0.35 MANY MORE
0.35 AVAILABLE

LINEAR IC*
AY -3-10144
AY -3101513
AY -3-8070
AY -3-6475
AV -3-9710
47-3-9725
CA3011
CA301.
CA30284
CA3046
CA3052
CA3054
CA3065
CA30804
CA3080E
CA3085
CA3088
CA.1088E
CA30890
CA309040
CA3100S
CA3130E
CA31401
CA31131E
CA.31132E

CA3189E
CA3193E
CA3240E
C 43260E
CA3290E
041366%
LA3300
LA4032P
LA4400
144420
LA4422
144461
LC7120
LC7130
LC7131
LM1889N
M515131.
M515151.
M63712
MC1315P
MC1330P
NIC1349P
MC14600
MC14639
MC146913
NIFCe000
0512370
M123813
NE5357
NES5OIN
NE5534 hi
5063209
$747000874
SN76110N
55761154N
SN76131N
5747639674
SN78600P
SN76660N
SN76707N
SN76708N
TA7204P
TA7205AP
TA7208P
TA7222P
TA7310P
CA3020
041384
1141357P
LM301AN
LM31ON
LM311
114319
11,132461

LM339N
LM348N
LM358N
LM380N-14
1.1.43a1

L ra3900
Leese/
1.14710CN
1434711CN
18041
LM747CN
M53756
NE555
NE556
NE566
TBA120S
1134920
TD41011
1041022
TDA2006
TDA2190
TDA2591
1062670
T1071CP
TL072CP
TL074CN
TLO/PCP
TL082CP
TL084CN
1849900
TC9100
TC9109P
TC4270S8
TC4650
TC464306
TC4740
TCA900
TC4910
70010030
TDA10357
7042002
TDA2010
7062030
7042522
ZN425E8
ZN426E8
ZN427E
ZN428E8
25447E
IN4496
ZN435E

COMPUTER
IC.

1203

4C°
15 00

15,0
16C°
15 CO

am 6502A
1.00 6551A

1.00 6932
220

74HCT0.00 6522A
1.90 6800

4.0)

260

2002.0
0

6=
8.25

7.30 6810

5.00 HM3
6.50 HCO40.55 6809E

0.50 6818
1.50 HCM

230 6840

37:: 14CHC1109°7200 6820

2.00 6845

HCIO
HC112

2.00 6821

0.70 6850

625 HC11
5,0 HC113

0.75 6847

5.00 6854

ii,, HC125

225 48020 en ill :11'33337

1.50 6852

1.50 76489
0.90 8035

32Ir, HC138

1.70 8068

4.15 "C1392.507.0 0080:5A0A

1.90 8131

ay, HC14

350 8156

975 HC15
450 HC'53

225 6212

3.50 HC1582.45 8155

332'.50 828211

a. HC160

3.00 8228

mc.cHC145.8.12

2.00 82513A

HC196

3.133 8224
3.00 8228

250 6243
2.00 62514
3.00 8253

190 8257.5

325

420.190:0' 82,3362728277

3.00 82720

HC257

,I3,'L° HCHC24242

-3.- HC244

1.80 5255

1.50 8259

4.50 62813

,,,a HC

1.10 87266

--- HC273
:2540

2.50 8281

1.00 8T28

,0.0.3 HC393

275 8731

0. HHCc452,

0.90 8127

1.20 8197

1.47: HC534

125 13748

3 45
225 8795

1.80 8198

155 9216
130 MC1488
aeo MC1489
2.10 MC3242
3.00 14C3446
1.30 mC3447
090 kIC3.486
130 MC3487
1.30 790ACPU
130 280BCPU
ZOO 2006CTC
2.50 2KIAOART
1.95 nosce4.4
630 2800P10
210 293ASIO 500
045 Z804510-1 8.00
150 2804510-2 0,00
035 U1.521:02 am
035 ULN2003 070
ass 01.92004 070
a45 TM59901 5.75
080 11459902 595
150 10559914 1600
045 T14159918 10 CO
1E0 TA15928 5.00
aro TIN59929 5.00
090
050
080
400 62256P15 12.50
020 2114-2 2 75

. 0.55 2716-3505/5 425
1.30 2732-4505/S 4.25
0.80 27324-200 5.00
1.75 37322 3211 1.25
200 2764-25 '3.26
460 27C64-25 8.50
3.10 27128-200 4.00
2.40 27728-250 3.50
2.75 27256-25 4.25
1.50 4116-3 a7s
0.38 27512-25 ,9.00

080 4184P-15 1.85

700 41256-15 2-95

030 27512-25 900
0.50 50258-12 450
090 611131.P3 150N/S 2.00

2.75 13116P4 200N/9 200
7.50 HM1321341P12 400
7 50 HM62114LPIS 300
3.00 TC5501P 4.00
350 TC55144P3 2.95
350 TC5516APL2 290
2.40 TC551713P 2.95
7.90 TC5565PLI5 355
120 UP541484C-15 800

1.90
2.50 DIODES
2.75

1,5"545.0%1

010
010

79105
79108

033
040

155404 0 12 791_12 033
155406 014 791_15 040
I55408 017 791_24 080
0A47 014 7918 0040. 010 7924 040
0491
15941

0 13
007 CMOS

25 74HC&5 50

300
1.80
150
3.40
290
590
440
875
290
500

MEMORIES

66119
44129
044001
1,44002
154003
154004
154005
154006
164007
154148

HC540

ass m,s'741
085 HC75
1.40

12.00
HCT240

0.65 HCT241
065 HCT244
8.50 FIG1245

HCT640

CRYSTALS
32 768 60x 095
100 0 l(Hr 400
1 MHz 2.85
18432 MHz 1.90

20MHz 200
2 4578 Mstir

275
275 1691

2.00 1770

3.00 1772
3.15 1793

4.00 2793
1.10 2797

300
215
2.15
200
7.50
200
700
525
2 75 25 M117

30 MHz
3 2768 MHz
3 579545 MHz
3 6864 MHz
400 MHz
4 194304 MHz
4 433619 MHz
4 9152 MHz
800 MHz
8 144 MHz
84 MHz
6 5538 MHz
7 159 MHz
7 3728 PAH.
80 MHz
100 MHz
12 03 AlHz
15 03 MHz
160 MHz
18 432 MHz
20 0 MHz
32 00 MHz
36 0014Hz
4800 MHz

0 28
0 28
0 28
028
028
025
0.40
028
aeo
0.40
0.26
0.40
aeo
0.70
0.26
0.70
0.70

0.70
070
0.70
0.50
0.50
080
0.80
080
085
0 80
080
080
060
0.00
1.00
1.00
1.00
1.00
1.00
0.80
0.70
1.00
035
1.00
1.00
050
0.26
Igo
200
200
aso
050
1.00
1 75
1/5
1 50
2 20
240

4000
4001
0002
4006
4007
4008
4009
40103
40104
40106
40107
40108
40109
4010
40110
40114
4011
4012
4013
4014
4015
40181
401638
40188
401748
407758
40176
401878
40180
401925
40193E1
401945
401913
601065
40200
40205
40225
40235
402413
402578
4025
4026
4027
4028
4029
4030
4031
4033
4034
4035
4038
4040
4043
4044
4045
4046
4047
4048
4049
4050
4051
4052
4053
4054
4055

175 4056
7.90 4060

200 4063
tap 4088

aoe 4067
170 4058
120 4069
1.30 4071

0.96 4072
1,0 4073

0075
4076
4077
4076
0081

4082
4086
4089
4093
4094
4095
40%
4097
4099
4502
4503

VOLTAGE
4506
4510

1.30
130
230
1.50
1 30
1.50
130
1.50
1 30
175
1.75

1.30
1 75

120
1 30
1 30

REGS 451511

42
1805 0.35 4514
7808 0.35 4515
7806C6 056 45168
7812 0.35 451713
7815 0.35 45,88
7815CK 0.56 45208
1818 0.35 452213
7624 015 45288
781_05 aeo 4527B
78105 045 45328
78112 030 45368
78115 030 45386
78124 0.65 45438
7905 0.40 45558
7905 0.40 45560
7912 0.40 45848
7915 0.40 45858

DIL SOCKETS
004

004 TP Turned Pm LP Low Profile LP TP
005
005 8 P15 I C SOCKET 005 026
0 05 14 PIN I C SOCKET 0 07 0 35

aoe 16 PIN I C SOCKET 008 038
008 18 PIN I C SOCKET 009 043
002 20 Pm 1 C SOCKET 010 048

24 PIN I C SOCKET 013 052
%PIN I C. SOCKET 014 055
40 PIN I.C.SOCKET 0 18 0 55
20 PIN Z IF 416
28 PIN ZIF  87
40 PIN ZIF 7 02

SPECIAL OFFERS

Seagate 20148 Hard Disc
Panasor% 64P1081 Punter
TEAC 12MB Disc Drive
AT 2000 Power Supply
xT 150W Power Supply

Ex VAT P&P
24000 300
169.00 7.00
109.00 2.00
6500 200
65 00 200

WE MANUFACTURE ANY CABLE ASSEMBLY IN ANY QUANTITY. FULL PRODUCTION FACILITIES. QUOTATIONS ON REQUEST.
All items are Brand New and fully guaranteed  Export Orders - carriage at cost Please add £1.00 P&P to all orders unless otherwise stated
Government and Educational orders welcome  Stock items dispatched by return All prices are EXCLUSIVE OF VAT - please add VAT to total inc P&P

MAIL
ORDER
ONLY
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TECH TIPS
D001 Chimes
G Landry
South Africa

This circuit is not just another
two tone doorbell but is

envelope modulated to give a
realistic 'ding-dong' chime sound.
It also has the battery saving
feature of consuming no power in
standby mode.

Pressing SW1 turns on 01 to
power the rest of the circuit. IC1a is
a low frequency oscillator provid-
ing clock pulses to the decade
counter 102. Q2 is switched on
when the counter passes zero and
maintains the power for a complete
cycle.

The fast attack, slow decay
envelope is formed by D4, C3 and
R8 at the first count. Q4 modulates
the output of audio oscillator IC1d
which is fed to amplifer Q5 and the

+9V QI

R1
330R

El SW1

OV

IT 220u t
R4
47k

D1

R3 D3
2k7

D2

IC1b

1 IC1a

00:510

R2 R5 R6
2k7 6k8 100k o C2

14 12

R7
22k

Tub"

3 14

0' '1

'5
ICI

CO

C K '9'

R

C6
100n

R12
D4 100k 5 !Cid

NOTE:
IC1 = 4093
IC2 = 4017
Q1 = 2N2907
Q2,3,4 = BC237
Q5 = BC617
01-5 = 1N4148

03

11777

LS1
64ohm

FI14
220k

loudspeaker.
At count 5 from the counter,

another envelope is started from
D5, C3 and R8. The carry out pin
goes low and C4 is introduced in

parallel with C5 to produce the
lower 'dong' sound.

At count 9, the counter is reset,
Q1,2 are turned off vialC1b and the
circuit is ready for another ring.

Motorcycle
Regulator
D Noble
Kyle

or his circuit was devised to pro-
vide regulation for the lighting

circuit added to an off -road motor-
cycle without lights.

The principle is straight-
forward. Any extra energy from the
bike's generator is dumped. The
741 acts as a comparator. The
output is low when the supply
voltage is less than the desired
value. When the supply voltage is
greater than the desired output, the
output of the 741 goes high and the
transistors are switched on, taking

FSI

SW1

0 GENERATOR

131

1k0

RV1
1k0

ZD1
5V1

01

NOTE:
ICI = 741
01 = BD437
02,3 = 2N3055
BR1 = 25A BRIDGE RECTIFIER
FS1,2 = 10A FUSES

Q3

F52

+VE
LIGHTS

-VE
LIGHTS

current from the generator and
reducing the output voltage.

The switch on voltage is set by
RV1. A bridge rectifier was chosen
to provide greater power at low

revs (tickover).
The transistors are mounted on

a large heatsink and the whole
circuit coated with a paint to keep
out water.

NOTE.
Q1,3 = BC237
Q2 = BC337
ZD1 = 5V1 ZENER

battery rteguiator
G Landry
South Africa

This voltage regulator circuit
provides a 6V output from a 9V

battery input and can maintain the
output with an input as low as 6.5V.
Up to 180mA can be supplied.

On application of power, 02
switches on via R2. 03 drives Q2 to
ensure the voltage across ZD1 and
the base -emitter voltages of Q2
and Q3 are constant with varying

supply voltages and output
currents.

The output voltage can be
trimmed between 5.7V and 6.7V
with RV1 as the zener voltage is
dependent on the current through
it.

Q1 is switched on and lights
LED1 to indicate that regulated
output is available. If the supply
voltage drops below 6.5V then 01
and Q3 turn off, the LED goes out
and Q2 is driven hard on connect-
ing the output to the supply with
minimum power dissipated in the
idle regulator.
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READERS' CIRCUITS

Printer Switch
M Pill
Nazeing

This design offers a convenient
way of enabling two different

printers or a printer and a plotter to
be used with a computer which has
only one parallel printer port. It
uses tri-state buffers to switch the
signals from the computer to the
printer currently required.

Which printer is active at any
one time is determined by the
toggle switch connected to the
'enable' inputs of the buffers. With
the switch in the position shown in
the diagram Printer 1 will be active,
as the buffer control pin is pulled
low by the switch, activating the
buffer outputs. The buffers feeding
Printer 2 will conversely be open
circuit due to the action of R2. The
printer control lines are treated in a
similar fashion to the data lines.

An added advantage of using
buffers in this way is the driving
capability they add to the printer
port. The printer ports on most
computers tend to be unbuffered.
This can lead to corruption of data
when long cables are used.

The circuit will need a 5V
supply which in most instances can
be obtained from the computer and
fed down an unused wire in the
cable.

The circuit could be expanded
to drive more than two printers or
even reversed to allow two
computers to share one printer.

20 ,°c) ov
°BUSY PRINTER 1BUSY 0

12 21+-4° BUSY PRINTERCONTROL SIGNALS 2

FROM/TO COMPUTER STROBE 0 ()STROBE PRINTER 1
',=0-.0 STROBE PRINTER 2
16 ACKNLG PRINTER 1ACKNLG

IC10
15

 0
11

ACKNLG PRINTER 2
"FAULT 0 ()FAULT PRINTER 1

19
=1-4--0 FAULT PRINTER 2

Ov

DATA SIGNALS
FROM COMPUTER

000

D1

R3
1k0

19

2

3

4

02 0

03 0

1340

D50

8

7

D60

070

9

8

7

Ov

10 1

.1i-0-0 DO
4131
002

IC2 12
0 D3PRINTER

2 0 D4
1w0 D5
16 0 063_,_0137
20

6

5

3

2

19

NOTE:
IC1 = 74LS244
IC2,3 = 74LS245 R4

1k0

V

IC3

20
18

16

13

15

17

10 1..

007
OD6
005
OD4
003
0 D2
OD1
000
0

OV

PRINTER 1

Soft Turn -On
Dimmer
F Choy
Singapore

U igh current surges through the
1 I low resistance of a lamp's cold
filament when power is first
applied. This can be fatal to the
lamp, particularly if switched -on at
or near the voltage peaks.

Such a disaster, however, can
be avoided by incorporating soft
turn -on, that is, to let a lamp be
dully lit for a few initial moments,
pre -heating its filament. This
circuit provides a warm-up period
(determined by R7 and C2) of
about one second during which
analogue switch IC1b opens
leaving the wiper of RV1 un-
connected.The timing resistance
from Q3 is therefore the full
resistance of RV1, corresponding
to minimum lamp intensity while
C2 charges via R7.

After one second, C2 is
charged up to the threshold of 101 b

LIVE

6k8
2W

R2
7k5
2W DI

NOTE:
ICI - 4016 connect pins 6,12 to pin 14
al - BC548
02 - BC558
03 = 252646
SCR/ = TR IAC TO SUIT LAMP
016= 1N914

R3
12k

R5
3

4.41111

R4
39k

201 12V
250mW

Z132 12V
25OrnYV

0
NEUTRAL

14

R7
1M5

13

3

ICla

IC1b

D6

CI +
10. --
16V T

68k +C2

T

2

R8
7k5

C3

330T

RV1
250k

240V
BULB

C4
100n
400V

SCR1

closing it for as long as power
remains on. Now the wiper of RV1
is effectively shorted to its upper
end resulting in a conventional
phase control lamp dimmer. IC1 a is
switched on by the rectified mains
through D1 so the potentials on

each side of switch 101 b are equal.
When power is removed, R6

discharges C2 via D6 in prepara-
tion for a new warm-up period. The
rest of the circuit provides a 12V
supply and synchronisation for Q3.

ETI

ETI MARCH 1988 4/



PLAYBACK
aEDD

I I t I

c== 000
Oft ..m.

I n many areas of electronics
good design ideas are thought

up and sometimes patented
years or decades before they are
really practicable. Maybe an
effort is made to apply the idea
commercially for a while, and
the unsuccessful attempt deters
further consideration of it for
some time after it becomes
feasible. The idea of class D
audio power amplifiers may well
fall into this category.

A class D power amplifier
works somewhat like a series
pass, switched mode voltage
regulator. Of course, the output
of the class D amplifier is AC
instead of DC and is constantly
changing, so it is not possible to
optimise the design for a

specific output voltage but many
of the ideas are the same.

Another application which
bears a striking resemblance to
a class D audio amplifier is a
switched mode uninterruptible
power supply. In this system, a
variable mark/space ratio
switching signal is generated
and filtered to remove the
switching frequency leaving a
50Hz sine wave on the output of
the supply.

The same idea can be applied
to audio signals. The problem is
more difficult because a wide
frequency range must be
accommodated. Also, a distor-
tion level acceptable on a power
supply would be far too much for
an audio signal.

If the problems were solved,
the resulting design would have
two great advantages over
currently available amplifiers.
The power dissipation would be
very low and there would be no
crossover distortion. Why?
Because there is no crossover
region.

At zero output the switching
stage would provide a square -
wave at the switching frequency,
and the mark/space ratio of this
square wave would alter in time
with signal excursions. There is
no discontinuity at any point.

I admit the same is true of
class A amplifiers but for any
substantial power rating the
heat generated is a problem and
the noise of the cooling fan can
spoil the music.

Duplication
Recently, over a pint at the

local, a friend who works for a
consultancy asked my views on
high frequency audio amplifier
design. Apparently they had
been asked to design an audio

distribution amplifier for use
with audio cassette duplication
equipment.

The draft specification may
interest or shock audiophiles,
particularly those who advocate
amplifier bandwidths exceeding
that of a bat, or distortion figures
of around 1E-6 per cent.

Apparently the duplication
equipment has to work at 128
times normal running speed in
order to make the process
economic.

The bandwidth specified for
the distribution amplifier was
400Hz to 1.6MHz, which corres-
ponds to a single speed audio
bandwidth of 3.125Hz to
12500Hz.

Low Response
I do not regard this as impres-

sive at the high frequency end,
but the low frequency perfor-
mance is anomalous. This low
frequency response is needed to
record the low frequency cue
tone used on some tapes.

The basic amplifier was
required to drive ten 50R co-
axial cables, terminated at both
the sending end and the
receiving end. This attenuates
the signal to half its original
amplitude, so a corresponding
gain is required in the amplifier.

The normal operating signal
level was specified as 4V peak to
peak, with an overload margin of
26dB on this level. This corres-
ponds to a maximum signal of
80V peak to peak, which
represents 80W into the
maximum combined load of
10R.

Specification
This specification may well be

partly the result of a specifi-
cation writer's nightmare but
assuming it is realistic I would
imagine that an amplifier
designed to meet it would use a
quasi -complementary output
stage with hunky RF power
transistors.

How likely is such a device to
exhibit distortion figures of
0.01% or less, I wonder?

Here is just another example
of how the source material is
mistreated before it reaches the
punter.

If this type of signal handling
is rife in the music publishing
industry then it would seem to
make that last fractional
improvements in hi-fi equipment
rather academic.

Andrew Armstrong

OPEN CHANNEL

Acouple of months ago
(January ETI) Open

Channel reported on the second
generation of cordless tele-
phones, codenamed CT2,
currently in development. CT2
cordless phones are digital and
will operate at similar fre-
quencies to current cellular
radio phones (around 900MHz).

Then I said the first CT2
phones will be similar to existing
cordless phones.

I also prophesied that future
CT2 cordless phones will be
developed as a single base
station with a number of port-
able handsets - rather like
existing private branch
exchanges without the wires.

It appears, however, that
another use for CT2 cordless
phones is just around the corner
- called Telepoint in which
base stations are located in
public places. Anyone having a
portable handset within a short
range of the base station can
then access the network.

Typical public places would
be train stations and shopping
centres and the base station
areas would be known as Phone
Zones. Users won't need cash to
make a call as they will be billed
direct to their home addresses.

This new telephone service (if
it gets off the ground) is to be
operated by Ferranti and has
been developed by a company
called Libera, although Libera is
in fact part -owned by Ferranti.

Libera has reported that
operators in France have
already been found and the
company is currently recruiting
operators in other European
countries.

But When?
Operation is hoped for by the

middle of the year but this
depends on appropriate
licensing by the Department of
Trade and Industry.

It appears that licensing of
systems installed inside public
places will be more easily
obtained than licensing required
for system use, say, in the street.

One big problem in the DTI's
system licensing procedure is
the fact that little or no standards
have yet been produced for the
proposed system - basically
because it's such a new concept.
I would hope this should present
few problems to the DTI as the
system appears to have found
market -places both at home and
abroad, long before any foreign

competition has even thought of
a similar product.

This move by Ferranti into
telephone operation services is
interesting, particularly when
viewed with two other happen-
ings. First, the company's recent
merger with American Inter-
national Signal and Control.

ISC is a large supplier of
defence equipment and
services, so any experience
Ferranti gains from telephone
and communications operation
will be a big plus in the defence
market.

The second notable happen-
ing is Plessey's buy-out of
Ferranti's semiconductor
division. Plessey is reported to
have paid £30m for this and will
now be by far the largest chip
producer in the United King-
dom. As far as Plessey is con-
cerned this can only have
advantages in terms of economy
and pricing.

Six months ago Ferranti was
basically a chip manufacturer
and finding life very difficult.
Today it is a systems supplier. It
will be interesting to watch
Ferranti's fortunes in the near
future.

No Competition
Plessey, of course, has

recently merged its telecom-
munications division with that of
GEC to prevent self-destructive
competition.

Rumours abound that
Ericsson, too, wants to get in on
the act to make a European tele-
communications force which
will further reduce competition.

If such a merger came off,
there would be little to prevent
the combined companies from
upping prices considerably.

Although this would suit
Plessey, GEC and Ericsson, it
would not be agreeable to com-
panies (like British Telecom)
which as a matter of principle
always prefer to foster com-
petition in equipment procure-
ment by inviting tenders from as
many individual suppliers as
possible.

Given the truth of such
rumours Plessey/GEC should
take care not to give too much
thought to a merger with
Ericsson. BT and other cus-
tomers are not going to change
procurement policies just for
their benefit. Non -European
suppliers will be asked to tender
and competition may then be
even fiercer.

Keith Brindley
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KEYNOTES

AS
0
0
00

Rubbish! I am referring to the
deluge of inaccurate adver-

tising and parrot -fashion media
reporting that digital audio tech-
nology drags in its turbulent
wake.

While not being in quite the
same league as relativity or
quantum mechanics, the
subtleties of analogue/digital
conversion have certainly
proved sufficiently complex to
cause wholesale confusion.

Good CD players sound better
than bad CD players, despite
having identical 96dB signal to
noise (S/N) specifications.

In response, the well-meaning
but conditioned equipment
reviewer instinctively points the
finger of blame at the output
sample -hold (if present at all)
and lowpass filter (often quoted
as an anti-aliasing filter, which it
isn't - aliasing occurs only at
ADC inputs).

In most cases, the accusing
finger should instead be
directed toward the DACs,
which in the case of CD players
rarely break 85dB.

Ignore the issue of over -
sampling, as found in some CD
players. Oversampling is simply
a technique which allows con-
vertor accuracy to be traded off
against conversion speed with-
out sacrifice in S/N performance.

Given that precision audio
DACs are at best rather suspect,
it is worth considering next the
other end of the digital chain, the
ADC. After all, what comes out
cannot be any better than what
went in.

In short, audio ADCs are quite
definitely not yet firing on all 16
cylinders. Almost all ADCs in
current audio use are based on
the successive approximation
(SA) technique, in which a DAC
and voltage comparator placed
within a digital feedback loop
home in on the input voltage
over a number of clock cycles.

A 16 -bit SA ADC must perform
16 internal D/A conversions per
sample and so cannot be
expected to be as accurate as a
simple DAC because higher
speed generally results in lower
precision.

Most 12 and 16 -bit ADCs used
by the audio industry are Burr -
Brown SA types, notably the 16 -
bit PCM75. This £30 device is
quoted as having a dynamic
range of 90dB when used in con-
junction with a perfect sample -
hold (which Burr -Brown are
unfortunately not able to
provide). With a precision

1.1111111r27 -4k

discrete component error -
cancelling sample -hold and with
a lot of care, feeding and loving
attention, the PCM75 can reach
down as far as 88dB - on a lab
bench, when the wind is blowing
in the right direction.

In the harsher environment of
a commercial production line a
figure of 80dB is more typical.

SA is not the only viable
approach to A/D conversion but
other approaches currently offer
little or no advantage. For
example, Sony's 16 -bit CX20018
dual ADC employs a dual -ramp
integration conversion process
to achieve a respectable 86dB
according to the data sheet but
what gives the game away is the
fact that Sony use the Burr -
Brown convertors in their own
professional recording
products.

Most of the inaccuracies of
convertors are attributable to
resistor ladder tolerances (and
thermal drift), settling times,
stray capacitance and ground
loops. A hidden and easily over-
looked source of error in pre-
cision convertor circuits is
actually the stability of the clock.
A timing jitter of one part in
65,536 can correspond to the
loss of as much as one bit of
precision in a 16 -bit system.

A well designed crystal
oscillator is more stable than
this but what about glitches and
variable loading effects in the
intermediary logic and on the
digital supply rails? This source
of error applies equally to DACs
and ADCs.

Purveyors of 16 -bit audio
equipment are able to per-
petuate their 96dB mythology
only by dint of the considerable
difficulties involved in
accurately measuring S/N
beyond about 80dB.

In practice the measured per-
formance depends as much on
the measurement configuration
as it does on the quality of the
convertor circuit itself, so it is

hard to categorically prove or
disprove claims.

Reading a professional audio
magazine recently, I happened
across an advertisement from
TC Electronic of Denmark for a
2U rack -mount delay/effects
processor sporting '18 -bit
resolution, 1MHz sampling rate'
at 'a quarter of the price of any
truly competitive unit' to boot.
Changing the subject, do you
see that flock of pigs up there?

Bruno Hewitt

TEST INSTRUMENTS
UK's LARGEST IN -STOCK

RANGE

DIGITAL MULTIMETERS
All Th Digit LCD.

KT305 t 125 range
plus Me test

IDA AC/DC 20meg
buzz 0.5%181

£33.50 tCase C2.17

KTIO I-131 range
incl. 5 range CAP

10A AC/DC 20meg
buu 0.5N Mt

moo *41/2 Digit,

KT5005 1'1 4 digit 28 range
plus 111e 10A

AC/DC Mote 0.07°.,,IPB1
£83.00 °Willi Case,

KD508 11-1 15
r.ange AC/OC volts

020 DC 2 meg 1St

£19.96 (R = Rotary

KD578 rfl 29 range
10A AC/DC auto

range display
hold OB°.0 101

£34.50 Pb = Push Button

6010 1128 range
10A AC/OC 20 meg

025.0 1PB1

£33.50 S = Slide)

7030 1-11 0.1° ,,,
version ol 6010

£39.50

50101C
1 34 range incl.

CAP Hie temp etc
025°,0 181

£52.13- 1

M3530 1'1 28 range
incl. 5 range

CAP plus 8t,
iRA AC/DC 05 101

£53.0u

M3800 1 1 313 range plus
Elte 29A AC/DC

20 Meg 11,55.1111

E35.00

M3650 El 30 range
incl. Me CAP

Mealier. 20A AC/DC 0.3%181
£57.00

M38001-130 range Me 20A AC/DC
29meg

,°101 05.00

M46301130 Rarr$ CAP  tile.
Whole 20R AC/DC

29meg aVo1F11
£77.00

liC5010 r131 Range
10A AC/DC 213meg

0.25°,,,,101

£36.50

Hcre rl 0 Range
10A AC/T1C Auto

range  Me 
mem/hold 11.5° 0 181 £41.00

6511 C1 wallet auto range

£14.95

0M205 ri14 range
100 DC Me test

display hold 0.5°-0 181
£21.50

SCOPES (*with probes)

NAMES - all with coniponent
testers

*203/6 Bull ZOMHZ
£3_14.00 GENERAL

OSTSM

*806 Dual BOWL
3 chan delay etc

Eueis.00 5M112
Bench portable

*205/2 Dual 291.912
 digital store£527.00

£146.00

*604 Thal 130A1142 
sweep delay

£575.00 HITACHI
V212

THANDAR SC110A
Batt 10MHZ

Dual 20M111.

Portable

£195.00
£330.00

CROTECH 3031
20A1B7 Single

 HUNG CH ANG 615
Dual 15MHZ

track  comp.
£199.00 Batt/Mains

£399.00

Scope Add ons.
Storage 10201.8CH

adaptor OM 35B.
Logic analysers

LA100. Ask tor prices
and details.

Also stockists
W Hitachi. Hung

Chang and Crciech.

POCKET INSTRUMENTS
i'll'ile

-

*K55201a Range
Digital Cap Meter

£3474

 5551Z to 15091Z
Audio Generator

£47.50

2030ET 27 Range
multimeter 111A

AC/OC  Me  Cap £37.90

5050E41 Range
FET meter 0.1 ,

A. l000 meg etc
£28.65

 102Z 19 Range Meter
20K/11.10A DC Buzzer

£10.39

07 29 MHZ Logic
Probe. TT L, cmos

£9.52

625 50 M111 Logic
Probe  Logic Pulse

0.5/ 400132
f22-95

X1/810 Scope/Inst.
Probe 250 tn147

with access
£11.50

 PFm 00a
200M112 LED B digit

Free counter
£75.00

KonI6 1 5MHZ to
250MHZ TR tlipmeter

£43.04

1K011 Res clamp
meter

£22".,.. 8,,,,,..3
 1C200 Digital LCD

*501 Electronic
insulation tester

513031 DC 100 meg
t.133.Utl CAP/RES/IND

£85.00
*ST300 0/300

AMPS AC 5 range
0/13004 AC 4 ranges

6060 Digital power
meter 2KW / 4KW tau power

Eas so MHZ Logic
probe ___

10A AC/DC volts
LCD

to4.04 Oa logic puller
T.LZ..uu

 TH301 Digital temperature
meter with probe LCD £59.50 . 518C Digital LCO

19 range, analogue
meter. 12A AC/OC

£.14.17 cAriaEsismie
£57.00

DC POWER
SUPPLIES
2404 AC input.

Stabilised variable

output voltages.
Direct

meter reading
volts and

amps.

2430/24 volts 0/3 amps DC
£50.39

245 0/24 volts
0/5 amps DC

£64.50

1/340/ volts 0/ 4 amps DC
£36.50

0/304
3A DC twin meter

£66.00

T HURLEY,
OW."11044000 DIGIT

AL ISO's

AVAILABLE

G0MStlitillItglittS0111111WISC

:1110tRila TOOLS

SEE CATALOGUE
AUDIO/TV /VIDEO/COMPUTER

ACCESSORIES -

BENCH DIGITAL
MULTIMETERS

392 digit LCD 100,
9 AC/OC 100mA

100m
METERS

buzzer battery
operated ZIA AC/DC

3225 025', basic
E89.00

3210 true RMS
Version aro

£119.00

1m3553y, digit
LED 108 AC/DC 025°'o

Man operated)

£85.00

1m351 LCD
0.1%£115.00. Tm

356 LCI)

0.25° ,, 195.00

8035 LED 20A
AC/DC 0.1,0

£139.00

8035T LED 20A
AC/DC True RtAS

£179.00

814502 Woe LED
20A acroc UP. £169.00

COUNTERSLS
& TIMERS

ALL BENCH
MODE

FREQUENCY
COUNTERS

ME

2213/24ou AC Et digit £99.00

MET600
LED 0.11.12

£126.00

MET 1000 RESOLUTION
£175.00

tali 500 Smy min Sensitivity
£199.00

T1200
s (wart ga0200ttittz£175.00

COUNTER/TIMERS B
DiGit LED

APPOLLO 10 S
MODEL

£219.00

APPOLLO
100PLUS DISPLAY HOLD RPM

STOP WATCH
ETC.

£285.00

ifI

SIGNAL SOURCES
AC220/ 240 b operations

FUNCTION
SINE/SQ/TRIANGLE/TTL

Jupiter 500
Din to 500KHZ

£110.00

TG101 0.02112 to 200KH2
£110.00

16102 0.2HZ102MHZ
£160.00

JuPiter 2000
2tI7 to 2ten2

£149.00

TY-VF/U-VO
PAL

HF 5.5/6/6.5MHZ
Ern SOUND RGB

2

SIN o/ps Colour -
B/W etc.

£199.00

DIGITAL
DISPLAY to.atz - 2Mhz)

20 4 diga 0.2112
2M142 Function

£165.05.000

80160 6 digit 0219-
2Mliz function al

wig 5 digit AM/FM Function
£250.00

olSWEEP
FUNCTION Azitz- 2Mhz1

8016S FM mod 6 types
wave-lorm ET 90.00

8019 5 digit 02MHz
2MHz AM/ FM

Function
1250.00

PLEASE ADO VAT 1018 ONLYI

CATALOGUES WITH Web
DISCOUNT VOUCHERS Send 12 x 19 SAE (SI Stamp UK)

TRADE  EDUCATION  EXPORT SUPPLIED

ORDER BY POST OR PHONE DAYS6OPEN A WEEK FOR CALLERSHEnRy 1.40472RIEEtLIA D

Account Enquiries 01-258 1831. Telex 298102 Trans G
Also at 301 Edgware Road, W2. Tel: 01-724 3564
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issues
FREE

When you take out a subscription to any of these magazines

EUROPE
MIDDLE

EAST FAR EAST

REST OF
THE

WORLD
A&B Computing £27.30 £27.60 £31.10 £28.30
Aeromodeller £27.00 £27.20 £29.00 £27.50
Citizens Band £20.10 £20.30 £21.80 £20.50
Clocks £32.40 £32.60 £34.70 £33.00
Commodore Disk User £18.00 £18.20 £19.30 £18.40
Disk User £21.60 £21.70 £23.20 £22.00
Electronics Digest £12.90 £13.00 £13.70 £13.10
Electronics Today International £21.00 £21.20 £22.80 £21.50
Ham Radio Today £20.10 £20.30 £22.00 £20.60
Military Modelling £22.40 £22.60 £25.20 £23.10
Model Boats £20.00 £20.10 £21.80 £20.40
Model Engineer £35.40 £35.70 £39.00 £36.30
Photography £22.00 £22.30 £25.00 £22.80
Photoplay £16.70 £16.90 £18.70 £17.20
Popular Crafts £21.40 £21.60 £23.60 £22.00
Radio Control Model Cars £21.10 £21.30 £23.10 £21.60
Radio Control Boat Modeller £10.00 £10.20 £11.10 £10.30
RCM&E £20.40 £20.60 £22.90 £21.00
Radio Control Scale Aircraft Quarterly £11.10 £11.20 £12.00 £11.30
Radio Modeller £20.00 £20.20 £22.40 £20.60
Sea Classic International £10.70 £10.80 £12.00 £11.00
Scale Models International £19.60 £19.80 £21.50 £20.10
Video Today £20.20 £20.40 £22.30 £20.70
Which Video? £19.40 £19.50 £21.20 £19.80
Woodworker £22.80 £23.00 £25.70 £23.50
Your Commodore £22.00 £22.30 £25.20 £22.80
Model Railways £19.10 £19.30 £21.50 £19.70
Practical Wargamer £7.10 £7.20 £8.00 £7.40

The Above Offer Applies to Overseas Subscriptions Only
This offer is also open to existing subscribers who may

wish to extend their current subscriptions.

Please commence my subscription(s) To with the. Issue
I enclose my cheque/money order for made payable to Argus Specialist Publications Ltd.

or debit £ from my Access/Barclaycard No.
valid from to Signature
Name
Address

Access Send this form with your remittance to:

INFONET LTD. (S.O. 88) 5 River Park Estate,
Berkhamsted, Herts. HP4 1HL.
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PCB FOIL PATTERNS

The Gas Alert PCB foil

ETI PCB
SERVICE

E8803-1 Co -processor RAM board N £13.10
E8803-2 Beeb-Scope (3 bds) 0 £15.80
E8803-3 Jumping Jack Flash E £3.23

TO: ETI READERS' SERVICES DEPARTMENT
Argus Specialist Publications Ltd,
9 Hall Road, Hemel Hempstead,
Herts HP2 7BH

Please supply:

No. required Board reference
per type number

E

E

E

E

Price Price each
letter

£

p

Total for
board type f

POSTAGE & PACKING

TOTAL ENCLOSED

£ 0.75p

ORDER TO BE SENT TO: (BLOCK CAPS PLEASE)

Name

Address

Postcode

(Make cheques payable to ASP Ltd)
ACCESS and VISA credit card orders can be taken on (0442) 41221
(office hours only).

Telephone Alarm (July 1987)
In the component overlay (Fig.2) ICI and
IC2 should be swapped. The capacitor to
the right of IC1,2 is C1 and the inductor
between them is L1. The unmarked resistor
to the left of L1 should be a wire link. In the
circuit diagram (Fig.1b) IC4a,b should be
AND gates. IC5 should be NAND gates. The
parts list is correct.

Kappellmeisters (July 1987)
The position of the speaker port in the front
panel was omitted from Fig.2. This should be
a 71/4x41/2in ellipse centred across the panel
with its top edge 21/sin below the panel top.

Knight Raider (August 1987)
In Fig.1(a) pins 4 and 5 of ICI are swapped.
IC2-3 show the correct pin -out.

Car Alarm (August 1987)
In Fig. 1 Q7 is not numbered and its emitter
is shown unconnected. This connects to earth.
The transistors in the parts list went a little
awry. Q2-6 are BC237 and Q7 is a TIP31.

Boiler Controller (September 1987)
In Fig. 2 (a) the primary of 12 is shown
connected to Earth. This should be neutral. In
Fig. 2(b) one of the bridge rectifier diodes,
D6-9, is shown the wrong way around. This is
correctly shown in Fig. 5.

EEG Monitor (September 1987)
In Fig.3a the pins of IC1 connected to the
power rails are shown swapped around. In
Fig.4a R7 is unlabelled and is between C3
and C6. In Fig.5 C20 should be £10 and R18
is unlabelled. It lies between R17 and R19.

ETI Concept (October 1987)
The Power Board parts list wrongly lists R6 as
270R. This should be 270k. Also, note that the
power board's OV rail must not be connected
to Earth or the OV rail of the CPU board.

Printer Buffer (November 1987)
The software for the EPROM had three
errors listed. The byte at 039A should read
20, at 039B 14 and at 0492 30. All numbers
are in Hex.
Dream Machine (December 1987)
The transistors used in this project are
ST1702. BC108s can be substituted.

RGB Auto -Dissolve (January 1988)
In Fig. 5 there are marked two D6's. The
right hand one should be D5 (they are both
1N4148's anyway). In the text the reference
to zener diode D5 should read zener diode
ZD1.

PASSIVE INFRA -RED ALARM
(January 1988)
Fig. 2(a) shows the base of Q1 connected to
ground and to R14. It should be connected
only to R14.
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OSCILLOSCOPES SPECIAL OFFERS

TELEOUIPMENT D83 Dual Trace 50MHz Delay Sweep COSSOR OSCILLOSCOPE CDU150 Dual Trace 35MHz

Large Tube £380 Delay Sweep Dual State Portable 8s10cm Display With

S.E. LABS SM111 Dual Trace 18MHz Solid State Port- Manual NOW ONLY £180 each

able AC or External DC operation Elx10cm display with Optional Front Protection Cover. Containing 2 Probes &
Manual £150 Visaing Hood ... £10
TELEOUIPMENT 1381 Dual Trace 10MHz with Manual SOLARTRON OSCILLOSCOPE C01400 Dual Beam

£160 15MHz With Manual ONLY £85 each
TELEDUIPMENT 814A SingleTrece 10M14z. Solid State AVO VALVE TESTER C7160 Suitcase style 22 Bases
with Manual ... £90 ONLY £25 each (p&p £7)
GOULD/ADVANCE 052515 Dual Trace 15MHz £225
with Manual DISK DRIVE PSU 240V 1N 5V 1.6A & 12V 1.5A out Size

HAMEG 207 Single Trace 8MHz With Manual . £50 W125min H75mm Dl 00mm Cased Uri -used only £10
p&p £27

MULTIMETERS QUERTY KEYBOARD las in LYNX MICRO) putt to make

AVO 8 Complete with Batteries & Leads from £45
Cased f 5 each (p&p t2)
SWITCHED MODE PSU +/ -120 0 25A 5V 15A etc.AVO 8 MkV Complete with batteries Leads & Case £90

AVO TEST SET No 1 (Military version of AVO 8) Com- £12 each (p&p £3)

Clete with Batteries Leads & case £66 OTHER SWITCHED MODE PSU available. Please enquire.

TEST LEADS suitable for AVO METERS Red & Bladt with DISK DRIVES 514' - Double Sided. Double Density 80

2 croccupa & 2 prods (p&p £2) .......... .................... £5 From £50

AVO Model 7x Complete with Batteries. Leeds & carry MARCONI AF Power Meter TF893A 20Hz-35KHz
ing case 140 20uW10W. With Manual (p&p £7) . only £35
AVO Model 73. Pocket Multimeter (Analogue) 30 ranges.
Complete with batteries & leads fie MARCONI RF Power Meter TF1I 52A/1 DC-500MHz 0.5
AVO - 72 Similar to above but no AC currem range With
batteries & leads £10

to 25 watts 60ohm. With Manual (p&p £7) .... only £45

ANALOGUE POCKET MULTIMETERS Philips &Taylor etc. MARCONI AM/FM Sig Gen TF1066610470MHz £250

With Batteries & Leads from £10 MARCONI AM/FM Sig. Gen. TF995 range from .. f150
FARNELLSINE/SOUARE type LFM2 1Hz-1MHz Compact

COMMUNICATION RECEIVERS ............ ........................ . . .... ..

RACAL RA17 500MHz with Manual ......... only £150 ADVANCE SG628 AM 150KHz-220MHz . 180
LABGEAR Colour Bar Generator KG1 8 Test Patterns. NEW EQUIPMENT
(P&P £41 ONLY £40 each HAMEG OSCILLOSCOPE 605 Dual Trace 60MHz. Delay

AVO TRANSISTOR TESTER TT169 Sweep. Component Tester . £583
Handheld GO/NOGG for in -situ Testing Complete with HAMEG OSCILLOSCOPE 203 6 Duel Trace 20MHz
Batteries Leads & instructions (P&P f3) unused f 12 each Component Tester & 2 Probes . f314

All Other Models Available.
ISOLATING TRANSFORMERS 240V INPUT

BLACK STAR FREQUENCY COUNTERS P&P £4240V Out 500VA £15 (p&p f5) 10004 f6 (p&p f2)
24V Out 500VA f 6 Ip&p ES) 200VA £4 (p&p fa) Meteor 100-100MHz £99

Mete r 600 600MHz £126
STEPPING MOTORS Meteor 1000-1GHz £175

Type 1 200 Steps per rev. 4 Phase (5 wire) 12 24V BLACK STAR JUPITOR 500 FUNCTION GENERATOR

Torque 25oz inch will run on 5V with reduced Sine/Square/Triangle 0 1Hz-500KHz P&P f4 .... £110

torque......_.._..£16.00 BLACK STAR ORION. PAL TV/VIDEO COLOUR PATTERN

Type 2 6/12 Steps per rev. 3 P11'0..12/240 (will work GENERATOR £199
on 5V) .. . . f 2 each 5 off ........ . £7.50 HUNG CHANG DMM 7030.315 digit. Hand held 28 ranges

Type 3 NORTH AMERICAN PHILIPS 24 Steps per rev 4 including 10 Amp AC/DC 0.1%. Complete with batteries
wire 5V 3 3Amps 0.25Orpm 0.200 PPs f 6 each

Type 4 200 Steps per rev. 1200 (3 wire) Torque 25oz
inch

& leads P&P £4
.

.

As above DMM 601 .......... :2 . ...5% £33.50

OSCILLOSCOPES PROBES. Switched at: x10 P&P £2Type 7 WARNER 24 Steps per rev. 3 PhaSe (6 wire) 280
Holding Torque 45oz. inch ............... t5 each .. . ... £11

Used equipment - with 30 days gua antee. Manuals supplied if possible.
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone or Lists. Please check availability before

ordering. CARRIAGE all units £16 VAT to be added to Total of Goods & Carriage

STEWART OF31: READING
BERKS RG6 1PL110 WYKEHAM ROAD, READING,

Telephone: 0734 68041 Callers welcome 9am - 5.30 pm Mon. -Fri. (until 8 pm Thurs.)

cm ELECTRONICS LTD op
WRITE OR PHONE NOW FOR OUR FREE,

1988
PINK COMPONENTS CATALOGUE

HUNDREDS OF LOWER PRICES
HUNDREDS OF NEW DEVICES

from the U.K.'s number one 1000/0 components shop - no gimmicks, no
gadgets, no computers, just millions of components, all easily available by
mail order, calling at shop, or credit card telephone orders. Just pick upne,
or a pen, to get the catalogue (no SAE required) - posted FREE to any

country on the globe.
CRICKLEWOOD ELECTRONICS LIMITED
40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET

Tel: 01 450 0995 & 01 452 0161 Telex: 914977

dr% Peres

An& eMil%
die 1

SMJ ELECTRONICS
Specialists in Semiconductors

Transistors
293055 £0.47 250945
293773...(1.65 2001060
293866 £1.10 26C1061
204473 £0.42 2001096
20A564 £0.10 2001213
254608 £0.11 2001306
2SA673 C0.13 2001312
23A678 £0.38 2001318
2SA683 C0.20 2001359
20A884 C0.31 2001384
2SA699 C0.66 2001398
20A733 C0.13 2001874
204966 00.26 2001875
204999 00.10 2001878
2SA1012 COM 2001815
2SA1015 C0.11 2001909
206525 00.25 2001945
25C360 E0.09 2001946
200495 £0.35 2001947
200536 C0.10 2001957
200710 £0.11 2001969
200711 00.011 2001970
250730 (3.93 2001971
200828 £0.09 2SC1972
200900 00.27 2001973
200930 C0.17 2002002

BOOKS

£0.06 2502028 £t.30 2SK30 £0.37 BD235 £0.28
£0.59 2002029 £1.15 2S633 £0.40 80241 £0.34
C0.49 20C2070 £0.74 3N201 C1.11 00243 C0.30
C0.71 2SC2086 £0.43 30640 £1.27 60244C C0.33
£0.12 25C2092 E1.41 3SK48 £2.26 80245 £0.84
£0.74 2502097 £21.09 30688 £0.517 130246 C0.75
£0.09 2002099 E19.25 30697 02.08 BD902 E0.51
C0.22 2002166 £0.95 40673 £1.50 BF244 £0.39
£0.13 2502236 £0.22 BC107 £0.13 BF245 0229
£0.27 2002290 £24.55 BC108 00.07 BFV50 £0.25
mai 2002312 £3.15 130109 £0.14 6E1151 £0.25
C0.15 2502314 £0.30 BC141 £0.26 MRF237... £3.39
C0.14 25C2320 COTO BC142 E0.19 MRF2313.... £13.84
£0.80 2002395 0113.20 BC182 £0.043 MRF450 .... £13.50
COTO 2002539 E10.82 60184 00.10 MRF450A..... E13.80
£0.82 25C3020 E12.90 BC212 £0.06 MPF454 (22.94
C3.41 200234 £0.46 BC214L £0.08 MITF455.. .... £23.85

£12.37 2S0235 00.41 1302313 £0.08 T1P290.... ..... £0.213
£4.29 200313 £0.56 80639 00.12 T1P300... ...... £0.29
(0.68 200325 £0.43 BC640 E0.13 TIP310.. ....... £0.27
£1.58 200330 C0.48 60131 [0.42 TIP320... ...... £0.33
£1.52 200380 £4.26 90132 £0.32 T1P410... ...... £035
£.2.95 200471 £0.29 00135 £0.22 TIP420... ...... £0.36
e8.25 250837 C0.71 BD139 C0.22 TIP120......... 07.38
LO.51 200880 C0.41 80140 £0.25
£0.25 206192 £0.23 BD201 £0.33

Active Filter Boards
Screwdrivers Guide to CB £5.00 A 10695MHz active filter specifically designed lor the HAM
PLL Data Book £5.00 international and NATO 2000 rope CBs. This board
Cybernet Service Manual £3.00 signrlicantly reduces image reception and cross modulation
Uniden Service Manual £3.00 without affecting sensitivny Price £8.90
Crystal Filter
This is a 10 695MHz tkohm 10KHr bandwidth oral filter suitable for most FM CBs. The filter greatly reduces cross
modulation (bleedover) and is extremely easy to fit. Price £2.39

Circuits8egrated
7805 (0.40 HA1377
780600.38 HA1388

(1.90 LC7120 02.75 RC4558
E3.81 LC7130 E3.26 5042

£0.55 TDA1010 .....
02.50 TDA1011....

E1.15
(1.37

7812 £0.39 HA1392 f3.21 TA7061C2.54 LC 00.76 TDA1020 ..... 1:2.28
7815 £0.37 HA1394

77V
£0.59 9A1397

6290 E1.211 HA1398
AN6551 C0.73 LA1230

02.72 LC7132
E2.55 LC7137 mil2.4577

£1.15 147205

TAA7130 2A1512

.se

MSS TA7120 £0.48 TDA1510

c2 LLMH386324

.£01:0:9853

7042002
t0.91 TDA2004

13 .89
t3.12
1:0.74

AN7131 C1.37 LA4102. .. C0.84 M51102.... .....£1.85 TA7217 [1.22 7042005 Lit1.65
/1117140 C1.06 LA4112 ...... f0.94 M51513 £1.96 TA7222 01.22 7042020 £1.81
AN7178. £2.95 LA4140 . ..... f0.58 M51515 1.94 TA7227 ............£2.06 7DA2030 £1.30
134102..... f0.59 LA4201 E1.19 M51517 ........£1.84 TA7240 .. f2.08 TD 00.79
BA521 £1.55 LA4220 . [1.41 ME:3712 . . £0.99 TA7241 COM
0A656 £1.19 LA4250 £.2.23 M93730 f2.06 747270 £1.93 UPCi032 £0.73
004001 00.28 LA4400 02.59 MB3756 [1.94 TA7271 .........01 .93 UPC1156 £2.05
CD4008 £0.89 LA4420 £1.32 M813719 £4.12 747274 ..£1.96 UPC1181 £0.91

CE0.11 LA4422
CD4049D4"1 C0.25 LA4440

E1.13 MC1723 E0.48 TA7310 110.66 UPCi t 82
£1.69 MC3357 £2.11 1475902 t0.99 UPC1185

£1.04
1.81

CD46
£0.34 L44445 01.90 MC3359 £2.33 T9A800 .11.38 UPC1186 £8 .71

004069 E0.18 LA4460 £1.71 MA433108N . 1:3.00 THA8107 20.49 UP01230 moo
HA13001 02.16 144461 £1.71 NE567 £0.52 TC9106 .2650 UPD858 1.95
HA1366W £1.33 L01405 £7.59 TC9109[0.97 PLL02 84.36 UPD2816 C5.34

We have listed only a small proportwn of our stock. Please feel free to contact us with your requeements All prices are
quoted are the one off pnces discounts being available for quantities or ten or more of any one device

Same day despatch on all nems in stock Cheque Postai order- with order Please add 75p postage and packaging on all
orders under C10 00 All pnces are exclusive of VAT

All mail order to - 55 Slatelord Road. EDINBURGH, EH11 1 PB. Callers Welcome. TEL: 031 337 6950/031 337 2446.

0983
PL= Xen-Electronics 292847-11----

LC.s L.E.D.s I.C. Sockets
Low Cost

Capacitors
Radial Load

Resistors
Carbon Film

400111B .12
401108 .12
4011 .12
4017 .31
4028 29
4040 38
4053 .37
4066 .19

4061 .12
Z8OACPU 1.85
7.80APIO 1 68
72171PI 4.00
64021PL 7.30
555 .41

558 3.30
741 .75
LM380N 1.87
TDA3810 5.56
TL07CP .51
5G3526N 3.69
5G35261 4.92
SL486DP 2.20
SL490DP 2.13
ML926DP 3.04

51nrn Dia
Red .13
Green .12
Orange .21
Yellow .15
3mm DiaRed.13
Green

.1336
Orange .21
Yellow .13

6 Way .05
8 We,

.11

.07
Way

W181 Wayay .15
20 Way .16
22 Way .18

.2024 Way.y

.23

40 Way 'aa

2.20F 50V .06
2.20F 63V .11
4.7nF 63V .06
330F 16V .04
47pF 10V .06
47pF 25V .06
47pF 35V .08
47pF 63V .08
47nF IOOV .17
10)1F 35V .06
104' 63V .06
220F IOOV .21
1000F 1017 .06
1000F 16V .06
1000F 25V .07
1000F 35V .06

110°0°'FF 6530VV :2191

10V .06
3300F 16V .19
4700F 16V .25
470iiF 50V .40
4700F 63V .63
10004 10V .23
10000F 16V .27
22000F I6V .45

0.25 Watt 5%
111 to 10110841114

Each .02

88 W811 5%
1001 to 10MS1
Each .04

Fixeded Voltage
g Se., c)

+5V IA .36
+8V 1.5A .68
+12V 1.5A .36
+15V IA .36
+24V LA .68
-5V IA .39
-12V IA 2.10
-I5V IA ,39
-24V IA .39
+5V 0.1A .2810011
+8V 0.1A .28
012V 0.1A .28
+15V 0.15 .36
-5V 0.1A .30
-12V 0.1A .30
-15V 0.1A .30

GM472W (4.78i1)
1.95Turned Pin

6 Way .12
8 way .16

14 ..ay
,e .28"

16 Way .32
18 Way .36220):F

20 W99
.40

22 Way .44
24 Way .48
28 Way .56
40 Way .80

Potentiometers

PCB Mount
Cermet Top Ad)

.30
IRS) .30
SR/) .30
10K1/ .50
2081/ .50
1001E1) .50
200K12 .50Diodes Transistors Connectors

D -Type solder
Axial Lead
4.74' 630 .06
100 35V .11
470F 25V .10
1000F 25V .18
4700F 10V .22

10V .31

1N4001 .05
1N4002 .05
1N4003 .05

.05
1N4005 .05
1N4007 .06
1N5401 .12
IN5406 .14

BC107 .16
BC106 .21
BC109C .19
BCI82 .05
BC212 .05
BC546B .04
BC556A .04
BD233 .42Brys, .54
BF259 .58
BSR50 .49
IRF520 1.61
IRF840 4.10
1112 57
MTP8N10 1.44
TIP121 .34
TIP 126 34
TIP3IC .30
TIP32C .30
292646 1.18
2N3055 .47

Project Kitt
85232 to Contronics
ConvenerIN4004

9W Ski .43
gyi pin .38

9W Cover .9810000F
15W SM 60
15W Plug .53
1sry cover 1.07
25W Skt .60
25W 8089 53
25W cover 1.16

Kit Only 18.40
£80 Rased
Controller Board,
4Mhx Kit Only 20.45
Ultrazonic
Tape -measure
(Display Module
Extra)
Kit Only 23.52
Four Digit
LCD -Module
for above
Kit Only 14.30

Metallised
Polyester
5/7.5mm Pitch

Zeller Diodes
3.3nF 400V .06
0.010F 100V .06
0.0224 63V .06
0.047pF IOOV .06
0.14630 .06
0.150F 63V .17
0.33pF 63V .33
0.474 63V .17

2V7.4W .05207.4
.05

705.40/ .06
9V1.4W .04
10V 4.w .06
11V .4W .05

PCB Mount

15W Skt 1.02
I5W Plug .39
25W Plug 2.15

Mail or Telephone Orders Only Please To:
DEPT 14, SAMUEL WHITES ESTATE,

BRIDGE ROAD, COWES, ISLE OF WIGHT, P0317LP
Please add El for 1st class post and packing, and 15% VAT

to total. Stock listing available soon, please send SAE to
be put on the mail list
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ELECTRONICS TODAY INTERNATIONAL CLASSIFIED
Lineage:
44p (VAT excl) per word (minimum 15 words)
Semi Display: (minimum 2 cms)
E12.20 per single column centimetre + VAT
Ring for information on series bookings/discounts
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and
conditions printed on the advertisement rate card (available on request) cps

01-437 0699 Ext 292

Send your requirements to:
Julie Capstick
ETI Class. Dept.,
ASP Ltd.,
1 Golden Square,
London W1.

ALARMS

FREE BOOKLET
on

BURGLAR ALARMS
with

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY

051-523 8440
AD ELECTRONICS

AINTREE, LIVERPOOL L9 OHU 211E
217 WARBRECK MOOR

SURVEILLANCE

ESKAN
ELECTRONICS

(MANUFACTURERS AND SUPPLIERS
OF SURVEILLANCE AND AUDIO

EQUIPMENT)

MICRO BUG
SK1 Miniature Transmitter 20mm
x 47mm x 20mm, extremely
sensitive. Operates from 1.5v
battery, elegant metal box

included.
Ready built + tested only. £29.50
Kit Form £24.90

EXTRA MINIATURE
TRANSMITTER

EK2 25mm x 30mm x 9mm
Ready built + tested £49.00
Kit Form £37.95

HIGH POWER FM RADIO
TRANSMITTER

EK65, 65W adjustable frequency
Mains operated .1650 + £35 p&p

(Operation in the UK illegal
without licence).

AUTOMATIC TELEPHONE
MONITOR

SK19 ready built + tested £34.50
Kit Form £29.95

Many other surveillance
equipment available. Send large

S.A.E. for catalogue.
SOUND TO LIGHT UNIT

SK72 separate sensitivity, bass,
treble and mid -range frequency

controls, designed and
manufactured to highest
professional standard.

Ready Built £39.95 p&p £3.50
Kit Form £21.95
Casing £11.95
SK70 sound to light control unit
Kit Form £14.95

Send Cheque or P.O. payable to.

ESKAN ELECTRONICS
172 Caledonian Road,

EiLondon
N1 OSG.

Tel: 01 278 1768 =
Trade and Export Enquiries Welcome

 Components
 Equipment
 Kits
 Surveillance
 PCB's
If you can supply

products or
services to al

readers - contact
Julie Capstick

on 01-437 0626
Ext. 291

KITS

4114fr TOP SELLING
K ITS

I-TPIDN§

BUG -87 Matchbox sized surveillance
transmitter - can be received by any
FM/VHS radio £4.95
ROBO-VOX Instantly transforms your
voice into Dalek/Robot type also
amazing feedback/sound effects possible.

£11.95
ROBOT CIRCULAR Unique radio controlled
robot - can also be converted to
control via computer £16.95
EDU-SCOPE Build your own oscilliscope
with solid state display £39.99
EDU-SCOPE CASEKIT £11.99
TIEBRAXIN MUSIC GENERATOR An electronic
device based on an ancient legendary
mystical instrument £12.75

Please add £0.75 per order for P&P. For
FREE Datapack on all our Products /Kits
send SAE. Cheques/PO's payable to: -

1: MA C3- I TRCD/q I GS
Aberdeen House, The Street, Charlwood,

Surrey. RH6 ODS

COMPONENTS

PROMs - EPROMs - PALs
ANY PROGRAMMABLE IC SUPPLIED

OR BLOWN
Typical prices (excluding VAT)

(Data Entry P&P extra)
2716 £4.20 2732 £3.85
2764 £2.85 27128E440

BIPOLAR PROMs from £1.35
e.g. 82S123, 18S030. 74S288
PALs, PLDs etc. from £3.26
e.g. 82S153, 16L8, EP310

Full design and prototyping service.
Any quantity programmed - SAE or

phone for details.
P.L.S., 80 Central Road,

Worcester Park, Surrey, KT4 81-IU
Phone: 01-330 6540

S.H. COMPONENTS presents
18 pages of very competitively
priced semi -conductors,
switches, Opto Electronics, etc.
Send 50p to: 17 Beeley Road,
Grimsby, S. Humberside.

BSR P207 SEMI -AUTO
TURNTABLE

Complete with SC12M ceramic cartridge 240V
AC FEW ONLY AT £25 + a 50 P&P

SP45 3" 40 Watt 8 ohm Baby Boomer
Superb value at only f5 60 t1.50 P&P

ALTAI SOLDER PUMP L4.50 post free
BAGS OF ASSORTED COMPONENTS

£2 10 each
SEND FOR FREE LISTS.

STRACHAN ELECTRONICS (ET)
9 CROALL PLACE, EDINBURGH EH74LT

FREE RESISTORS plus hun-
dreds of low price -manufac-
turers full spec. components,
send £1.50 cheque for samples
and lists or 10" x 4" s.a.e. for lists
only. Dept. (E), D&M Com-
ponent Supply Service, 2
Glentworth Avenue, Whitmore
Park, Coventry, W. Midlands
CV6 2HW.

ELECTRONIC KITS -For those
Winter evenings. SAE for details:
COVE ELECTRONICS, 7 St.
Anne's Avenue, Southbourne,
Bournemouth, Dorset BH6 3JR.

MICRO TRANSMITTER KIT,
500m Range, tunable
88-115MHz, sensitive micro-
phone, £3.95. Cheques/PO's to
Quantek Ltd., (ETI), 267 Rednal
Road, Kings Norton, Birming-
ham B38 8EB.

FOR SALE

2 TRI-TANKS with chemicals.
Hardly used, Must go together
to make a complete process for
PCB manufacture. Tel: 0327
72994.
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APPOINTMENTS

TELECOMMUNICATIONS ENGINEERS
Thamesway - one of the fastest growing operating
districts within British Telecom, is looking for
Telecommunications Engineers in Reading,
Basingstoke, Aldershot, Guildford, Slough,
Bracknell and surrounding areas.
We are looking for people who, ideally, have
electronic/electrical experience or who have an
academic background, preferably in maths and
science subjects. There are also vacancies for
people without qualifications who can
demonstrate a practical aptitude as training will be
provided.

You must be at least 18 years of age, in good health
and hold a current driving licence.
Start salary will range from £5,649-f8,806
depending on age and experience. We offer the
first class benefits of a large progressive company,
including excellent training, a good pension
scheme and every opportunity for advancement.
To apply, just complete the coupon and return it to:

The Engineering Recruitment Manager
British Telecom DP112
Thamesway District
49 Friar Street
Reading RG1 IBA

Name

Tel. No. Day Evening

Address

Date of birth
Type of Driving Licence: HGV/CAR/NONE*
Currently Employed Yes/No'
When could you start work
'Delete which is not applicable

Qualifications: GCE; City & Guilds; BTEC; HNC etc.)

Job History (last 4 jobs)
From: To: Employer: Type of Work: Reason for Leaving:

Please state why you wish to be considered for a Technical Post:

British Telecommunicatiori pie is an Equal Opportunities Employer Applications are welcome from Male and female applicants.

British

TELECOM
It's you we answer to

PCB'S

cbcenerelectronics
PC -B £80

At last, an affordable PCB de-
sign tool for your Amstrad PC.

Plotting service available.
Send SAE for further details,

or £2 for demo disk.

Labcenter Electronics
14 Marriner's Drive,
Bradford, BD9 4JT.
Tel: 0274 542868

CIRCUIT BOARDS manufac-
tured to any chosen design.
Send SAE for details to Mr.
Alexander, 28 Gilman Road,
Norwich NR3 4JB.

PLANS & DESIGNS

ELECTRONIC PLANS, laser
designs. solar and wind generators.
high voltage teslas, surveillance
devices, pyrotechnics==
puter graphics tablet. 150 projects.
For catalogue, SAE to Plancentre
Publications. String Works, Bye St.,
Ledbury HR8 2AA.

DESIGN YOUR
OWN PCBs

With our powerful drafting utility
Available for Amstrad

CPC464/664/6128
Double sided boards
up to 25 x 25 inch

Powerful screen editing facilities
Various track widths and pad sizes
V1.1 £17.99 Tape £19.99 Disc

V2.0 many improvements £29.99 Disc
CADsoft System, 18 Lay Crescent,

Astley, Tyldesley,
Manchester M27 7BD

PRINTED CIRCUIT BOARDS At
very competitive rates: 4 pence
per square centimetre (less for
orders of 10 plus) 1 offs, 100 offs
- send artwork (1:1, single
sided) or drawings/enquiries.
Also artwork carried out.
Watling Wires PCB Production,
52 Watling Street, Nuneaton,
Warwickshire, CV11 6JL. Tele-
phone (0203) 382296.

SWITCHES

VOICE/SOUND ACTIVATED
SWITCHES easy to follow dia-
grams and uses only £1.00. Com-
ponents and P.C.B's available:
Herrington, 63 Home Farm Rd,
Hanwell, London W7 1NL.

REF: ETI/3/88

COURSES

Start training now for the following
courses. Send for our brochure -

without obligation or Telephone us on
06267 79398

NAME o City & Guilds
Exam 271

0 Radio Amateur
Licence

ID Micro-
processor

0 Introduction to
Television

Radio & Telecommunications Correspondence School,
12, Moor View Drive, Teignmouth, Devon. TQ14 9UN.

ELECTRONICS
TECHNICIANS
Updating Courses

London Electronics College,
(Dept ETI), 20 Penywern Road,
London SW5 9SU. 01-373 8721.

Copy Deadline
for May issue.

1st March.

MISCELLANEOUS

HEATHKIT U.K. Spares and
service centre. Cedar Electronics,
Unit 12, Station Drive, Bredon,
Tewkesbury, Glos. Tel. 0684
73127.

TMS320 Starter kit incorporat-
ing TMS32020, 16K Eprom
RS232. Prices from under £300.
For further details send S.A.E. to
Melek Circuits, 18 Kincardine
Drive, Bletchley, Milton Keynes
MK3 7PG.
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RETAIL OUTLETS AUDIO
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PROGRESSIVE RADIO
87/93 Dale Street Tel: 051 236 0154
47 Whltechapel. Tel: 051 236 5489

Liverpool 2
'THE ELECTRONICS SPECIALISTS'

Open: Tues-Sat 9.30-5.30

LONDON

VIThrronncrirlTII
FOR COMPONENTS

LOTS OF NEW DEVISES
LOTS OF LOWER PRICES
Phone for our catalogue:

01 452 0161/450 0995 Telex: 914 977
40 Crlcklewood Broadway,

London NW2 3ET.

SOUTH COAST
ELECTRONIC COMPONENTS

are best seen at
FRASER ELECTRONICS

42 ELM GROVE * SOUTHSEA * HANTS
Telephone (0705) 815584

Barclaycard Access
COME AND BROWSE BEFORE YOU BUY

TYNE AND WEAR
ELECTRONIC COMPONENTS AND KITS

STATION ROAD, CULLERCOATS,
NORTH SHIELDS, TYNE & WEAR NE30 4P0

091 251 4363

New 1988 Catalogue now MON-SAT 9.30 to 5.30
available £1.85 incl p&p. CLOSED THURS.
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WANTED

IDEAS/I NVENTIONSwanted.
Call [S.C. 01 434 1272 or write,
Dept ASP 99 Regent St, London
W1.

WANTED: Electronics boffin to
construct calculator with built-
in voice synthesisers for private
project. No companies. Mr.
Holmes No: 29 CM12 9EF.

Turn your surplus
transistors, IC's etc., into

cash. Immediate settlement.
We also welcome the

opportunity to quote for
complete factory clearance.
Contact:

COLES HARDING & CO.
103 South Brink
Wisbech, Cambs.

ESTABLISHED OVER 10 YEARS
Tel: 0945 584188

Fax Number: 0945 588844

ETI May 1987
See review See ETI Oct. adSUPER MOS for more details

Build the very best in British Hi-Fi sound quality and with a technical performance to rival even the best
Japanese or American amplifiers

HIGH EFFICIENCY MOSFET CLASS A WITHOUT THE NEAT!
Are you still listening to crossover distortion generated by darlington bipolar transistors operating in class AB?

Switch to SAGE active CLASS A MOSFET power amplifiers and we guarantee you'll never switch
again.

All conventional Hi-Fi power amps (including so called pure class A) when driving a real loudspeaker
generate crossover distortion. The unique SAGE ACTIVE class A amp module will never switch to class B
even when driving real speaker loads and can supply up to 50amps p -p in pure class A mode. In addition,
harmonic distortion is almost beyond measurement ((2ppm at 100W) and slewrate is a super fast

250V/us.
Many audio manufacturers build technically excellent amplifiers whilst turning a deaf ear to 'Component

Sound Quality'.
Others use 'Audio Grade Components' whilst totally ignoring BASIC technical performance

specifications.

THE SAGE AUDIO DESIGN PHILOSOPHY
A power amplifier module with

A UNIQUE
COMBINATION

Ultra linear active class A MOSFET Close tolerance, polypropolene and
THD 0.0002% 12PPnl) @ 100W extended foil capacitors. HOLCO resistors
Slewrate '250V/us
Output current 50amps p -p

and for real precision we use Lazer trimmed
SMD resistors, superior to BULK FOILS.

Signal to noise ratio i120dB Custom built fast MOSFETs and matched
Real reactive speaker drive capability. selected transistors.
For full details of these superb amplifier modules send a 9"x4"SAEor4IRC's. New style user
manual giving full PSU/wiring details, components etc £2 50 112 IRC's), refunded on
purchase. SUPERMOS MODULES f65 TOTAL INC. P&P. We now stock a full range of
GRADE 1 audio components, PSU caps, 36amp bridges low noise toriods LS terminals.
SPECIAL OFFER - 110 , 110W Power amp kit, Buy two Superrnos £65, two 36amp Bridges (B5) /4.50,
two LS protection units(DC100)£7 50 and two 15,000u 63V grade 1 (caps 71E16.50 and receive two more
caps 7 FREE. Send £187 plus £7 p&p/insurance, (EXPORT - send bankdraft £187 plus £101
C-,pkr.tc Construction House, Whitley Street, Bingley, Yorks, BD16 4JH.

Export Facilities Worldwide. Tel: 0274 568647, Telex 517783, Fax 551065

THE WORLDS HIGHEST
TECHNICAL PERFORMANCE

BUILT WITH AUDIO
GRADE COMPONENTS

SATELLITE

LSt.
SEE IT LIVE AT OUR SHOWROOM

EVERYTHING FROM KITS

TO DELUXE SYSTEMS

SURVEY  INSTALLATION  SERVICES
LONDON SATELLITE CORPORATION LTD.
DEPT. ET, 17 REGINA ROAD, SOUTHALL,

MIDDX. UB2 5PL. TEL: 01-571 9605
Open: 10 a.m.-7 p.m.

Calling all
Satellite T.V.

Dealers!!
Electronics Today
International can
bring you success

in 1988.
Contact Julie Capstick

on 01 437 0626
for more details.

SPECIAL OFFERS

CHILDSPLAY ... FROM K.I.A.!!
100 watt amplifiers £7,
flow -soldered glass/PCB +

integral To3 - heatsink + leads &
directions! 8 Cunliffe Road,
Ilkley, LS29.

CASSETTE MOTORS large and
small 2 for £1.00. Mono and
stereo cassette tape heads. 2 for
£1.00. Microphone small for
cass. tel. etc. 2 for £1.00. Tele-
phone buzzers at £2.50 each.
Please add 75p p&p no VAT.
Access card accepted. Golden
Orange Supplies, Brockhol-
lands Road, Woodside, Bream,
Lydney, Glos. Tel: 0594 563009.

FREE MEMBERSHIP to a new
NATIONAL ELECTRONICS

CLUB.
For details and a free gift of
components worth over £10

send only £1.00 p&p to
Woodside, Dowsett Lane,

Ramsden Heath,
Essex CM11 1JL.

I CLASSIFIED COUPON
I

I

I

I

I

I

I

ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED ADVERTISEMENT
DEPT, No. 1 GOLDEN SQUARE, LONDON W1R 3AB.

PLEASE DEBIT MY ACCESS/BARCLAYCARD NO

FOR SALE

EXPIRY
DATE - mmigagg

COMPONENTS

VISA

WANTED

Rates: Lineage 51p per word (VAT inclusive) minimum £7.65
semi -display £12.20 per single column cm. No reimbursements
for cancellations. All ads must be pre -paid.
Name

Address

Daytime Tel. No:
Signature

KITS I I PCB'S

Date

OTHERWISE STATE

4111MIMP

I

I

I

I

I

I

I
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MINIATURE
PASSIVE
INFRA -RED
SENSOR
RP33
Size only 80x60x4Omm.
12 metres away.

1=- =

ONLY
Ir

£23.95
Plus VAT

Detects intruders up to

 12 metre detection range.
 Size only 80x60x4Omm.
 24 Detection zones.
 Wide 85° coverage.
 SwItchable LED indicator.

The advanced new intrusion
.flelector operates by detecting
the body heat of an intruder
moving within the detection

field. The use of a dual element
pyroelectric sensor means that changes

In ambient temperatures are ignored, thus providing
a stable and reliable performance. Easily installed in a room

or hallway, the unit will provide effective detection of any intruelon.
Operating horn a 12V supply and consuming only 15mA, it is ideal
tor use with the CA 1382, CA 1250 or any equivalent high quality
control unit. Supplied with lull instructions. its performance
compares wet detectors costing more than twice the once,

CA 1382 ADVANCED CONTROL UNIT that's
simple to Install and operate.

111
Fully automatic siren
Meet.

 Melba entry/exit warning.
 Alarm Sounded memory. 2 separite loop inputs

+ 24hr circuits.
Built-in electronic siren.
Easily installed, full

' instructions supplied.

The Mat control panel
INTA401/1 effective and reliable
owed for all types of security
Installations. Its advanced

circuitry checks the loop circuits every time a is switched on,
preventing incorrect operation Using a simple 'on/off key
switch, it 4 easily operated by all members of the firmly. In
addition it provides 24 hr. personal attack protection Housed in
a steel case, it is supplied with full operating instructions.

Available In kit form with fully -
Only £44.95+VAT bulk electronics, C39.85 + VAT.

MI Modules
Systems SAVE E's
Accessories BY INSTALLING YOURSE

CA 1250 LOW COST
ALARM CON ROL
MODULE

This tried and tested control unit represents
the finest value for money in control systems,
providing the following features,
 Built-in electronic siren drives 2 loud
speakers  Provides exit and entrance delays
together with fixed alarm time  Battery
back-up with trickle charge facility
 Operates with magnetic switches, pressure
pads, ultrasonic or IR, unite  Anti -tamper
and panic facility  Stabilised output voltage
 2 operating modes full alarm anti tamper
and panic facility  Screw connectione for
Base of inetallation  Separate relay contacts
for external loads  Test loop facility.

Price £19.95 + VAT

HW 1250 - -I
ATTRACTIVE
HOUSING plus
HARDWARE FOR
CA 1250
kn alractrve steel case designed

to Muse the Contra Unit CA 125o
together with the

evalleble separatehl
aMiciMae LED indicatois and key

synth l
Supplied with the necessary Mere, fixings, Yid punched
front panel, the unit is giver a professional appearance
by the edheelve silk screened label.

Sim 2°C'18WCC"". only £9.50 + VAT,

BETE S'
O

FROM, -\!\

39'

Full Technical Advisory Service

19" RACK MOUNTING EQUIPMENT CASES
Tins new range of 19" rack equipment cases have been designed with economy and versitilily as their

objective. These cases are supplied as a flat pack kit with assembly instructions.
The equipment cases feature a black powder coat li," (3min) aluminium frontpanel with the rest of the

.case constructed from 7mm or ,9min 'Stelvetite. PVC coated steel. All kits include front panel handles
'and rubber feet,
They are available in the following popular sizes with all the units having a standard front panel width of,,
19", and an enclosure width of 17'r.," (438mini by a depth of 10" (254Inum

t
ORDER CODE HEIGHT PRICE
1.11 13/.," (44Mm) 16.00
U2 ' 3,/," (88mm) 18.00
U3 5,/,' (133mm) 20.00
U4 7" /178mm1 22.00.
M6UM6U Sloped mixer console £25.50
All prices Exclude V.A. T
Please include £2.50 n VAT. Per Item
For Post & Packing.
Flat pack size - 500 x 260 x 32
Maximum weight 1 5Kgs.

Blanking Panels, Racking Consoles
and Rack Cabinets also available.
Please send S A E for further details
* TRADE ENQUIRIES WELCOME a
Tel 0275 823983 for Access)Visa card sales for
immediate despatch or send cheque with order to

RACKZ PRODUCTS PO. BOX NO. 1402, MANGOTSFIELD. BRISTOL,
ENGLAND. BS17 3RY

ADVERTISERS' INDEX
Audiokits 12
Berries Electronics 43
BK Electronics IFC
Cirkit Distribution 13
Cricklewood Electronics 62
C Scope Electronics 13
Display Electronics 8
Electromech Industries 51
Hart Electronics 18
Henry's Audio Electronics 55
Maplin Electronics OBC
Pineapple Software 18
Rackz Mounting Products 66
Riscomp Ltd. 66
RTVC 12
SMJ Electronics 62
Specialist Semiconductor Devices 39
Stewarts of Reading 62
Suma Designs 13
TJA Development 26
TK Electronics 6
Wilmslow Audio Electronics 66
XEN Electronics 62
Zenith Electronics 26

DP 3570 UGHT1NG CONTROLLER
This versatile module
provides timed
switching of loads
up to 3A for pre-set
times between
10 sacs and 5 mine.
the timed period being
triggered by the opening
or cloang of an external
loop or switch, The buitt-in
12V 250mA power supply
is available for operating external Sensors.
Suitable plastic enclosure C2.85 a VAT.

only £13.95 + VAT

FL 500
QUARTZ
HALOGEN
FLOOD
LIGHT
Whilst Intended for security lighting
applications, this unit Is suitable for
lighting patios, pathways and gardens etc.
Supplied complete with 500W lamp,
Protective grill, £1.95 + VAT.

Only £14.95 + VAT

,04

r

This advanced
module uses digital

signal processing to provide the
highest level of sensitivity whilst
discriminating against potential
false alarm conditions.

Only £13.95 + VAT

IR 1470 - 50ft. INFRA -RED BEAM SYSTEM
Consists of a separate transmitter & receiver, the system
provides an Invisible modulated beam which when broken
operates the built-in relay. For use with security systems, but
also Ideal for photographic purposes and industrial
applications. Size: 80x50x35mm' Only £25.61 + VAT

US 5083 DIGITAL ULTRASONIC DETECTOR
 3 levels of discrimination against false alarms  Crystal
control for greater stability  Adjustable range up to 25ft

 Built-in delays  12V operation.

ULTRASONIC MODULE
ENCLOSURE

Suitable steel enclosure for housing
the US 5083 supplied with the
eeaery mounting pillars and fixings.

only £2.95 + VAT 4

RiSCOMP LiMiTED
Dept ETI3
51 Poppy Road
Princes Risborough
BUCKS
HP17 9DB

ecuripprt pit,ityspecolig,i.th,.,, 001s SWIM/111 up

t
S.11 & SanThe ORDER BY MAIL

Tel- (084 44) 6326 AILOR TELEPHONE

pHCONSTRUCTOR SERIES SPEAKER KITS

Based on the famous Kef
Reference Series, these three
DIY designs give the home
constructor the
opportunity to own an
upmarket pair of
loudspeakers at a
very down-
to-earth price!

With a
Wilmslow Audio
Total Kit it's easy
- no electronic
or woodworking skill is necessary. Each kit contains all the
cabinet components (accurately machined from smooth
MDF for easy assembly), speaker drive units, crossover
networks, wadding, grille fabric, terminals, nuts, bolts etc.

Model CS1 is based on the Reference 101, CS3 is
equivalent to the Ref. 103.2 and CS9 is based on the
Reference 105.2 (but in a conventionally styled encl.).

CS1 £117 pair inc. VAT plus carr/ins £6
CS3 £143 pair inc. VAT plus carr/ins £12
CS9 £393 pair inc. VAT plus carr/ins £18

We also offer a kit (less cabinet) for Elector PL301

Lightning service on telephoned credit card orders!

WILMSLOW AUDIO LTD.
35/39 Church Street, Wilmslow, Cheshire

SK9 lAS Tel: 0625 529599
Call and see us for a great deal on HiFi.

(Closed all day Mondays)
DIY Speaker catalogue £1.50 post free (export $6)
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ELECTRON!
TODAY INTERNATIO

. I
CAPACITORS!

3r; the inside story;
FIRST CLASS
beginners project
series starts inside

BC MICRO
SCILLOSCOPE

ATELLITE TV 
ntenna Theory

RUM FLASH

AUDIOCOMPUTINGMUSIC-DOMESTIC
APRIL 1988 f1.40

FOR NEXT
MONTH'S
NEW LOOK
ETI

The April issue marks the start of ETI's 17th year of pub-
lication and to celebrate the event we have given the whole
magazine a facelift.
Next month's ETI has a totally new look, inside and out.
Nevertheless it is still crammed to the covers with the usual
mixture of features and projects that go to make ETI the best
electronics mag around.
The April issue sees the start of the hi-est of fi Virtuoso power
amp project to complement the Virtuoso pre -amp of last
year. The Spectrum Co -processor is in its third installment
and we have the start of a new series of easy projects for the
beginner to electronics or the expert short of spare time.

John Linsley Hood gives us the low down on capacitors -
what they are, how they're made and how to use them in
audio design. Plus there's all the regulars - Circuit Theory,
Chip In, Playback, Keynotes, Open Channel, News, letters
and much, much more.

Don't be April fooled by the April ETI -Out March 4th



The Dollar has fallen...
and so have our Prices!!

ECTEM MULTIMETERSOUTSTANDING VALUE FOR MONEY!

Professional

Has all the ranges!

9109K £34495

£27.95

Precision

High sensitivity

on AC

current &

resistance.

VOL. £4195

£36.95

OFF y

MCI

::.i 

Wide Range

With battery tester.

Y.107H £14.95

£11.95

a.w IVA

E=i
0mA

COM VO.AA

[_
S*.11.116.63CS

Auto Ranging

Top selling

digital.

Y.180B £39.95

£35.95

Practical

Includes

temperature

probe.

Y179[. £64.95

£54.95

BUY NOW, THE TIME IS RIGHT!

t's\

Ji,4vlb..615r6 .  ...ow,

....

.

i
, ' 0

Versatile

Measures temperature

and capacitance.

YP23A

£24.95

20M0
1=1

122' Int1

COM V Orr.

+
5:101,13.1% M-718

Feature Packed

Auto -ranging

with transistor

tester.

YM64U 144.95

£37.95

Iry ORDER NOW AND GET A CARRYING CASE WITH YOUR METER (WORTH UP TO £3.95)

10

C1323"° CID
/500

Hobby

Ideal for beginners.

Y176H a.95-

£6.95

4' 2 Digit

Superb

multi -featured

multirneter.

YJ81C £69.45

£59.95

"-*
12=0,

Push Button

Comprehensive

range of

features.

9178K £39.95

£35.95

Rugged, general purpose.

YJO6G £6.95

£5.45

iumuy

Enthusiasts

meter.

YM63T $.2845

£25.95

Comprehensive

Wth transistor,

diode and

LED tester.

Y1081 £19795"

£16.95

All prices
include VAT.

Please add

50p towards
postage. All

items subject to
availability.

Low Cost

Push button

digital.

Y1771 £26.95"

£21.95

Malphl ELECTRONICS

P.O. Box 3, Rayleigh, Essex. Telephone Sales (0702) 554161.
Shops at: Birmingham. Sutton New Rood, Erdington. Tel: 021 384 8411.

Bristol. 302 Gloucester Road. Tel: 0272 232014.
London. 159-161 King Street, Hammersmith W6. Tel: 01 7480926.
Manchester. 8 Oxford Rood. Tel: 061 236 0281.
Southampton. 46.48 Bevois Valley Rood. Tel: 0703 225831.
Southend-on-Sea. 282-284 London Rood, Westcliff-on-Sea, Essex. Tel: 0702 554000.

Pick up a copy of our 1988 catalogue

from any branch of WHSMITH for just

£1.60. Or to receive your copy by post

send £1.60 + 40p p&p to our P.O. Box

address. If you live outside the U.K.

please send £2.75 or 12 International

Reply Coupons.

We're passing
on our exchange

rote saving
to you!


