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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS

OMP POWER AMPLIFIER MODULES Il e e rmy

OMP POWER AMPLIFIER MODULES now enjoy 4 world-wide reputation or susliy. reliabilty ang
performance al a realistic price. Four models availabie to sUll the needs of thi prafessional znd hooty markel | e.. Industry
Lesurs, Instrumental and Hi-Fi stc. Whan comparning prices, NOTE il models in T power suppy Infearal heat sink
Glass fibre P CB., and Drve orcusts to power compatible Vi meter. Open and shart = peoot

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Output power 110 watts
AM.S. into 4 ohms, Frequency Response 15Hz —
30KHz ~34B. T H.D.0.01%. S.N.R. —118dB. Sens. for
Max. autput 500mV at 10K. Size 355 x 115x85mm.
PRICE £33.99 + £3.00 P&P.

NEW SERIES Il MOS-FET MODULES

OMP/MF 100 Mos-Fet Output pawer 110 watts RM.S.
nto 4 ohms, Freguency Response 1Hz - 100KHz
—3dB. Damping Factor, >300, Slew Rate 45V/uS.
TH.O Typical 0.002%, Input Sensitivity 500mV, S.N.R.
—125dB. Size 300 x 123 x 60mm.,

PRICE £39.99 + £3.00 P&P,

OMP/MF200 Mos-Fet Output power 200 watts R.M.S.
into 4 ohms, Frequency Response 1Hz - 100KHz
—3dB, Damping Factor >300, Slew Rate 50V/uS,
T.H.D. Typical 0.001%, Input Sansitivity 500mV, S.N.R.
—1300B, Size 300 x 155 x 100mm,

PRICE £62.99 + £3.50 P&P.

OMP/MF300 Mos-Fet Qutput power 300 watts R.M.S.
into 4 chms, Frequency Response 1Hz — 100KHz
-3dB, Damping Factor =300, Slew Rate 60V/uS,
T.H.D. Typical 0.0008%, Input Sensitivity 500mV,
SN R —130dB. Size 330 » 175 x 100mm

PRICE £79.99 + £4.50 P&P.

NOTE:— MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS STANDARD — INPUT SENS 300my BAND |
PEC (PROFESSIONAL EQUIPMENT COMPATABLE] — INPUT SENS  775mV. BAND WIDTH 50KHz ORDEE STAN

Vu METER Compalible with our four amplifiers detalled above. A very accu
dispiay employing 11 LE D, diodes (7 green, 4 red) plus an addilional on o ndicatar
Sophisticated logic centrol circuits for vary fast rise and decay times. Tough melde ;
case, with linted acrylic front. Size B84 x 27 x 45mm.

“ PRICE £8.50 + 50p P&P,

* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES ' FRIENDLY SERVICE*
LARGE S.A.E., 30p STAMPED FOR CURRENT LIST.

OMP VARISPEED TURNTABLE CHASSIS.

* MANUAL ARY # STE
TROL 33 & 45 % BRI PITCH
DRIVEN DC MOTOR % TRANSIT SC

“POWER 220240
H MOUNTING CUT-OUT

PRICE £598.99 + £3.50 P&P.

S060Hz % 390x305mm ¢ SUPRL
TEMPLATE

OPTIONAL MAGNETIC CARTRIDGES
STANTON AL500
PRICE £16.99 — 50p P&P

GOLDRING G850
PRICE £6.39 + 500 P&P

OMP MOS-FET POWER AMPLIFIERS,
HIGH POWER, TWD CHANNEL 19 |

THOUSANDS PURCHASED
EY PROFESSIONAL USERS

W
NEW MXF SERIES OF POWER AMPLIFIERS

THREE MODELS:— MXF200 (100w + 100w
MXF400 (200w + 200w) MXF600 (300w — 300w

All power ratings RM S~ 2 ohme

&

< x Botary
n and short
* Very low

MXF20C £173
PRICES: MXF400
MXFS00 £222 9

LOUDSPEAKERS

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE-
QUENCY BULLETS AND HORNS, LARGE S.A.E. (30p
STAMPED) FOR COMPLETE LIST.

McKENZIE:— INSTRUMENTS, P.A., DISCO, ETC,

ALL McKENZIE UNITS 8 OHMS IMPEDENCE
8" 100 WATT C8100GPM GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID . DISCO
RES, FREQ, B0Hz. FREQ, RESP, TO 14KHz. SENS, 9808, ... ... PRICE£29,30 + £2.00 P&AP
10 100 WATT C10100GP GUITAR, VOICE, ORGAN, KEYEOARD, DISCO, EXCELLENT MID
RES.FREQ, 70Hz. FREQ, RESP, TOBKHz SENS, 100dB ...... PRICE £35.58 + £2.50 P&P
10 200 WATT C10200GP GLITAR, KEYBOARD, DISCO, EXCELLENT HIGH POWER MID
RES, FREQ, 45Hz FREQ, HESF, TO 7KHz, SENS, 10308, .. .....PRICE £48.67 + £2.50 P&AP
12° 100 WATT C12100GP HIGH POWER GEN, PURFOSE. LEAD GUITAR, DISCO
RES, FREQ, 45Hz FREQ, RESP, TO 7KHz, SENS, 98dB. it bk} ey PRICE £37.59 + £3.50 P&P
12" 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE, P A, VOICE, DISCO
RES, FREQ, 45Hz FREQ, RESP, TO 14KHz. SENS, 100dB. ..., ... .............. PRICE £38.58 + £3.50 P&P
12" 200 WATT C122008 HIGH POWER BASS, KEYBOARDS, DISCO, P A,
RES FREQ, 40Hz, FREQ, RESF, TO 7KHz SENS, 10008 ... PRICE £65.79 + £3.50 P&P
12" 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR. KEYBOARDS, DISCO, ETC
RES, FREQ, 45Hz FREQ. RESP, TO5KHz SENS, 100aB... .. .. PRICE £87.51 + £3.50 P&P
15" 100 WATT C15100BS BASS GUITAR. LOW FREQUENCY, P A DISCO
RES, FREQ, 40Hz_ FREQ. RESP, TOSKHz SENS 88dB. . PRICE £55.05 + £4.00 P&P
157 200 WATT C15200B5 VERY HIGH POWER BASS.
RES, FREQ, 40Hz. FREQ, RESP, TO 4KHz, SENS, 99dB PRICE £75.10 + £4.00 P&P
15" 250 WATT C15250BS VERY HIGH POWER BASS,
RES, FREQ, 40Hz. FREQ. RESP, TO 4KHz. SENS, 9048 PRICE £82.54 + £4.50 P&P
15" 400 WATT C154008S VERY HIGH POWER, LOW FREQUENCY BASS
AES. FREQ, 40Hz FREQ, RESP, TO4KHz SENS. 10248, ... PRICE £896.47 + £4.50 P&P
18" 400 WATT C18404B5 EXTREMELY HIGH POWER, LOW FREQUENCY BASS
RES. FREQ, 27Hz FREQ, RESP, TO3KHz SENS. 29dB. . . PRICE£172.06 + £5.00 P&FP
EARBENDERS:— HI-FI, STUDIO, IN-CAR, ETC

ALL EARBENDER UNITS 8 OHMS (Gien S0 which are () impede
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND
8" 50 WATT EB8-50 DUAL IMPEDENCE. TAPPED 4'8 OHM BASS, HI-FI. IN-CAR
RES, FREQ, 40Hz FREQ, RESP, TO 7KHz SENS, 87dR 3 - ... PRICEE£8.90 + £2.00 P&P
10" 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 48 OHM BASS HI-Fl, IN-CAR
RES, FREQ, 40HZ EREQ. AESP TOSKHz. SENS, 99dB s PRICE£12.00 + £2.50 P&P
107 100 WATT EB10-100 BASS, HI-Fl, STUDIO
RES, FREQ, 35Hz. FREQ, RESP, TO 3KHz SENS.DEdB,
12" 50 WATT EB12-60 BASS, HI-FI, STUDIO
RES. FREQ. 26z FREQ, RESP, TO 3KHz SENS.52dB PRICE £21.00 + £3.00 P&P
12" 100 WATT EB12-100 BASS, STUDIO, HI-F), EXCELLENT CISCO
RES, FREQ, 26Hz FREQ. RESP, TO 3KHz SENS.93dB. ... PRICE £38.75 + £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
54" 60 WATT EBS-B0TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC
RES, FREQ. 63Hz. FREQ, BESP, TO 20KHz SENS, 8248, oo PRICEES.99 + £1.50 PAP
6'4" 60 WATT EBE-60TC (TWIN CONE) HI-FI, MULTI-ARAAY DISCO ETC
RES, FREQ, 38Hz FREQ, RESP, TO 20KHz. SENS, B4dR PRICE£10.89 + £1.50 P&P
8" 60 WATT EBB8-60TC [TWIN CONE) HI-Fi. MULTI-ARRAY DISCO ETC

. PRICE£12.99 + E1.50 P&AP

10" 60 WATT EB10-60TC (TWIN CONE) HI-Fl, MULTI-ARRAY DISCO ETC

RES, FREQ, 40Hz FREQ, HESP, TO 1BKHz. SENS, 89dE.
RES. FREQ, 35Hz FRED, RESP, TO 12KHz SENS, 8608 PRICE £16.49 + E2.00 P&P

PRICE £27.76 + £3.50 P&P

SECURICOR DELWESY nzms Tan=

—CNER CAR STEREO
SOCSTER AMPLIFIERS

INTO 4 OHMS
iINTO 4 OHMS

CHOAE OF FHD WlELS
POWER RATINGS GUGTED IN WATTS WS =3F SAC= T

OMP 12-100 (100W 10008: PRICE 7333 €= =uF
OMP 12-200 (200W 10208, PRICE 20¢ 3¢ === Sup
SECURICOS DEL — &2 552 saf

EEVENT 1
AT 0
I W SE W - 2% PAP EACH

£5.98 each — 500 PAF
TYPE 'C' (KSNB018A) 2
quahty Hi-H sy=st s an
each + 50p PAP.
TYPE ‘D' (KSN10254) 2
Upper freguency response rets
mid range (2KHz), Suitable ior high guais,
and quality discos. Price £9.95 sach —
TYPE ‘E' (KSN1038A) 334 hom tweste
silyer finish trim, Suitable for Hi-5 me
Price £5.99 each + s0p P57
LEVEL CONTROL C
plate, level contro o
85xB5mm. Price £3.38 —

o

STEREO DISCO MIXER with 2 x Shand L & B
graphic equalisers and twin 10 segment L.E D

TRANSMITTER HOBBY KITS

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS

W FM TRANSMITTER 80-108MHz. YARICAP CONTROLLED PROFESSIONAL PER.
FORMANCE, RANGE LIP TO 3 MILES, SIZE 38 » 123mm, SUPPLY 12V 1 05AMP,
PRICE £14.49 + £1.00 P&P
FM MICRO TRANSMITTER (BUG| 100-108MHz VARICAP TUNED COMBLETE WITH
VERY SENS FETMIC. RANGE 100-300m SI7E 56 « 46mm, SUPFLY 5V BATT, PRICE

3 watt FM
Transmitter

WuMetars. Many outstanding features 5 |nput
with individual faders providing a usetul oo
bination of the following:—
3 Turntabies (Mag), 3 Mics. 4 Line including
plus Mic with talk over switch Headphone M
tor. Pan Pot L & RA. Master Output co
Qutput 775mV. Size 360 280x90mm. S
220-240v

Price £134.99 -— £4.00 P&P

POSTAL CHARGES FER ORDER £1 0 MINIMUM OFFICIAL ORDERS WELCOME FROM
SCHOOLS, COLLEGES GOWT BODIES, ETC. PRICES INCLUSIVE OF VAT SALES COUNTER,
VISA ACCESS ACGEPTED BY POST, PHONE OR FAX.

£8.62 + £1.00 PP
e

YCARD
mes | YUNIT 5, COMET WAY, SOUTHEND-O
TEL: 0702-527572 F&




That’s right, take out a subscription to ETI
for either yourself or as a gift for a friend, and
not only will we make sure it’s delivered to
you each month at no extra charge’, but
you or the recipient of your gift subscription
will also receive this practical magnifier
light with the compliments of ETI.

Handy for reading the small print on
transistors and many othercomponents, the
magnifier can also be used for detecting
minute shorts created by solder or fine wire on
printed circuit boards which could lead to
disaster.

The magnifier has hundreds of other uses
where close attention to detail is called for
such as in-car map reading at night where
localised light is required.

Just fill in the coupon below and send it to the
address given, with a cheque, money order or

credit card authorisation to cover the cost of the UK £19.20
ription. We' _ EUROPE £24.10
subscription. We'll do the rest IDDLE EAST St
FAR EAST £26.80

RESTOFTHE WORLD £25.85

Airmail Rates on Request

ORDER FORM

This offer closes on Friday 7th
December and is also open to current
ETl subscribers who wish to renew or
extend their current subscription but
must do so using the order form
provided.

Please allow 28 days for delivery of
your gift. To guarantee receipt of gift
subscriptions before Christmas,
orders MUST be received by the
closing date.

*QOverseas subscriptions include postage.

ETI DECEMBER 1990

Please tick
[ Iwould like to subscribe to ETl and receive a free gift.
[ 1 would like to send an ETI gift subscription and free gift.

My Name: Recipient’s Name:

Address: Address:

_ Postcode: Postcode:

[ New Subscriber [] Renewal [1New Subscriber [] Renewal

Please commence the subscription(s) with the Issue.

| enclose my cheque/money order for £ payable to A.S.P. or debit my Access/Visa Account.
EESEENEEEESESE DB L to

Signature: Date:

Return this order form and remittance to: The Subscription Manager (ETI/10), Argus Specialist Publications,
Argus House, Boundary Way, Hemel Hempstead, Herts, HP2 7ST.
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HDTV 3

Plans are already in place for
theimplementation of HDTVin
Europe. James Archer looks at
the prospects forthe 1250 line,

50Hz HDTV system.
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AXIAL MODES — DEVELOPMENT OF HARMONICS

An Introduction
To Recording
Studio Design

The second part of this fascin-
ating and practical insight into
how a recording studio is put
together is presented by James
Roberts. This month he looks at
the problems of acoustics.

Infra-red Remote
Control Receiver

Add to your remote-control
transmitter from last month and
then build this receiver unit to
controlthe lights, the curtains or
the television from the comfort
of your armchair. Dom Ban-
ham takes up hissolderingiron
to show you how.

o
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POSITION

| t~~ e
o ——. T
, ’3
5 2 [ /
| \ QISPERSIDN SURFACES )."'
N A 4«-.vmmm
[ e ]

PRSI
| e BT ——"" BNER BHELL

| ASSYMMETRIC OUTER SHELL ‘
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Page 38

Remote Control
Timeswitch

Build this comprehensive
electrical house manager.
Program the central unit to
control the heating or the
lighting in your absence — and
all performed through the
mains wiring. Kevin Browne
presents this really useful piece
of equipment.

Four-channel
Cassette

Recorder

Thefinal part to a do-it-yourself
4-track recorder. Tom Scarff
demonstrates that it doesn't
have to be an expensive invest-
ment to get your multi-channel
music on tape.

-

Repairing
Oscilloscopes

The most useful tool for
constructors must surely be an
oscilloscope. So it buyinga new
one is beyond your pocket then
shopping around for an old
second-hand one can very
often turn out to be a bargain.
Simon Russell gives us a
helping hand in bringing new
life to an old 'scope.

26

o S )

!
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BLUEPRINT

An enquiry from overseas states:

Dear Blueprint,

My hobby is making knife blades using coal,
forge, hammer, and anvil. I want to use modern
steels which need a much slowerrate of coolingthan
more traditional varieties to permit them to be filed
atroom temperature. Tocool ablade from 900°C
toroomtemperature at 10°C per hour, lintend to
use a shoebox sized electric furnace. The power
rating of the electric heating elementis 2kW, 240V.

I need a circuit to decrease the power to the
heater from fullto zero over a 12 hour period. L hope
that by using a slow enough cooling process [ willbe
able to avoid the need for a much more expensive
thermocouple controller.

Yours sincerely, Woodson Gannaway

N5KVB/EA.

Taking last things first, a thermocouple control
system need not be prohibitively expensive. It would
involve more circuitry, but should work better. I willfirst
show a design which simply decreases power over
about 12 hours, and in the next Blueprint I will show
howto add athermocouple temperature controlloop
to improve the performance.

There are several snagsto the scheme asit stands.
Firstof all, you have made the implicit assumption that
a heater power of 2kW will keep the interior of the
furnace at 900°C. This maynotbetrue, ifthe thermal
resistance of the insulation is higher or lower than you

Blueprintisacolumnintended to provide suggested answers
to readers’ electronics design problems. Designs are only
carried outfor items to be published, and willnotbe prototyped
by the columnist. Circuits published in Blueprint are believed
to work, but may need minor alteration by the reader after
prototyping. Individual correspondence will not be entered
into, save as necessary to prepare items for publication

imagine. ltistrue, you will start by dissipating 2kW over
the surface of something the size of a shoebox. The
surface willbecome hot enough to radiate and convect
Z2kW into the surroundings. At best this would make the
room too warm in summer, at worst there could be a
risk of fire.

I would suggest the use of better thermal
insulation, but regardless of the temperature of the
outside of the box the maximum heater power must be
chosen so that it just keeps the interior of the furnace
at 900°C at the start of the cooling run. Under these
circumstancesit would take a long time for the furnace
toreach 900°C, soit would be desirable to have extra
power available to heat the furnace quickly, followed
by a lower power setting to maintain the required
temperature. The start of a cooling run would then,
perhaps, see the heater not at full power but at half
power.

Burst Firing

There are two obvious ways to control the power of a
heater. The firstis to phase control it after the manner
of a light dimmer, the second is to switch it on and off
for varying periods to average the correct power. There
are two good reasons for using the latter technique.
First of all, to phase control such a high powered
load would generate severe radio interference which
would necessitate the use of substantial filtering com-
ponents. Secondly, varying the triggering phase
linearly over a half cycle does not vary the power
linearly, butvariesitmuch more rapidly nearthe peak

Fig. 1
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of voltage. On the other hand, varying power on time
over alonger period does vary average power linearly.

To control the heater, a solid state relay (SSR) is
probably the best choice. One could use optotriacs and
power triacs with a snubber network to save a little
money, but an ssr is more reliable and dissipates less
power, so needs asmaller heatsink. The simplest way
to control this would be to use a 555 timer to make an
astable oscillator with a period of a few seconds. The

The power reduction continues as the lower
counter is counted up, and when the lower counter
reaches 11111111 the SSRis only switched on forone
cycle each 128. Extra circuitry is needed in a full design
to prevent the lower counter from counting round to
00000000 again, and to force the SSR to remain off all
the time when the lower counter is at 11111111. The
detailed design, including this circuitry willbe covered
next month.

mark:space ratio could be adjusted by potentiometer,
and an alarm watch set every half hour could be used
to remind the operator to turn down the power a
notch. This could be a useful way to test the thermal
characteristics of the furnace before building the
complete controller.

Digital Control

One could use an analogue voltage to control the
mark:space ratio of an oscillator, and automatically
reduce the voltage over the 12 hour period. The
voltage would probably need to be controlled by a
digital counter and a DAC (digital to analogue
converter), so it is better to use digital circuitry through-
out.

Figure 1 shows a block diagram of a suitable
system. A 50Hz clock derived from the mains is
used to count an 8-bit counter round and round con-
tinuously. A binary comparator compares the output
of this counter with that from another similar counter
clocked ten times per hour. Only whenthe count from
the upper counter s less than that from the lower one
isthe SSR switched off, so that when the lower counter
is at 00000000 the SSRis always switched on. When
the lower counter reaches 00000010, the SSRis on for
126 mains cycles each 128.

(B

CITIZENS' BAND

CITIZEN’S BAND is the only
British CB magazine and
covers a wide range of topics
of interest to the newcomer
and the experienced user. In
each issue the latest
equipment is reviewed, useful
practical projects are detailed
and all the national and
international band news is
featured. Of particular
interest to overseas readers
are the QSL pages, articles on
shortwave listening, and
reports on UHF CB.

Cover Price £1.60

Published: 3rd Friday of each Month

Order Why not subscribe?
your copy Telephone 0442 66551 ext 210
NOW! for further information

SPECIMLIG 1gmu:mmﬂ

UNREPEATABLE OFFER
STEEL PROBES

Manufactured from high quality steel. Excellent for cleaning PCB Boards and
splashes of Solder. A definite buy if you require pecision work.
Set of six different single and double ended probes for
only £7 plus £1 carriage
LIMITED QUANTITY AVAILABLE
Fmi PROOPS DISTRIBUTORS LTD., HEYBRIDGE ESTATE,
BN CASTLE ROAD, LONDON NW1 8TD. Tel: 071-267 1718

CALLERS are always welcome to our warehouse, Monday to Friday between 9am and 5pm

Millions of quality components
at lowest ever prices.
Plus Tools, Watches, Fancy Goods.
Mail order only.

Allinclusive prices NO post, or
VAT etc to add on, UK only.

Write or phone for catalogue/clearance list at least
1,800 offers to amaze you.

Brian J Reed Electrical
6 Queensmead Avenue, East Ewell
Epsom, Surrey KT17 3EQ
Tel: 0(7)1 223 5016
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OPEN CHANNEL

ound about now, that is mid-November, the

Department of Trade and Industryis due to release
aconsultative document which gives detailed plans for
the UK telecommunications industry. Although thisis
merely a consultative document, we can more-or-less
take it as gospel. What Government wants, Govern-
ment normally gets!

In conjunction with UK telecommunications
watchdog Oftel, the Department of Trade and Industry
has considered the UK market and come up with its
plans for the future. At the time of writing, youlll
understand, these are not known but it’s not too difficult
to work out along what lines these plans are likely to
look like.

The Government is likely to want to change the
current duopoly situation, in which British Telecom
(with the lion’s share of the market — some 90% of all
inland telephone calls) and Mercury (most of the rest)
effectively control the UK telecommunications market.
Asl've argued many timesin this column, thisis neither
fair to potential competitors, nor is it good for the
customer. True, we have the option to use Mercury if
we want and make use of its cheaper long-distance call
system (I've used it for over three years now and
calculate it saves me around £100 a year; not a great
amount, but enough to make it well worth my while)
but customers still have to go out of their way to do it.

How the Government sets about this task is less
obvious. A number of contenders have been lobbying
Governmentto allow other telecommunications net-
work providers to sell spare capacity. Several networks
already exist around the country — cable television
networks, private organisations’ communications
networks and so on. One of these network providers
is British Rail which has a huge telecommunica-
tions network of its own, based around its railway
communications systems. For a while, BR has been
advocating licensing a number of specialised
telecommunications operators (STOs) of which BR
would be one. These would be able to provide, so the
argument goes, complementary telecommunications
services in the areas where thisis most needed, without
the massive investment and duplication of services
required if more public telecommunications operators
(PTOs) like BT and Mercury are licensed. BR’s network
covers every major town and city throughout the UK,
so would be in a strong position to apply for such a
licence. A question arisesthough, in that should such
network providers be allowed to offioad their spare
capacities onto an unsuspecting public. Far from
makingtelecommunicationsindustry more competi-
tive, this could simply make it harder for real tecom-
munications network providers (ratepaying shop-

keepers, by the same analogy) to make an honest,
taxed, pound. On a personal note, I think it may be
better if BR concentrated on gettingits railway network
in order, before it starts making late telephone calls!

Cable television providers should be aware that if
they are allowed to transmittelephone signals, British
Telecom should, quite fairly, be allowed to transmit
television signals. This will create something of a shake-
up. Cable television providers have to invest highly
significant sums of money, laying cables means digging
up roads and providing lines to each and every
potential customer. This cost must, initially at least, be
borne by the provider but eventually and inevitably it
is passed on to the customer, in the form of network
charges.

Cable television providers are already allowed to
transmit telephone signals as agents of BT or Mercury,
but as you might expect, the telephone companies take
the greatest part (around 90%) of the profits. What the
cable television providers want of course, is to be able
tobe allowed to transmit telephone signals as their own
agents. This will give British Telecom and Mercury a
headache because atelevision network system that is
allowed to piggyback telephone calls is bound to be,
{when all costs of providing the network have been
recouped), acheaper method of providingatelephone
network. In such instances, it's easy to visualise how
some of these network providers will not bother to set-
up their own telephone switching systems, instead
would allow BT or Mercury to provide services viathe
television network for a fairer split of the profits — say,
50-50. However, several cable television providers are
owned and run by US telephone and entertainments
organisations which could well set up their own
telephone switching systems.

Although most of British Telecom’s local lines
aren’t capable of allowing transmission of television
signals (which require a greater bandwidth than a
telephonesignal), thereisstilla proportion thatcan. BT
is currently wellinto a policy of changing existinglocal
lines to suit. Consequently, it is feasible BT will be
prepared to offer television services if it's allowed to. It
is feasible that television services will be offered very
economically to customers as this will be piggybacked
onto its telephone network.

So, this is a vital area in which the Government
once and for all, is going to have to make a definite
choice. If it decides British Telecom can transmit
television signals, cable television providers are going
to face an extremely hard time — perhaps facing
potential disaster. However, to ban BT from doing so
is unfair if a policy of competition is to be desired. I'm
only too pleased [ don't have to make the decision!

SURFACE MOUNT COMPONENTS

Surface Mount Technology makes circuit fabrication

BLUE

ROSE easier and quickerandis “the” construction technique of | J; ;
the '90's. A

EL ECTRONICS CW 2-pole filter, PCB & all comps.. £5.50 s

SMD KITS: A growing range of PCB kits to get you into surface mount.

SAE FORKIT LIST.

SMD Protoboard: To experiment Sl =2 SUPER NEW SMD VERSION OF =
with your SMD circuits.. £1.65 K FAMOUS SUDDEN RECEIVER [_
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SMD Tweezers.. £2.62 Sore3 PRICE £22.95

——— Assembly Jig to hold SMDs in place whilst soldering.. £16.50

' SMD Catalogue & Kit List. Send £1 to cover Postage etc.
Mail Order Address: 538 Liverpool Rd, Great Sankey, Warrington, Cheshire, WA5 3LU.
: Telephone: 0925 72 7848 (Callers by Appointment).
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EP Modular Computers has

introduced a high-perform-
ance CPU based on the 25MHz
68040 with 20 MIPS and 3.5
MFLOPS. The VM40 provides
full software compatibility to exist-
ing 68000/68020/68030 appli-
cations. it offers about four times
the performance of a 68030,
The 256MHz HCMOS 68040, is
clocked internally with 50MHz,
hosts 4 KByte instruction and 4
KByte data cache as well as an
on-chip FPU with 3.5 MFLOPS
and a Paged Memory Manage-
ment Unit. Similar to a RISC pro-
cessor, the 68040 is capable of
executing severalinstructions with
a single cycle and includes bus
snooping for cache coherency.

For high-end applications the
VM40 is equipped with 4/8/16
MByte of 32-bit wide CMOS-
RAM supporting burst fill mode
(3/1/1/1). The initial version is
planned with DRAM, however
local memory modules may be
configured for single-ported or
dual-ported SRAM with battery
back-up. As the memory mod-
ules are self-configuring, no PAL
change of jumpers are required to
upgrade any memory configura-
tion. The two 32-pin sockets for
up to 1 MByte ROM are config-
ured with a PEPbug debugging
monitor in standard deliveries. In
addition, application specific
parameters may be stored in an
optional EEPROM with 8 KByte
capacity.

The complete economic high-
performance CPU is imple-
mented in CMOS with less than
7 Watts and occupies only 1 slot
(3U) in a VME rack.

Contact: PEP Modular Com-
puters UK Tel: 0273 423915
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asio Electronics have intro-

duced a new interface pack-
age, Datalink 200, which allows
their Digital Diary to be hooked
up to all IBM-PCs and close
compatibles from 512Kb RAM
upwards.

Datalink 200, compatible with
the IBM PC/XT, PC/AT, PS/2
and close compatibles including
all Amstrad PCs, enables the
transfer of information stored in
the Digital Diary, providing a
convenient and fast method of
processing large amounts of data.

Using the PC, data can be
edited and updated, stored on
disk for archiving or back-up
security, printed out, converted to

other formats and, transferred
back to the digital diary.

Datalink 200 is priced at
£89.95 and comes as a ready-to-
run package, comprising a self-
powered, smart communication
cable with RS-232 connector, a9
to 25-pin AT adaptor, software on
54" and 312" disks, and full
instructional manual.

Datalink 200 can be used with
four out of the five-strong range
of Digital Diaries, which inciudes
the top-of-the-range 64Kb
SE-9000 with 1C card expansion.

For more information contact
Tony Manton, Casio Electronics,
Tel: 081 450 9131

A new longer lasting battery
system specifically designed
for the portable laptop computer
market has been launched by
Gates Energy Products.
Already available in the USA,
the C2500mAh battery allows up
to four hours of running time —
a 25% increase in capacity over

previous battery systems used in
the field.

v
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The C2500mAh could have a
significant impact on the laptop
and portable electronic equip-
ment industry.

Further information contact:
Gate Energy Products, Tel: 0483
757505



t is National Astronomy Week

between 17th-24th November
1990 and if you have ever won-
dered what astronomers find so
fascinating about the night sky,
this will be your chance to find
out.

During National Astronomy
Week there will be hundreds of
locations throughout the UK and
Ireland, ranging from small
amateur societies; to large profes-
sional observations, inviting you

to see for yourself the celestial
bodies in the night sky. On show
will be our near neighbours the
Moon with its craters, the ‘red
planet’ Mars, and giant Jupiter
with the four moons that Galileo
discovered. Farther afield there
are nebulae — enormous patches
of glowing hydrogen gas — and
galaxies containing thousands of
millions of stars.

There are also many indoor
events organised — exhibitions,

talks, and slide shows — in
schools and colleges, observa-
tories, leisure centres, museum,
and planetaria.

The same week sees the
launch of the Dark Skies 2000
campaign. These wonders of the
night sky are becoming more
difficult to enjoy in urban areas
because of light pollution. Astro-
nomers think that by careful
design, light can be directed to the
place of interest and will need less

power. Any light going upwards
is wasted energy that we all pay
for. The more light directed
upwards, the less we all see in the
night sky.

For information on National
Astronomy Week events in your
area contact Linda Simonian,
The NAW Coordination Team,
The Astronomy Centre, Todmor-
den, Lancs, OL14 7HW, enc-
losing an SAE, or telephone
0706 815816.

Anyone who knows how to
use a PC can read and
copy confidential files, personnel
records and commercially sensi-
tive information all too easily,
leaving no trace of a breach of
security. A new data security
system called ‘Policeman’ pre-
vents this risk. An additional
benefit is that as well as protecting
PCsit can also be integrated with
other security products — to
control access to buildings or
departments, for example

Developed by Plus b5
Engineering Ltd of Crow-
borough, the system can protect
any IBM XT, AT or compatible
personal computer. Policeman
gives equal protection to all files
held on the hard disk. As aresult,
security classification is not
required: all files have maximum
security.

Furthermore, management
has the assurance that protection
does not depend on PC users
choosing whether or not to
observe a security routine; they
have no choice. The system is
automatic and there is no ‘back
door’.

The main part of the hardware
is a small external enclosure

which is connected to the PC
via an internal interface. The
enclosure contains a device
which can read specific informa-
tion stored within an electronic
tag, and a PIN number and pass-
word, allows access to the PC.
The ‘PlusTag’ (as it is called) is
small, smooth, light and neat
enough to be carried on a key-
ring or attached to the user by a
cord. The outer stainless steel
panel can be etched or engraved
for identification.

To access the computer and
read the files users must insert
their PlusTag and enter their PIN
number and password. No other
form of access is possible. For
additional protection every
attempt to access the computer is
automatically logged. After three
successive false attempts an alarm
like a police-car siren is sounded.
This feature is a strong deterrent
against attempted unauthorised
access.

Extra security is provided by
an option allowing the user to
encrypt all data on the hard disk.
Before this process can be
initiated the system asks the user
if a back-up copy of the hard disk
has been made. ‘Policeman’ then

automatically encrypts all the data
on the hard disk.

This scrambling process
includes COMMAND.COM and
the whole boot sector; so the hard
disk cannot even be booted
without the use of the Policeman
PlusTag, PIN number and a valid
password. Decrypting is auto-
matic when the authorised PC
user reads the file. The back-up
file can be in either encrypted or

decrypted form.
Another option secures the
system for individual users during
a work session. If the user wants
to leave the PC, even for a
moment, removing the PlusTag
instantly blanks out the screen
and disables the keyboard.
Reinserting the PlusTag enables
work to be resumed
Contact: Plus 5 Engineering Ltd,
Tel: 0892 663211

he Maplin 6-Channel audio

mixing desk, primary in-
tended for use in disco applica-
tions, is guaranteed to raise the
roof and amp levels. The red and
black stereo mixer has six main
input channels, each with preset
level and slide fader controls.

Channels one and two are
microphone inputs with switches
to select low or high level inputs.
Channels three and four and
turntable/line_level inputs are
switch selectable. A feature of
channels is the provision of auto

start outputs for turntable. Chan-
nels five and six are CD/line level
inputs.

A DJ microphone input with
tone, level and talk-over is in-
cluded and a headphone monitor
output with level control is pro-
vided.

Two seven band equalisers are
provided to equalise outputs to
suit room acoustics. The mixer
also has a BBD echo circuit that
can produce effects ranging from
rapid ‘slapbacks’ to reverberation
and discrete echoes.
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On September 3rd the Secre-
tary of State for Transport,
the Right Honourable Cecil Par-
kinson MP, officially launched
Trafficmaster, a new system to try
and beat the jams developed by
General Logistics PLC, a Luton-
based company.

Trafficmaster is a real-time
traffic information system, deve-
loped to provide motorists with
up-to-the-minute information on
motorway traffic problems. De-
signed and built in Britain, it is the
first in-car information system to
become commercially available
in the UK and the first to be
granted a Department of Trans-

port licence under the Road
Traffic (Driver Licensing and
Information Systems) Act 1989.

For years motorists have suf-
fered the effects of traffic conges-
tion on our increasingly over-
crowded motorways. Apart from
the stress and frustration caused
by sitting in a jam, motorway
traffic congestion costs British
business millions of pounds every

year.

The problem has been com-
pounded by the fact that drivers
have been starved of really ac-
curate motorway traffic informa-
tion. Radio reports and other
forms of traffic information can
take between five minutes and
half an hour or more to reach the
motorist, by which time the driver
may already be stuck in a jam.
More to the point the driver has
no way of knowing how far the
tailback stretches or the waiting
time — in fact there is no choice
but to sit and wait for the next

junction.

The new system provides the
motorist with accurate informa-
tion on the speed, direction and
length of any tail-back, enabling
the driver to assess the situation
and take avoiding action before
getting stuck in the problem area
in theory. As General Logistics
Managing Director, David Mar-
tell, commented that: Traffic-
master is the first system to pro-
vide drivers with a more recent

‘birds eye’ view of the traffic
situation on our motorways

Trafficmaster works by hav-
ing over 230 infra-red sensors
mounted on motorway bridges at
approximately two miles intervals
to log the speed of traffic passing
below. If the speed drops below
a pre-set threshold of 25mph —
the sensors relay that information
via a radio link to the General
Logistics Control Centre at Luton.
From there the data is transmitted
via the Air-Call Paging radio
pager network to a Receiver Unit
mounted on the dashboard of the
vehicle.

The Receiver Unit displays the
information on a screen in map
form, giving the driver an audible
and a visual signal when updated
information is received. Traffic-
master then zooms in to a close-
up map of the area where the
problem is occurring — aflashing
block shows location, speed and
direction of the hold-up while

the number of flashing blocks
denotes the length of the tail-
back. Trafficmaster updates infor-
mation every three minutes.

The Unit can be programmed
to begin updating information
before the motorist sets off. Sel-
ecting the zone of the motorway
for which information is required
before setting off, the drivers
hands need not touch the unit for
the rest of the journey. Pre-
selection of the zone also prevents
the motorist being alerted to
problems which are irrelevant to
his planned route.

Cynics might say that when
the majority of motorists have
such a system fitted to their cars
the jam will transfer itself some-
where else, the result of motorists
taking similar avoiding action.
Also the technology could be
available to detect maximum
speeds from the infra-red sensors
as a secondary function in the
quieter periods!

23

mstrad intends to complete

its 1990 leisure product range
with the introduction of a new
high spec camcorder. The launch
of the under-£500 Amstrad
Videomatic VMC200 follows last
year's VMC100, which tested the
camcorder market with a low
price, simple to use model.

The Amstrad Videomatic
VMC200 has been designed in
the UK and is made in Japan by
Amstrad subcontractors. The
3.5kg unit will retail in the UK at
£499.00 including VAT, and will
be available in the UK, Holland,
Italy and Spain in October.

Features include a 6:1 power
zoom, a 1/1,000th second fast
speed shutter, a back light com-

ETI DECEMBER 1990

pensator and an electronic view-
finder with playback facility and
automatic focus.
Other features
include along play
facility (up to 60 §
minutes), a macro
facility for sharp
close ups, a 3 set-
ting white balance
control, a date/
time feature and
afade-in/fade-out
recording facility
which gives a soft
fade at the begin-
ning and end of
each recording to
avoid sharp joins
on recorded tape.
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An electric car developed by a
consortiurmn comprising Ima-
tran Voima, Neste Corporation,
and Lokari recently won a Euro-
pean urban road trial competition
held in France. Driven by Jouko
Ryynanen, the Finnish ‘Elcat
prototype covered a total of 270
kilometres and 90 metres during
the 12-hour trial. The French
Volta 90. which won the competi-
tion last year, finished some 4
kilometres behind the Finish
winner. The Renault Master came

third, over five kilometres behind
the winner.

The Elcat is a totally new
model and has been developed
by the Finnish consortium of the
basis of the partnerships earlier
Finvan prototype. The Elcat will
be unveiled to the public in
Finland at the end of the year.

The 12-hour competition took
place in La Rochelle in western
France last weekend. A total of 20
electric vehicles from France,
Belgium, Germany, and Finland
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took part in the competition. The
majority of these were vans
designed for carrying freight.
The 2-day competition com-
prised two 6-hour periods of
uninterrupted driving, one on
each day, on normal roads of
about 8-kilometres in length.
Speeds in the congested med-
ieval centre of La Rochelle were
low. A number of faster stretches

eams at the Birmingham

Super Prix, the annual race
around the streets of Birming-
ham, benefit from a sophisticated
timing system incorporating the
Concept Keyboard Company’s
touch sensitive keyboard, Over
half the participating teams re-
ceive essential information on
their own and competitor’s lap
speeds from the ‘ComputeRace’
timing system.

An A3 sized Concept Key-
board with touch sensitive keys

were also included to ensure that
the route matched typical urban
driving conditions. Competitors
were allowed the opportunity of
charging their vehicles as needed
during the competition.

The successful prototype was
powered by a conventional lead-
acid battery manufactured by
Neste, which proved the most
efficient during the competition.
The three runners-up were fitted
with nickel-cadmium batteries
costing some four times the price.

forms the basis of the Compute-
Race which is connected to an
IBM PC or compatible and a
printer.

The harsh race track environ-
ment makes a conventional key-
board unsuitable for this type of
data entry. With cars flashing past
at up to 180mph, a fast and posi-
tive data entry system is essential.

The Concept Keyboard allows
a selection of information to be
displayed, from numbers of laps
and pit stops made to current lap

time and the gap between each
car and the leading car. The
system can time up to 48 cars in
a single race. For each race or
practice session, an overlay is
placed on the keyboard and a
segment assigned to a particular
car. As the car passes, the oper-
ator touches the relevant key
and the time is entered into the
system. For greater accuracy, an
optional timing beam can record
the time while the pad identifies
the car.

he Maplin intelligent keypad is

a high security keypad that
will find many applications in
security and areas that require
restricted access. It can be used in
place of a key to control an alarm
panel, locks, and access devices
like doorphones.

The multi-function pad is even
more secure than a key operated

12

system since it can provide up to
four user codes controlled from
one master code, key time out
and wrong code lock out. It allows
zoning and can operate a panic
alarm. It also has its own tamper
alarm.

The unit can be used with
either surface or mortice locks
and the mechanism is supplied

with two strike plates to suit both
types of lock. The lock mechan-
ism itself is not supplied. Connec-
tion to solenoid coil is via two
screw terminals. The unit requires
a cavity of 102x 21 x 29mm for
mortice locks.

The unit requires a 12V DC
25mA supply

J-_V E ol 1—'1".’“

The complete system, housed
in a compact unit, can be plugged
into a convenient power point or
12 volt car battery.

Further information contact
Paul Goddard, Tel: (0962)
843322,
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Intensifying
Random
Signals

High repetitive rate signals
occur in laser pulses, radar,
and digital and communications
data. An oscilloscope can easily
miss infrequent spikes that occur

Screen phosphor

Electron beam

Oscilloscope .~ —0____

CRT screen

in the presence of these signals.
Random transients arise from
trigger failures, noise spikes,
surges, and cross talk.

Because these signals are
infrequent, their trace is too dim
to be seen against the strong,
repetitive signals on the scope
screen. It is now possible to
intensify such random signals and
make them easier to see by
adding an electron-multiplying
microchannel plate behind the

CRT phosphor. This 0.04in. thick
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B
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trace results as there are now
sufficient electrons to excite the
screen phosphor.

With high repetition rates, the
same microchannels saturate.
Electrical characteristics of the
microchannel walls curtail elec-
tron multiplication. Thus bright
traces are limited to comfortable
viewing levels. The combination
of beam amplification and output

&

=

glass plate contains closely
spaced channels set at an angle
to the electron beam axis. Angled
channels ensure that electrons
must strike interior surfaces before
leaving.

Select materials and special
processing enable the micro
channel plate to generate sec-
ondary emission electrons as
incident beam electrons bounce
through the microchannel. Many
more electrons consequently
leave than enter the micro-
channel plate. An easily visible

current saturation is known as
adaptive intensity.

Called the BrightEye Trans-
ient-Intensifying oscilloscope, it
uses the microchannel! plate to
display a 1Hz fault in a 1MHz
signal in 2s. The 2467B Bright-
Eye portable has a visual writing
speed of 4 div/ns and 400MHz
bandwidth. Laboratory BrightEye
models 11302A and 7104 offer
even higher writing speeds and
up to 1GHz bandwidth.

Source: Tektronix Inc., Beaver-
ton, Gregon.

New ignition
system

In automatic engines conven-
tional spark ignition starts com-
bustion and dies out early in the
power stroke which leaves un-
burned hydrocarbons and carbon
monoxide.

In contrast, a new system
called single-spark ignition gen-
erates a high-frequency AC arc
that remains throughout the
power stroke. The result is more
complete combustion that makes
catalytic converters obsolete.

The Zivkovich ignition system
for vehicles consists of a high-
frequency module that delivers

30Hz to the ignition coil. The coil
boosts spark-plug voltage to
80,000V AC. Two switching
transistors in the inverter use a
voltage divider and step-up
transformer to convert 12V DC to
200 to 400V AC. A full-wave
rectifier transforms AC to pulsat-
ing DC. A resistor in parallel
with a silicon-controlled rectifier
ensures continuous output to the
high-frequency module during
spark distribution. The parallel
rectifier converts DC to AC, and
DC-blocking filter stabilizes the
final waveform.

Inventor is Zivkovich Asso-
ciates, Grantham, New Hamp-
shire. The system operates on
both fuel-injected and engines
with carburetters.
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Melting ice on
a windscreen

To melt 0.1in of ice on a car
windshield takes 1500W and
constitutes a severe drain on most
car batteries.

A new dual-output generator
avoids the problem by providing
a separate three-phase AC outlet
for windshield heating. The gen-
erator also has a DC terminal sup-
plying the nominal 12V system.
At O°F, the generator can supply
2,200W.

A power module is used to
boost three-phase AC input from
the generator to a higher voltage,
which is then converted to DC for
windshield heating. A control
module regulates the heating
cycle, checks wind shield current,
ambient temperature, and DC
voltage; and provides automatic

turnoff.

But heating bars in the wind-
shield are hidden beneath a paint
band.

A thin conductive coating
within the plastic-glass laminate
distributes heat evenly. The
windshield itself has no metallic
sheen. The Delcotron generator
from Delco Remy works in con-
junction with the ElectriClear
heated wind shield system from
Libby-Owens-Ford Co., Toledo,
Ohio. .
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More Amplifier Business

have been asked by a friend
whoplaystrad jazzon an acou-
stic guitar with a pick-up to advise
himon constructinganimproved
amplifier. immediately referred to
The Business (ETI March, April,
May "90) for guide lines. In this
design all the pre-amplification is
in asingle stage giving of 4.8 or 23
for inputs of 0.5-1.0V or
50-100mV respectively.
However, in your Dec. 1986
issue, “What makes a Classic
Instrument Amp” by David Peter-
sonsays “The gainrequirementis
simple: an input sensitivity of
10mV to produce a signal of
between 500mV and 2V ade-
quateto drive the power amp. Less
apparent is the headroom. The
signalwhose mean valueis 10mV
can have atransient maximum up
to 500mV” If thisis true, we are in
deeptrouble even at 10mV, since
23times500mVis 11.5VRMS =
33V pk. At 50-100mV, assuming
the same headroom ratio, the
situation appears quite untenable.
Could you please offer some
helpful comments on this problem
since it is clearly fundamental to
get the first stages right.
JCLaine, Lymington, Hants.

Bob Whelan, author of the Bus-
iness Amp replies:

The output from a guitar pick
up willdepend on many variables,
obviousexamplesbeingthe posi-
tion and distance from the strings

and the gauge of the strings. In
deciding the pre-amp gain of the
Business Bass amp, I plugged in
my bass guitar (a Fender precision
with an EMG active pick up)
turned the guitar volume up full
and observed the outputfrom the
pre-amp stage on an oscilloscope.
I played normally to obtain the
lower outputfigure and as hard as

L

Six-string guitars requirin g are
totally different overdrive and
distortion, and valve amps rule
supreme. Most guitarists turn up
untilthe rightamount of distortion
ispresent, giving the sound a nice
edge. Solid state amps are too
clean soundingforthe guitar, and
when overdriven into clipping,
produce a terrible biting treble

improved sustain during solo’s.
Amplifying an acoustic guitar
has its own problems, such as
being very sensitive to feedback
and aloss of acoustic tone. Acou-
stic guitar pickups are normally
of the piezo-electric type, which
have a high output impedance.
Attempting to drive an average
guitar amp with these pick-ups

I possibly could, including slap-
ping the open E string, to obtain
the higher output figure. [ adjusted
the gain allowing a little headroom
on the maximum signal produced
by the guitar. Irepeated this for the
high gain input using a Fender
Telecaster bass. I have exper-
ienced no problems with pre-amp
overload. The Business amp was
designed for the Bass guitar as it
requires a clean powerful sound
with good separation at low freq-
uencies.

sound. Most commercial solid
state guitar amplifiers have diode
shaping circuits, or secret pro-
prietycircuitsonthefrontendinan
attempt to emulate the sound of
overdriven valves, but with limited
success. It would be hard to name
a top professional guitar player
who does not use avalve amp. In
guitar music, such as heavy metal,

the Marshal 100 watt valve ampli-
fier dominates the scene. Truly a
classicamp. A lot of guitar players
also use acompressor pedalto get

results in a loss of signal and bass
response, producing asound that
can best be described as tinny’
Feeding the pickup into a buffer
with aninputimpedance of 1 to 2
Megohms overcomes this prob-
lem. One idea to produce good
results for an acoustic guitar would
be a valve pre-amp with an input
impedance of around 1M driving
a soft clipping MOS-FET power
amp. [ wish Mr Laine the best of
luck with his improved guitar
amplifier project.

Project Ideas AR S o e i e i e

As a keen constructor of the
projectsin ETI (Iam building
the superscope at present), and
also akeen caravanner, lwasvery
interested inthe caravan hot water
control unit a while back, which [
intend to build. What I was won-
deringis whether it would be pos-
sible to use the circuit given and
make adjustment automatic so
that the unit would ‘look to see
what the current was being used
for by other devices and then
adjust the water heater accord-
ingly. I thought of this as being
useful in a space heater using
a thermostat so that when the
thermostat was off (or TV/ lights)
the water heater would increase
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the current not exceeding 10
amps.

Anotherpossibility for a project
would be a complete charger
control unit for caravanners and
campers, similar to the ZIG units,
possibly in modular form, with a
‘smart’ charger which could charge
up the battery but would know
whether to use boost or trickle
charge. Other suggestions include
abattery monitoring system using
tricolour leds, a ‘night’ switch to
switch ona 12volt outside light at
dusk, and monitoring of water
levels in hot water tanks. I'm sure
there would be interest in such
devices and it could be done as a
series although I haven't the ability

to design any of this stuff!

Another valuable project
would be a good quality mixing
desk in modular form that could
be built to whatever size was
required, with separate mixing
channels and a main unit with
monitoring and full off-air talkback
facilities. Idealy the unit should be
12/24 /140 volt operated so that
it can be used for outside broad-
cast away from the mains.

How about a fairly hefty 12V
power amp with 100 volt line
output, or alternatively a 12DC
to 240AC invertor with enough
power to drive 300 watts or so of
mains equipment. Hope these
ideas are of some use.

The magazine is very good but
seemsto be getting a little short of
advanced assembly projects
recently, and please don't follow
the craze of reviewing tons of high
priced MIDI instruments, not all
your readers even LIKE music!

Keep up the good work.

Ian Beeby, Bolton, Lancs.

You ask a lot, particularly on the
demands of a 12V battery. Don’t
be surprised if your car will not
start after using your creations.
Anyway, you suggest lots of inter-
esting ideas and indeed food for
thought for our readers to come
up with the goods for publication.
— Ed.
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Interak 1'ﬁ

BUILD YOUR OWN COMPUTER

TR
= 9 ! . "ﬂ =

INTERAK can be commenced with the minimum of outlay. Bare
boards from £10.95; beg barrow or steal the components, or buy
from us - all parts available separately. No special or cusiom chips
(ie PALs, ULAs, ASICs elc) usaed - no secrels.

Go as fast or as slowly as your funds and enthusiasm permit.

Made for those who must know what goes inside. Full circuit
diagrams and descriptions are provided. And honestly, can you
really use a computer effectively if you don't know what's inside and
nobody will tell you?

Solid engineering construction - something to be proud of. 19" 3U

rack mounting, plus in circuit boards and modular construction
keeps obsolescence at bay.

Flourishing Independent Users Group, and newsletter. Hundreds of
programes on disk at little or no cost from the Users Group.
Program in machine code (Assembler), Basic, "C", Forth, etc.
Database, Word Processing, Scientific applications.

Cassette tape operation or disk (up to 4 drives, 1 Megabyte 3.5"
available from us, but you can add 3", 525", 8" if you want). Disk
operating system CP/M Plus.

64K RAM, Z80 based at present with potential for expansion to a 16
Megabytes address space and Zilog's latest Z80280 in thg future.'
Needs no specialised knowledge to construct, and we will happily
get you out of a jam if you get into one.

Availability of personal and individual after sales service, impossible
to obtain from large-.companies, who are only after your money.
Security of supply - from Greenbank Electronics, established

in 1970.

Greenbank

For more details write or phone us:
Greenbank Electronics, Dept. (ETI 12), 460 New Chester Road,

Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391.

SURVEILLANCE

PROFESSIONAL QUALITY KITS

Arange of high quality kits as supplied to leading UK security companies, allin-house designed
and produced, notto be confused with cheap imports. Al kits come fully documented with concise
assembly and selting-up details, fibreglass PCB and all components. All transmitters are fully
luneable anid can be monitored ona normal VHF radio or tuned higher for greater security. Build-
up sarvice available if raquired.

MTX Micro-miniature audio transmitter. 177mmx 17mm. 9V operation. 1000m range ... £12.95
VT500 Hi-power audio transmitter. 250mW output. 20mmx40mm. 9-12V operation. 2-3000m
T Nt rouminne i onii s e Mot o S S ARt TR e £15.95
VXT Voice activated transmitter. Variable sensitivity. 20mmx67mm. 9V operation. 1000m
TANE v et R B ) Wbt nies . £18.95
SCRX Sub-carrier scrambled audio lransmitter. Cannot be monitored without decoder fitted to
radio. 20mmx67mm. 8V operation. 1000M raNGE ...........covuwesmirmmsirrassnesnsionsansiassanes £21

SCDM Sub-carrier decoder unit for monitoring SCRX. Connects 1o radio earphone socket.
Provides output for headphones. 32mmx70mm. 9-12V 0peration ... £21.95
HVX400 Mains powered audiotransmitier. Connects directly to 240v AC supply. 30mm x 35mm.

500m range ... Y £18.95
XT89 Crystal controlled audio transmitter. High performance. 100mW output. Supplied with xial
for 108MHz. Others available to 116MHz. 85mm x 28mm. 9V operation. 2-3000m range £36.95
QTX180 Narrow band FM crystal controlled audio transmitter. 180MHz frequency. Requires
Scanner receiver orour QRX180 kit (see Cat)20mmx67mm. 9V operalion. 1000mrange £39.95
TKX900 Tracker/Bleeper transmitter. Transmiits continuous stream of audio pulses. Variable one
and rate. Powerful 200mW output. 63mmx25mm. 9V operation. 2-3000m range ....... £21.95
ATR2Microslzetelephonerecordinginterface. Connects betweentelephonelines (anywhere)
ant cassetie ractrder. Tape switches automnatically with use of phone. All conversations recorded.
Powered from line. 10mMmMX35MM ... -
TLX700 Micro miniature telephone transmitter. Connects to line (an ) Swi

with phone use. All conversations transmitted. 20mmx 20mm. Powered from line. 1000m range
............................................................................ it £12.95
CD600 Professional bug detector/locator. Variable sensitivity. Multicolour bar graph readout of
signal strength with variable rate bieeper. Second mode AUDIO CONFIRM distinguishes between
localised bug transmission and normal legitimate signal such as pagers, cellular etc
70mmx100mm. 9V operation ............ £49.95

UK customers please send cheques. PO's or registered cash. Please add £1.50 per order
for P&F. Goods despatched ASAP allowing for cheque clearance. Overseas customers
send sterlingbank draft or Eurocheque and add £5.00 per order for shipment. Credit card
orders accepted on 0827 714476. Trade enquiries welcome.

Send 2x1st class stamps for the new 1991 Catalogue.

THE WORKSHOPS
95 MAIN RD, BAXTERLEY

NR. ATHERSTONE
WARKS CV4 2LE 0B27 714476

THIS EXCITING PROJECT INCLUDES:
* FILM-NET MAIN DECORDER PC.B.
* VIDEO PROCESSING VIDEO PC.B.
* PARTS LIST

No. 1 INSATELLITE TV.

BUILD YOUR OWN FILM-NET DECODER

CITY SATELLITE SYSTEMS LTD & MONTIQUE CONSUMER ELECTRONICS UK LTD
OFFERS YOU THE OPPORTUNITY TO BUILD YOUR OWN HQ MONTIQUE DA100 SIGNAL
ANALYSER FOR ASTRA SATELLITE TRANSPONDER No. 11.

* WORKING THEORY AND DETAILED TEST PROCEDURE
* HQ P.C.B. THROUGH PLATED, SOLDER RESIST, DOUBLE SIDED, COMP IDENT
+ DIMENSIONS MAIN P.C.B. 250mm X 125mm, VIDEO P.C.B. 110mm X 125mm

ONLY £34.99 + P&P POWER SUPPLY EXTRA £7.99, 12V 1 AMP REGULATED.
CONTACT CITY SATELLITE SYSTEMS LTD ON 081-503 5326 OR SEND CHEQUES TO 272 BARKING
ROAD, EAST HAM, LONDON E6 1LB. ACCESS, VISA, AMEX AND SHOP CALLERS WELCOME.

CITY SATELLITE SYSTEMS LTD
081-503-5326
272 Barking Road, East Ham, London E6 1LB ETI
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James Archer now
looks at a new TV
system for Europe.

[

16

" HIGH DEFINITION
TELEVISION

Compatible Approaches to HDTV

here is now a general assumption through-
out the television industry that one day in
the indeterminate future HDTV will have
replaced present day television systems. In
the first part of this series we discussed
whether or not it was likely that viewers could be
persuaded to spend money on higher definition
television receiving equipment, especially since there
is currently very little evidence that television picture
quality plays a major part in a typical viewers choice
of programme. The industry is now convinced,
however, that the arguments against HDTV are very
much short-term ones, since the average life of a
colour television receiver is well under ten years, so
that between now and the end of the century, which
is when HDTV will be becoming widely available,
almost all existing viewers will have had to replace their
existing television receivers. This means that the
decision to buy an HDTV receiver will actually
become a decision between buying a conventional
receiver and an HDTV set, a marginal decision that
may well depend to a large extent upon the price at
which HDTV receivers are available.

We have seen already, that there are several
major considerations, both technical and commercial,
which make it unlikely that there will suddenly be a
technological revolution which persuades all the
peop.e to throw away their existing equipment and
rush around to the local shop to buy brand new HDTV
receivers. It is therefore very important to give the
strongest consideration to the various ways in which
HDTV might be introduced, assuming that in the
longer term HDTV will become the normal method
of watching television.

In the studies of HDTV that have been going on
around the world, three main approaches to its

implementation have been prominent. The first
approach, typified by the Japanese 1125-line/60 FPS
system, is to produce a format with a completely new
transmission, that is not compatible with any existing
system such as PAL,SECAM, or NTSC. The general
idea is that such signals would be radiated via satellite
or cable systems, although there is no reason why, in
principle,such a system could not also be adopted for
terrestrial transmission. New receivers specially
designed for the HDTV system would be required to
provide the higher quality pictures and sound.
Conventional receivers would only be able to make
use of these signals if they were to be provided with
complex transcoding standards conversion
equipment, which would only see the new pro-
grammes at a quality determined by the existing
receiver.

The second approach, which has proved of
particular interest to American broadcasters, is to
produce a so-called compatible emission system
format. This consists of a signal is compatible with a
conventional television system plus an added signal
to provide additional information required to produce
an HDTV picture. Such systems enable conventional
receivers to pick up the compatible part of the
programme material from HDTV emissions at the
same quality as their normal pictures, whilst viewers
with special HDTV receivers can make use of the full
quality of the HDTV signal. This type of system can
be considered as truly compatible, since an existing
viewer needs no adaptor to receive the HDTV
programmes, although they are only receiving at the
same level of quality as before.

The step-by-step or multi-step systems are those
using an improved quality TV system a step towards
HDTV, this first step not being compatible with an
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existing standard. The introduction of MAC systems
for satellite broadcasting in Europe can be considered
as an example of a first step. Once scene is set for the
later introduction of HDTV which is fully-compatible
with the new system introduced at stage one.

TVs receiving first-step signals would
automatically be able to receive the second-step
HDTV pictures, but at a reduced quality, and HDTV
receivers wouls be able to pick-up full-quality HDTV
step-two transmissions including first step
transmissions.

In this arrangement, conventional receivers
would not be able to receive the HDTV transmissions.
They could only receive the first step transmissions
if a fairly complex adaptor is used, and even then the
receivers using such adaptors may not be able to make
use of all the technical advantages of the new trans-
missions. The HDTV set would not be able to receive
conventional transmissions unless it was fitted with
extra circuitry, but some people feel that this will not
be a significant disadvantage since it may take so long
for this stage to be reached that conventional
transmissions will have come to an end of their natural
life. This writer tends to feel that conventional trans-
missions still have a great deal of life left in them, and
the extra cost of including conventional decoding
circuitry for PAL signals would perhaps make little
difference to the total cost of an already expensive
large screen HDTV receiver.

Using this step by step approach it seems that at
least three different generations of receiver hardware
would be involved:

Step 1 Conventional receivers:

Existing 525/60 and 625/50 NTSC, PAL,
SECAM receivers.

Step 2 Improved system that retain 525/60 and
625/50 displays (MAC systems, for
example).

Step 3 Full HDTV receivers.

There may also be several other intermediate
steps introduced, allowing developments such as wide
screen enhanced receivers which are capable of
improved 525 or 625 line displays, withcut providing
full HDTV quality.

Figure 1, which is based on a drawing from
Professor Krivosheev of the CCIR study group which
is examining possible routes towards HDTV, gives a
broad overview of the various options which will
become available as the change from conventional
services to HDTV takes place. It illustrates the various
linkages that must be taken into consideration
between the different elements of the television system

RECORDED MATERIAL
el | ——— FILM PRODUCTION OF HDTV
HD PROGRAMME PHD’;%T(}’“GN ———= CINEMA FILM
EXCHANGE | |\c MATERIAL CENTRE | [——= 525 OR 625 CONTRIBUTION
|e———#- 525 OR 625 TAPE
\
POTENTIAL BROADCASTER
DISTRIBUTION INTERFACE —=
BANDWIOTH FULL
525 OR 625 ENHANGED REDUCED BANDWIDTH
CONVERTER HDTV
LHNVERIES CONVERTER ENCODER
TO 525 OR 625 POTENTIAL g R
DISTRIBUTION BROADCAST
SYSTEMS INTERFACES

DISPLAY

TERRESTRIAL SATELLITE CABLE E’g{ﬁ}g&&
SERVICES SERVIGES SERVICES it
CASSETTES)
|
|
|
|
ANTENNA DISH TUNER CONVERTER |
TUNER AND AND |
DEMODULATOR DEMODULATOR DEMODULATOR |
FROM 525 OR 625 + ) + |
DISTRIBUTION |
SYSTEMS
HOME HD
RECORDER
IDISK OR
CASSETTE]
|
COMPATIBLE |
SERVICES
RECEIVER
' PROCESSING
525 OR 625 HIGH-DEFINITION
RECEIVER TYPE

Fig. 1 HDTV Delivery — The future environment (CCIR Report 801-3).

of the future, from studio, via the transmission
channel, to home.

The key part of the future broadcasting environ-
ment will be the HDTV production centre which is
shown at the top of the diagram. Whilst most of the
productions will be made in the HDTV format, it will,
not for the foreseeable future, be necessary to use
other contribution formats as well, since archival
material in 525 and 625 line formats, analogue and
digital, as well as films in various formats, will provide
much of the necessary programme material.

From the production centre the HDTV pro-
gramme material will pass to the broadcasting network

&

i ‘ HD | HD HD-MAC
CAMERA STUDIO ENCODER
B25-LINE B625-LINE B25-LINE MAC |_
CAMERA STUDIO ENCODER

Fig. 2 Simple illustration of HD-MAC compatibility with 625-line MAC.

=

HD-mMAC || | HD |
| DECODER | DisPLAY
MAC 625-LINE
DECODER DISPLAY
WIDESCREEN
625 LINE
MAC DISPLAY
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via a multi-purpose distribution interface, at which
point there will be a number of convertors to change
the HDTV source signals into the various forms that
are necessary for the various broadcast systems. The
convertors will provide outputs suitable for the
standard 525 or 625-line transmissions, enhanced
television transmissions, bandwidth reduced HDTV
transmissions, for use over satellites perhaps, and the
full bandwidth HDTV signals which may be passed

over fibre optic networks.

FIELD 1 FIELDS 1,2 =
FIELD2 ———— — FIELDS 1,2 ————
INTERPOLAT ’
FIELD 1 | ——— || VTEREOLATE | | FIELDS 1.2 e
FIELD 2 ———— —_—— LINES FIELDS 1,2 =
FIELD 1 FIELDS 1,2 ==
SOURCE TRANSMISSION RECEIVER DISPLAY
INTERLACED INTERLACED PROCESSING NON-INTERLACED
Fig. 3 Principle of unconverting from interlaced scanning to
sequential scanning in the receiver.

The outputs from the different delivery systems
are then sent to the viewers, and here it is worth
noticing that the diagram also offers the possibility of
physical delivery of HDTV programme cassettes to the
home as one of its alternatives. The quality of the
picture that the viewer actually sees will depend to a
great extent upon the receiving equipment that is
installed in the home. Signal quality could range from
full-bandwidth HDTV through reduced bandwidth
HDTV to various levels of enhanced television as well
as the basic 525 and 625-line services, and the
diagram shows that it will be necessary for an HDTV
receiver to be able to receive the normal 525 and
625-line transmissions in addition to the HDTV
signals.

of the world’s broadcasters, and the goal of reaching
acommon standard seemed to be getting no nearer,
as those countries using 60Hz field rates felt that it
would be a backward step to adopt 50Hz, and those
using 50Hz felt that it would be too much of an
upheaval to have to make the change to 60Hz. Even
some of the members of the European Broadcasting
Union disagreed as to the field rate to be used.
Allthis gave rise to the formation of a European
multi-national research and development project
aimed at bringing together interested parties to
combine their research efforts in the field of HDTV;
the project was named Eureka EU95. The project was
the joint initiative of Bosch (West Germany), Philips
(Netherlands), Thomson (France), and Thorn EMI
(UK.), but many other European industrial com-
panies and public and private sector organisations also
joined, so that there are now over thirty participants.
The main aim of the projects were to propose a
compatible HDTV studio standard of the highest
quality, suitable for use in 50Hz countries and
designed in such a way that the HDTV signals can,
in future, be transmitted, but can also be used as the
source from which lower quality signals may be
derived, which can be carried by present-day satellites,
terrestrial transmitters, or cable systems and displayed
and recorded with existing receiving equipment.

>ADJACENT LINES

® P——t—H——+—

+—
+ + +

———t———+————+—

SAMPLING PARAMETERS GROSS BIT
SCANNING | ASPECT RATE (Mbit/s)
PARAMETERS | RATIO COLOUR | (Y+2C)x8
LUMINANCE Y | o rpERENCE ¢ | BITS/SAMPLE
144MHz 36MHz
HDP (1) | 1250/50/1 16/9 | ORTHOGONAL |ORTHOGONAL 1728
(1920 s/apw) (260 s/apw)
72MHz 36MH2
HDQ {2) | 1250/50/1 16:9 QUINCUNX | ORTHOGONAL 1152
(960 s/apw) (960 s/apw)
72MHz 36MHz
HDI(3] | 1250/50/2 16:9 | ORTHOGONAL | ORTHOGONAL 1152
| {1920 s/apw) (960 s/apw)
. |
36MHz 9MHz
EDTV (4) | 625/50/1 16:9  |ORTHOGONAL | ORTHOGONAL 432
{600 s/apw) (480 s/apw)
13, 5MHz 6.75MHz
RECE01 |  g25/50/2 4.3 | OATHOGONAL | ORTHOGONAL 216
15) (720 s/apw) | (360 s/apw}
|
{1)HDP = HIGH DEFINITION PROGRESSIVE SCANNING
(2)HDQ = HIGH DEFINITION PROGRESSIVE SCANNING

{3} HDI = HIGH DEFINITION INTERLACE SCANNING
(4) EDTV = ENHANCED DEFINITION TELEVISION

(5) REC601 = CCIR RECOMMENDATION 601

s/apw = SAMPLES PER ACTIVE PICTURE WIDTH

Fig. 4 The proposed family of studio standards.

AND QUINCUNX SAMPLING PATTERN

EUREKA — The European
Approach To HDTV

After the Japanese proposals in the early 1980s for
the adoption of their 1125/60 HDTV system as a
worldwide standard were rejected by the European
broadcasters, the EBU Technical Committee, which
had been studying HDTV since 1981, suggested
various ways in which a world-wide agreement on
HDTV standards might be reached. A major plank of
their proposals was that an 80Hz interlaced HDTV
studio standard should be introduced, 80Hz having
merit that it would allow relatively simple standards
conversion to and from both 50Hz and 60Hz systems.
Unfortunately, this idea was not accepted by the rest

+ + + +
+ + +

Fig. 6 Luminance (+) and colour-difference (0)
sampling pattern for the HDP system.

Another well understood aim was to have this system,
rather than the Japanese 1125/60 systermn accepted
as the world standard, but as has already been
indicated, this aim was much less likely to succeed.

The project did succeed in its aim of submitting
a proposed standard, or more properly, a detailed
specification of such a standard, to the CCIR plenary
assembly in 1990, and of building a full range of
equipment to demonstrate that the system really does
work. This standard can provide pictures which are
a significant improvement on anything seen so far in
the HDTV field, and it has also been designed to be
readily compatible with film, since it is felt that 50Hz
systems are superior to 59.94Hz or 60Hz systems
when it comes to transfer to and from film, and to
make possible the exchange of programme material
between 50Hz and 60Hz countries.

The system is of the step-by-step type detailed
above, in which a full-quality HDTV signal is gener-
ated in the studio, whilst a specially processed version,
know as HD-MAC, is transmitted, a signal that is
compatible with MAC family of standards, so that
people who have bought the first generation of MAC
satellite receiving equipment will be able to make use
of the HD-MAC transmissions at lower than HDTV
quality. In this sense, compatibility means that existing
equipment is not immediately made obsolete as the
new transmissions begin; ‘old’ receivers, (only back as
far as the first generation of MAC receivers, though,
which in 1990 is not very far back!) will be able to make
use of the new HDTV signals, and new receivers will
also be able to pick up straightforward 625-line MAC
signals. This also means that existing video recorders
will not need to be made obsolete, although once
again the initial compatibility will be limited, as current
video recorders can only record PAL/SECAM/NTSC
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signals. It is worth noting however that some work has
been done to investigate whether domestic video
recorders could be made to record MAC signals, and
the outcome was that this should present few prob-
lems for the manufacturers.

The Eureka HD-Mac approach to HDTV is a
genuinely evolutionary approach that will allow
viewers to change up to better standards of display as
they wish. The key to all this is the realisation that no
longer do receiver standards have to be the same as
the production studio standards; it is possible to have
a very high quality production studio source, and to
derive from this a less —good version of the studio
signal which may be transmitted over a standard
bandwidth transmission channel. Once this signal is
received in the home, it can be displayed on an
ordinary MAC receiver, or it can also be displayed on
areceiver that is fitted with advanced signal processing
equipment, which can provide enhanced quality
pictures. Readers who have difficulty in understanding
how studio and transmission path may have different
standards should think what happens in a studio
today, when 35mm film is being used as the pro-
gramme source. The 35mm film is capable of pro-
ducing pictures of a much higher technical standard
than the 625-line PAL network can transmit,but a
picture of somewhat lower quality than could have
been produced from the original film is transmitted via
the transmitting network and is received in the viewer’s
home.
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Fig. 6 Limiting resolutions for luminance and
colour difference components of High
Definition Progressive Scanning system.

Inthe same way, it is clear that pictures could be
transmitted at a field rate of 50Hz and yet displayed
with a field rate of 100Hz if suitable storage and
processing circuitry was built into the receiver. The
simplest way of achieving this field rate upconversion
would be to repeat each field of the incoming picture
to produce 100 field/sec, but if this method is to be
used with 100Hz interlaced displays it is necessary to
interpolate between the lines of the incoming fields
to ensure that the lines appear in their correct places.
To produce a display with a 100Hz refresh rate it is
estimated that perhaps an extra 3 Mbytes of storage
must be included in the receiver, and although this
may seem a lot, it is expected that a full HD-MAC
receiver will need at least 9 Mbytes for all its picture
processing circuitry. This technology can only be
transferred to the domestic marketplace if memory
costs fall, and it is fortunate that memory chips are
expected to fallin price until the cost of all this storage
becomes an acceptable percentage of the cost of the
receiver, the ‘ten-dollar frame store’ being something
that manufacturers regard as a goal which can
eventually be achieved.

The Eureka Family Of Systems

As well as being based on the MAC family of systems,
the various steps of the EUREKA EU95 project have
also been arranged so that each one bears a simple
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relationship, when expressed in digital form, to the
international digital studio standard defined in CCIR
Recommendation 601.

The long-term target for the studio standard of
the European HDTV system, which has been sub-
mitted to the CCIR as a proposed world HDTV studio
standard, has the following characteristics:

Total number of lines per picture 1250
Number of active lines per picture 1152
Scanning method Progressive 1:1 (non-interlaced)
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NOTICE QUINCUNX
PATTERN FORMED BY
LUMINANCE ELEMENTS

Fig. 7 The luminance {+) and colour difference (0)
sampling pattern for the HDQ system.

Aspect ratio 16:9
Field frequency 50Hz
Line frequency 62.5KHz
Normal line period 16usec.

The analogue picture signal is in the form of
three, parallel, time-coincident component sig-
nals,consisting either of red, green, and blue signals
or of a luminance signal and two colour —difference
signals. When expressed in digital form the signals
have the following characteristics:

Number of samples per active line:

luminance signal 1920

colour-difference signals 960
Number of samples per full line:

luminance signal 2304

colour-difference signals 1152
Sampling frequency:

luminance signal 144MH:z

colour-difference signals 72MHz

Since CCIR Recommendation 601 assumes
interlaced scanning, it was originally thought that the
HDTV studio standard might be based upon inter-
laced scanning, but better performance, with a greater
apparent vertical resolution and an absence of inter-
line flicker, can be obtained from continuous (pro-
gressive) scanning, although this performance is only
obtained at the cost of an increased video bandwidth.

576

LUMINANCE

288

CYCLES PER ACTIVE
PICTURE HEIGHT

CYCLES PER ACTIVE
PICTURE WIDTH

Fig. 8 Limiting resolutions for luminance and
colour difference components of HDQ system.

It was therefore decided to base the hierarchical
family of studio standards on a 50Hz progressive
standard. The various evolutionary steps as far as
studio production is concerned are detailed in figure
4, and it can be seen how each step upwards is based
upon the original Recommendation 601 standard;
there are three levels of HDTV defined, together with
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Fig. 9 Luminance {+) and colour-difference (0) sampling
patterns for HDI interlaced system.

an enhanced 625-line system which has a 16:9 aspect
ratio and non-interlaced sequential scanning.

The high-definition progressive standard (HDP)
thus represents the ultimate in the European HDTV
systemn, but requires a large amount of data processing
and storage to cope with its data rate of 1728 Mbit /s.
1920 luminance samples are taken for each active
line, but colour difference samples are taken at half
this rate, and only on alternate lines, giving the
sampling pattern shown in Figure 5.

Figure 6 is drawn to illustrate the limiting
resolutions, horizontally and vertically, that a system
of this type gives, we can see that the vertical
resolution for the luminance part of the picture is 576
cycles per active picture height, and if we say that we
can carry two bits of information per cycle this is
equivalent to 2 x 576 = 1152 active lines. For the
colour difference part of the picture signai, since we
have only 288 cycles per picture height. In the
horizontal direction there are 1920 samples per active
picture width for luminance and half this number for
the colour difference signals.

The next level down in the hierarchy shown in
figure 4 is known as HDQ (High Definition Progressive
Scanning and Quincunx sampling}, and this system
manages to preserve the benefits of progressive
scanning whilst reducing the data rate and signal
bandwidth required, making it a practical way to
provide progressive scan HDTV pictures. This is
achieved by sampling the signal ‘quincunxially, so that
the resulting samples appear in sets of five, like the
arrangement of five dots on the sides of poker dice,
as shown in Figure 7. In order to do this the picture
must first be diagonally filtered, but as we saw when
we were considering the MUSE system, the eye is
happy with the results of this, since it is not very
sensitive to lack of detail in diagonal directions, and
the effective horizontal and vertical resolutions for both
luminance and colour stay the same as for the HDP
system

The limiting resolutions for the HDQ system are
shown in Figure 8, from which the effect of the
diagonal filtering can be seen.

The sampling frequency of the luminance signal
can be reduced to 72 MHz by this technique, but the
colour-difference signals are sampled at the same
36MHz rate as for the HDP signals. The total data rate
for the luminance signal and the two colour difference
signals of the HDQ system is therefore reduced to:
(72 + 2 X 36} x 8 bits per sample = 1152 Mbit/s

The third level of the hierarchy, and the lowest
level of HDTV, has 1250 lines per frame and 1920
samples per active line, but uses 2:1 interlaced
scanning. This is called the interlaced studio
standard,HDI, and the sampling pattern for
luminance and chrominance components can be
seen in Figure 9.

Notice that there are still 1250 lines per frame,
but that each frame is now made up of two sets of
interlaced 625 line fields. Although the luminance can
now be sampled at only 72MHz, compared with the

D

144MHz needed for the HDP system, we still get 1920
samples per active picture width. The interlace makes
it unavoidable that there will be colour difference
signals on every line, as shown in Figure 9, and this
results in greater colour difference resolution in the
vertical direction,, as is shown in the resolution
diagram for the HDI system, Figure 10,

You never quite get something for nothing,
however, and an interlaced display requires about 1.5
times as many lines as a progressive, sequentially
scanning display in order to subjectively give the same
resolution. This means that although the vertical
resolution on the diagram appears to be a full 576
cycles per picture height, equivalentto 1152 lines, in
practice this will be reduced by a factor of about 1,/1.5,
approximately 0.6.

The World Production Standard,
Or Just One Of Them?

The 1250/50/1:1 HDP proposal gives excellent
pictures and it is felt that this system has enough extra
quality in hand to cope with any processing which it
is likely to undergo in a studio environment; the
Eureka EU95 team would like this to become the
eventual world HDTV production standard, and it
certainly seems that it will definitely become the
standard for Europe. To try to persuade the 525-line

LUMINANCE
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=l RESTRICTED DUE TO INTERLACE
COLOUR
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o
@

480 960
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Fig. 10 Limiting resolutions for luminance and
colour-difference components of HDI
interlaced system.

countries that a 1250/50 HDTV system would be
suitable for them, much work has been carried out on
standards conversion techniques. The aim is to show
that HDP signals can form an excellent basis for
conversion to a 1050-line/59,94Hz system and then
can be further downconverted to provide 525-line
NTSC compatible pictures,. It seems that most of the
technical problems of this type of conversion can now
be overcome, but political consideration still make it
most unlikely that 60Hz countries will adopt HDP.

Very good progress has been made with the
production of equipment for the Eureka EU95
project, and as long ago as September 1988 the team
were able to demonstrate a 1250-line sequential scan
camera and a complete HDTV chain sending signals
over satellite links, with displays from projectors and
cathode ray tubes showing the high-definition MAC
signals in may different formats.

Transmitting compatible
HDTV Signals

So far we have discussed in detail only the production
standards part of the European HDTV initiative, but
we must remember that one of the key factors in
undertaking this work was to be able to define a
transmission standard which would provide step-by-
step evolution from today’s 625-line MAC pictures to
full-quality HDTV.

The starting point, and the sticking point, for
anyone wanting to transmit HDTV pictures, is that
CCIR Report 801 gives the definition of HDTV
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Fig. 11 Basic principles of the HD-MAC transmission system.

pictures as pictures having approximately twice the
horizontal and vertical resolution of normal television
pictures; this means that they must contain around
four times the information of a normal television
picture, and will require about four times the band-
width to transmit. Although it might be feasible in the
future to provide enough bandwidth over fibre optic
cable networks and satellites in the bands from 20 —
80GHyz, at the present time, and for the foreseeable
future, we just don’t have the radio frequency
spectrum available to allow us to transmit HDTV,
without first of all processing it in some way which will
reduce the bandwidth of the signals. Effectively, then,
we need some means of taking an 1250 line/50f.p.s.

source picture and compressing it so that it will pass

over a normal 625-line MAC satellite channel and
produce a usable picture on a standard 625-line MAC
receiver. In addition we need the owner of an HDTV
receiver to be able to use the same 625-line signals,
plus perhaps some data transmitted in the frame
blanking intervals , to be able to obtain a high-
definition picture on his display.

The Eureka EU95 HDTV project aims to over-
come these problems, and to use the MAC/packet
transmission system to provide a step by step route
to full HDTV in a manner which ensures compatibility
with all receivers using MAC system. The basic
principles of the HD-MAC transmission system are
shown in Figure 11.

Perhaps the first point of interest in this diagram
is its similarity to the diagram in the previous article
which illustrates the principles of MUS; the same types
of technology are being used to provide better quality
at the receiver than could normally be expected if the
transmissions are sent via a relatively narrow-band
channel. The big difference between the two systems
is that the HD-MAC system can be introduced in a
compatible manner, providing all the commercial
advantages.

The production standard 1250-line HDTV
picture provided by the camera in the studio needs
to have some or the information which it contains
removed before the picture can be passed through a
standard satellite broadcasting channel, which can
cope with a baseband signal bandwidth of about
10MHez. Note that the diagram shows the source as
1250/50 interlaced, since that was the standard used
for the EUREKA HD-MAC demonstrations in 1988,
but further developments in this project will probably
see the ‘top—quality’ source eventually providing
1250/50 non-interlaced pictures.

Characteristics Of The Working
HD-MAC Transmission system

Itis important to remember that HD-MAC is still very
much under development, and that changes to the
original system are almost certain to be made before
regular transmission begin. The HD-MAC studio
production standard described in the previous section

ETI DECEMBER 1990

as the target system is somewhat different from the
working system which is actually being used for tests
and demonstrations of the HD-MAC transmission
system at the present time. This utilises the 1250 lines,
50 fields per second and 2:1 interlace, and differs from
the system that we have described mainly in that the
basic sampling frequency is 54MHz, rather than the
72MHz that we have used so far, giving 1440
luminance samples per active picture line {rather than
1920), and 720 colour-difference samples per line
(compared with 960). Note that these numbers of
samples are twice as many as the samples per line
defined for the CCIR 601 digital standard, so that we
are still transmitting a true HDTV picture according
to the definition given in CCIR Report 801, since we
have twice the horizontal and vertical resolutions of
the basic 625-line standard.

From Figure 11 we see that the pictures from the
source are first subsampled by a factor of four, which
effectively compresses the 1250-line interlaced signal
which has 1440 samples per line and produces a
625-line interlaced signal with 720 picture elements
per line. This lower bandwidth signal is then sent to
a MAC coder for encoding as a standard MAC/packet
signal, which may be transmitted over a standard
direct broadcasting satellite channel.

Although the pictures seen by the viewer with the
conventional 625-line MAC receiver who is watching
images derived from a 1250 line HD-MAC source will
be very good, critical viewing may well show some
aliasing artifacts, taking the form of slight patterning
in some picture areas. This is an inevitable result of
the subsampling of the HDTV signals that has taken
place, but is not generally regarded as seriously
degrading the pictures, and its effect is probably even
less than that which was suffered by viewers of black
and white receivers when the colour television sub-
carrier was added to the transmitted monochrome
signals in the 1960s.

[1

SOURCE

DISPLAY

PICTURE MAC DECODER
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(LUMINANCE/COLOUR
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=
i

source and 4:3 aspect ratio display.

4:3
Fig. 12 MAC decoder expansion ratios with 4:3 aspect ratio

Digital Assistance

Subsampling inevitably leads to some loss of infor-
mation from the transmitted signal, whereas the job
of the HD-MAC receiver is to build an HDTV picture
which is as close as possible to the original. It is
possible, at the source, to analyse what has happened
to the original picture in the subsampling process, and
to transmit information about this to the receiver. This
will enable an HDTV receiver to control various
complex processing circuits, which will allow an
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HDTV picture to be displayed. This extra control
information, sometimes called digital assistance, can
be transmitted during frame blanking intervals, in a
similar way to which teletext is carried on normal
terrestrial transmissions, so that the control infor-
mation is carried as an integral part of the HD-MAC
signal. The capacity of the digital assistance channel
when a standard 625-line MAC signal is being trans-
mitted over a satellite is about 1 to 1.5 Mbit/s.
Much of the information which we shall want to
transmit as digital assistance will be to do with picture
movement, and information about the movement of
various areas of the picture may be sent to the receiver
in various ways. There are two major methods of
dealing with motion, the processing systems being
known as ‘motion adaptive’ and ‘motion compen-

SOURCE
PICTURE

MAC DECODER DISPLAY
EXPANSION RATIOS

(LUMINANCE/COLOUR
DIFFERENCE)
[ —_—

16:2

4.3
Fig. 13 MAC decoder expansion ratios with 16:9 source and 4:3
display.

sation, the latter being a more complex and more
powerful technique. In motion adaptive systems
control information sent merely tells the receiver to
switch between two or more processing methods for
different parts of the picture, whereas when the
motion compensation technique is used the data takes
the form of motion vectors which can used by the
processing circuits in the receiver to accurately
calculate where each group of picture elements should
be displayed. In a perfect world it might be desirable
to send information about the speed and direction of
motion of every moving picture element, but the
available vertical blanking interval data channel is
much too small for this, so the picture has to be
analysed as blocks of pixels, but this works well in
practice.

The Motion Adaptive Technique

The first technique uses an approach similar to that
which was discussed when considering the MUSE
system, in that each picture is divided into two different
types of information, corresponding to areas where
there is no movement of the image, and areas which
are moving. The processing mode that is utilised then
depends upon whether or not the particular part of
the picture is static or moving, and switching takes
place between the two modes, so as to make the best
use of the available bandwidth. It is systems in which
this type of switching takes place that are called
‘motion adaptive’

Whether or not a particular group of pixels is
moving or static can usually be determined fairly
simply by compating the pixels in adjacent pictures.
Having divided the areas of the picture in this way,

the information from the static areas of the picture is
temporally filtered and the subsampled by a factor of
two, which effectively throws away every other pair
of fields. The remaining pair of fields is treated as four
standard MAC fields of 288 lines by 720 pixels, and
these are transmitted over a four-field period. Pixels
are interleaved using a line-shuffling technique, which
improves the effective horizontal resolution. At the
recejver, each incoming picture is stored and then
displayed twice, which, since the picture elements
involved have not moved, provides a satisfactory
display. The information from the moving parts of the
picture is again filtered and then subsampled by a
turther factor of two, and then transmitted every field
period. The resultis a loss of detail in the moving parts
of the picture, but as we saw before, this generally
proves acceptable to the eye, which is not very
sensitive in these circumstances. Motion adaptive
techniques need not be limited to just two classes of
picture movement.

Motion Compensation

The motion compensation technique allows for much
better results than using motion adaptive techniques
when trying to transmit fine detail in moving areas,
but this improvement comes only at the expense of
considerably more complexity in the coder. Basically,
the position of small blocks of picture elements is
compared from one field to another, and the centre
of the block is seen to have moved in a particular
direction at a certain speed. The speed and the
direction of movement are then conveyed to the
receiver by means of the digital assistance channel in
the form of a motion vector, and the position of the
displayed pixels is adjusted accordingly. As was
mentioned earlier, the amount of data which the
DATV channel can carry is limited to somewhere
around 1.5 Mbit/s, which means that the number of
motion vectors that can be sent is insufficient to cope
with very complex movements.

Perfect processing of all pictures is still a long way
away, however, and several different schemes are
being investigated by the Eureka EU95 team, includ-
ing a system which uses both of the above techniques,
automatically deciding which technique to use
according to the type of motion involved, One
interesting trick that can be used in the coder, although
itis very complex in terms of information processing,
is to try each of the available techniques for dealing
with motion on each block of pixels, and then to test
the results in the coder, prior to transmission, by
rebuilding the block in the coder, in just the same way
as it would be treated by the receiver’s decoder. The
result of the test is then compared with the original
information presented to the coder, which is, of
course, still available at that point. The technique
which provides the best result from these tests is then
used for transmission of that particular block.

MAC TV LINE

COLOUR
16:9 ASPECT RATIO DATA
SOURCE DIFFERENCE

LUMINANCE I =5

DISPLAY LINE
4:3 ASPECT RATIO

16:9 aspect ratio.

Fig. 14 Showing how only part of the MAC line is used to provide a 4:3 image when the source has a
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Widescreen HD-MAC

There are various methods which can be used to
achieve compatible widescreen pictures using MAC
Of the various approaches that were considered, HD-
MAC makes use of a system in which the decoder can
be switched between two different sets of compression
ratios in order to cope with pictures having either the
standard 4:3 wideband 16:9 aspect ratios. To under-
stand how this happens, let us consider three different
scenarios, and see what happens at both source and
display ends of the broadcasting chain.

Figure 12 shows the simplest case, when the
source is a 4:3 aspect radio picture and the display has
the same aspect ratio. This is the situation with the
normal standard MAC pictures, and the decoder will
therefore need to expand the received picture signals
by the standard ratios of the MAC system, 3:2 for
luminance and 3:1 for the colour difference signals.

The second case is shown in Fig 13, where the
source is using a widescreen 16:9 aspect ratio whereas
the display is a conventional 4:3 receiver.

In this case using the standard MAC expansion
ratio would lead to the decoded picture being dis-
torted, since the original picture s have been
compressed by the usual 3:2 luminance and 3:1
colour difference ratios. It is therefore necessary in the
decoder to use the alternative expansion ratios of 2:1
and 4:1 if the picture on the 4:3 display is to maintain
the same relative proportions as the original. Unfor-
tunately this leads to the decoded picture being wider
than the display screen, and so in this case we have
to arrange that the 4:3 receiver only takes in and
expands a part of each line, as shown in figure 14.
Effectively, this method discards the sides of the
original 16:9 picture, but keeps the remaining 4:3
picture undistorted.

The third case to be considered is that where both
source and display have the widescreen 16:9 aspect
ratio. In this case the standard MAC expansion ratios
of 3:2 and 3:1 produce the correct display, as shown
in Figure 15.

We thus have a system that allows for different
aspect ratio receivers to be provided with pictures of
the correct aspect ratio, irrespective of the source
aspect ratio, in a very compatible manner. There
remains, the problem that the person who buys an
expensive widescreen receiver will have to put up with
the pictures that do not fill the screen for much of the
time, since this seems unlikely that broadcasters will
be able to provide continuous 16:9 programming for
some years to come, and the vast amount of archival
material shot with 4:3 aspect ratio will always present
this problem. It has been suggested that the areas at
the side could be filled with other information, ranging
from electronically generated ‘curtain’ patterns to small
pictures showing what is on the other channels, but
another option that is likely to be offered by
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manufacturers is to allow for the screen to be over-
scanned top and bottom, making for a picture that
actually fills the visible screen area, but in which the
top and bottom of the original display is lost. To
television professionals who have been trying for years
to ensure that their carefully composed pictures are
seen in the home as closely as possible to the originals
this may be anathema, but to receiver marketing men
it may well be a way of persuading potential custormers
to purchase a widescreen receiver. The French com-
pany, Thomson is promising that its widescreen
receivers will give the viewer the capability of varying
the picture geometry at will, they call it format control,
so as to provide the choice between filling the screen
or having an undistorted picture with blank edges.
Thomson’s advanced television receiver, expected to
be on sale towards the end of 1990, which, as well
as format control, has internal circuitry which provides
a doubling of the lines from the standard 625-line
MAC picture to provide a 1250-line display.

This is to be a multi-standard PAL/MAC/
RGB/YC receiver with all the inputs and outputs that
you could think of, including something with the
marketing man’s dream name of a “golden SCART”
socket, which will allow HD-MAC signals to be
plugged in once they become available. The receiver
is not strictly an HDTV receiver. since the tube has less
resolution than that required for HDTV, but it will let
viewers take full advantage of any extended signals
that become available, and will allow them to make
use of the widescreen display, even with transmitted
4:3 pictures. It is likely to cost around £3000 initially,
according to manufacturers estimates.

Progress With The 1250/60
System

Except for the system'’s being unlikely to be accepted
as the world production standard, work on the
1250/50 studio standard is going according to plan.
The HD-MAC transmission project is also progressing
well, with equipment rapidly being developed for both
studio and home use. The target date for domestic
receiving equipment to be available is 1992, and the
various members of the EUREKA EU95 team are
working hard to meet this target. The 1992 Olympics,
which are to be held in Barcelona, Spain, will be
covered by HD-MAC cameras, and the aim of the
EUREKA manufacturers is to have HD-MAC
receivers on sale in the shops by that time. Most
market estimates suggest that the cost of such
receivers will initially put them out of the reach of the
average domestic viewer, but, as we have seen, there
are good reasons for thinking that these costs can
eventually come down.
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TECH TIPS

High Voltage Lab Supply

eing one ofthese freaks who still find itamusingto

design with, and look at valves, | have longfelt the
need for avariable power-supply otherthan my home-
designed all singing all dancing 0-30V 0-10A just like
any other lab-supply. For quite some time my eyes have
dwelled on an application’s circuit from a certain
supplier of semiconductors, utilizingan LM 117 asthe
regulating part, and (oh, — joy!) an EL 84 output-
pentode as the main series-dropper. Recently I even
noticed a circuit-idea following exactly the same
scheme.

Observing the amount of current available from
an EL 84, it struck my mind that the power-MOS
transistor actually has been invented. No sooner
thought than done. Here is a circuit of a high-voltage
lab-supply capable of delivering a lot more current than
you can ever expect from an EL 84.

ShuntresistorsR13-R16 are found by experiment,
in spite of calculations givingOR37. R12 was delivered
with its associated Voltmeter. The voltage across the
LM 317 never exceeds 8V2 (due to ZD1) minus the
threshold voltage of Q4. Furthermore, an LM 317

needstoidle afew mAsto be stable, so why not utilize
that as driving currentfor an LED control lamp? Con-
stant current sink Q5 supplies about 15 mA, enough
to supply the max 1.45 mA needed for the zener.
Output current sense is incorporated viaR6 or R7, Q1,
Q2and Q3, to protect the meter movementrather than
the semiconductors. If a higher-voltage PNP than
2N5415 can be found for Q1, then Q2 can be omitted.
L2is not strictly necessary, though it does add to the
stability of the circuit. Q4 dissipates 33 W maximum.
It can easily be paralleled, so as to achieve very
high output power indeed. (Separate gate-resistors,
please!). Remember then to alter the values of current
sensingresistors R6 and R7 — AND the transformer,
AND D1-D4, AND —-

Output is short-circuit proof, but definitely NOT
shock-proof to moist fingers.

Finally, it should be noticed that R10, the VO
adjustment potentiometer, must be able to dissipate at
least 0.8 W.

Michael G Lyngsie, Denmark.
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This circuit was devised not only to provide an
ordinary door bell but also to indicate whether any
one had paid a call when the householder was out.

ICais a free-running audio signal generator, the
output of which is fed to Q2 base via R4. In the normal
condition, the output of ICb is at high voltage, and Q1
is cut off so no current flows through the loudspeaker.
On pressing SW1, a low frequency signal is generated
by ICb. This drives Q1 viaR3. Now, the loudspeaker
gives a modulated audio sound.

ICc and ICd comprise an RS latch with ICd
output being high at normal condition. Pressing on
SW1, the low voltage of ICd output triggers the RS
latch. The output of ICd goes low and the led lights.
This state will remain after pressing the Reset button
SW2.

Hong Yu Qing
Tongling, Peoples Republic of China.
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TK

GUARD DOG KIT

| One of the best burglar deterrents is a
guard dog and this kit provides the
| barking without the bite! Can be con-
nected to a doorbell, pressure mat or
any other intruder detector and pro-
duces random threatening barks.
Includes mains supply and horn

speaker.
25 £21.95

DISCO LIGHTING KITS

DLBO0OK 8-way sequencer kit with
built-in opto-isolated sound to
light input. Only requires a box and
control knob to complete ....£39.95
DL1000K 4-way chaser features
bi—directional sequence and
dimming 1kW per channel .. £23.95
DLA/1 (for DL & 1000K)
Uptional op-to input aliowing audio
‘beat/light response p
DL3000K 3—channel sound to light
kit, zero voltage switching,
automatic levei control and built-in
4 mic. 1kW per channel £19.55
XK139 Unidirectional chaser zero
voltage switching and built-in au£d1|g

= POWER STROBE KIT
] Produces an intense . #”

. hgnlbpiulsfe ata
variable frequency A
Hofito15H, ~ — I\"
o Includes high quality
PCB, components,
connectors, 5Ws strobe tube and
assembly instructions. Supply:
240V ac. Size: 80x50x45.
XK124 STROBOSCOPE KIT. £17.25

ELECTRONIC WEIGHING
SCALE

Kit contains a single chip microproc-
essor. PCB, displays and all electron-
ics to produce a digfital LED readout
of weight in Kgs or Sts/Lbs. A PCB
link selects the scale-bathroom/two
types of kitchen scales. A low cost
disgital ruler could also be made.

ES1 £8.25

ELECTRONICS
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| all electronic components. Supply 5-15V DC. W

JR KITS

PROGRAMMABLE ELECTRONIC LOCK KIT

Keys could be a thing of
the past with this new high
security lock. Secure
doors to sheds, garages,
even your home or pre-
vent the unauthorised use
of computers, burglar
alarms or cars. One
4—digit sequence will op-
erate the lock while incor-
rect entries will sound an
alarm. The number of in-
correct entries allowed
before the alarm is triggered is selected by you. Further entries will
be ignored for a time also set by you. Only the correct sequence will
open the lock and switch off the alarm. The sequence may easily be
changed by entering a special number and code on the supplied
keyboard. Kit includes; keyboard, alarm buzzer, hig gualityPC and

ill drive our Latch

ALARM LD T

Mechanism (701 150 @ £16.50) or relay directly.

XK131 £19.95

SIMPLE KITS FOR BEGINNERS

Especially aimed at the beginner. Have fun with your project even after you
have built it and also learn a little from building it. These kits include high
quality solder resist printed circuit boards, all electronic components
(including speaker where used) and full construction instructions with
circuit description.

i | SK1DOOR CHIME plays a tune when
1 activated by a pushbutton

£4.50
SK2 WHISTLE SWITCH switches a
relay onand off in response to whistle
command £4.50

SK3 SOUND GENERATOR produces

S| FOUR different sounds, Including

puilcez’amhulancemre-engme siren
and machine gun £4.50

VOICE RECORD/
PLAYBACK KIT

This simple to construct and even sim-
Elar to operate kit will record and play-

ack short messages or tunes, It has
many uses — seatbeit or light reminder
in the car, welcome messages to visi-
tors at home or at work, warning mes-
sages in factories and public places. In
fact anywhere where a spoken message

XK118 TEN EXCITING PROJECTS FOR
BEGINNERS this kit contains a solder-
less breadboard, components and a
booklet with instructions to enable the
absolute novice to build ten fascinating
projectsincluding alight operated switch,
intercom, burglar alarm and electronic
lock. Each project includes a circult dia-
gram, description of operation and an
aasy to follow layout diagram. A section
component identification and function is
included, enabling the beginner to build
the circuits with confidence £17.25

VOICE PROCESSOR

RECOAN LEO 1280 MEMOAY

witROFRE

AUDID AMP

HIGH QUALITY PCR

is announced and which needs to be changed from time to time, Also suitable for toys — why
not convert your daugher's £8 doll to an £80 taking doll!!

Size

... 76 X 60 x 15mm

TK ELECTRONICS
13 Boston Road
London W7 3SJ
Tel: 081-579 9794
Fax: 081-566 1916

ORDERS: 081-567 8910

1-5 secs normal speed, 2-10 secs slow speed

£25.95

SUPER-SENSITIVE
MICROBUG

VARICAP TUNED
S,
SENSITIVE
ELECTRET
R

HIGH GAIN &
A IFIEA
IGH QUAL 1TY
FIBREGLASS PCH WITH
SCUDER RESIST (30 = 40mm)

Only 45x25x15mm, including built-

,;g —in mic. 88-100MHz (standard FM

e

radio). Range apé)rox 300m depend-
ing on terrain. Powered by 9V PP3
(7mA). Idea! for surveillance, baby
ala i( £6.35

REMOTE CONTROL
DIMMER KIT

TOUCH GONTROL
HFRA MMES CHIP
PRE awym/r\.‘q\

MOULDED
FRONT PLATE =2 sumgmn CHOKE
\magine contraliing the boﬁhtnm of your lights
or swilching them on or ofl from the comfort of
your armchairt This kil contains all the
components fram front panet 1o the last screw
fo enable you to do just thal and fit the shallowest
wall boxes. Max power 300W (not Huorescegt;)
X .

IR TRANSMITTER
KIT

Designed for use with the
XK132 and comes
complete with a pre-

i drilled box. A PP3 9 volt

batiery is required
] Mk 6

XK136 TOUCH DIMMER KIT

VERSATILE REMOTE
CONTROL SYSTEM

These kits can switch up to 16 pieces of
equlpment on and crﬂ or conlrol 16 funcllons
the d for the
MK18 transmmﬁr MK12 recaiver has 16 logic
oulputs and operales from 12 10 24V dc. or 240V
ac via the transformer supplied. The MK18
requiras a 8V battery and keyboard. Great for
controliing fights, TVs, garage doors elc.

MK12 IR Recelver...
MK18

MIK10 16-Way card
601 133 Box for transmit!

PROPORTIONAL TEMPERATURE
CONTROLLER KIT

Uses "burst fire*

technique to

maintain

temperature to

within 0.5°C.

Ideal for

photography,

incubators, wine

making, elc.

Maximum load 3kW (240V AC).

Temperature range up to 60°C.
Size: Tx4x2.5cms. XK140

ORDERING INFORMAT!ON All prices INCLUDE
VAT. Free P & P on orders over £60 (UK only),
otherwise add £1.15. Overseas Customers divide
total order by 1.15 then add P & P: Europe £3.50,
elsewhere £10.00. Send cheque/PO/Visa/Access

No. with order. Giro No. 529314002. Local Author-
ity and educational institutions orders welcome.
Shop Open: Tuesday-Thursday 10 am — 5 pm.

Saturday 10 am — 4 pm.

24 HOURS




A microprocessor
controlled universal
timeswitch system by
Kevin Browne

any homes these days employ

timeswitches to control appliances,

such as the central heating, the

security lighting, the immersion

heater and the greenhouse heating
system This particular timeswitch is designed
however, to replace all of these individual units. Its
central control unit transmits coded control signals
through the mains wiring system of the house, and
is able to control up to 100 remote switching units, at
any give time.

Facilities

® Independent control of up to 100 remote switches.
® 7 hardwired outputs available.

® One-shot or repeating programs.

® Programs selectable on an individual day,
weekdays only, weekend only or an every day basis
® Fixed switching periods.

® Pseudo random period generation within preset
times.

System Overview

Figure 1 shows a block diagram of the overall system.
The main control unit may be plugged into the mains
at any convenient location. The remote switches may

CONTROL I
UNIT

MAINS
/CONNECTION

CONTROL— 7

SIGNALS

Fig.1 Block diagram of Overall System
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be plugged in wherever they are required including
the garage and greenhouse.

The Central Control Unit.

The block diagram in Figure 2 shows the main
functions of the control unit. The CPU (central
processing unit) is a CMOS version of the popular Z80
8 bit microprocessor. This is connected to the ROM,
RAM, display unit, key switches and output latch via

.a common 8 bit data bus.

The ROM (read only memory) contains the
software program, enabling the CPU to perform the
timeswitch operations. This IC is a CMOS version of
the more common 2764 64K EPROM (8K x 8bit).
The software program would actually fit in the smaller
2732 32K EPROM (4K x 8bit). Atthe time of writing,
this IC was not available in a CMOS version, at a
reasonable cost.

The RAM (random access memory) is a 2K byte
CMOS memory chip which is used to store the
switching program, the current time and other system
variables. Only one bit of the output latch is actually
used for the remote timeswitch system. This bit, (bit
7) is used to control the tone transmit circuit. The
remaining 7 unused bits of the latch can be utilized to
provide 7 hardwired timeswitch outputs, if required.

Two signals are provided for the CPU by the
timing section of the circuit. A 3.125 kHz signal is used
by the CPU to format the transmitted code. The
second signal, of 50 Hz, is used by the CPU for
timekeeping purposes.

The PSU (Power supply unit) provides a
stabilized 5V supply for all the circuits. This supply is
either derived from the mains supply, or in the event
of a mains failure, from a standby battery source. The
battery can be of the rechargeable type, since the PSU
also supplies a charging current. A 50 Hz syn-
chronization signal is extracted from the mains supply,
which is used in conjunction with the timing circuitry,
for timekeeping purposes.

The key switches and display unit are mounted
on a separate PCB. The 6 keys interface with the data
bus via diodes. These keys perform multiple functions
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to enable the user to program the timeswitch.

The display unit is a 1 line x 16 character LCD
(liquid crystal display) module. It is one of a range of
self contained LCD modules manufactured by
EPSOM. It contains its own ROM character generator
and display RAM. Care should be taken when
handling this unit as they are quite expensive and
easily damaged.

The tone transmit module is again on a separate
PCB. In response to control signals from the CPU, via
the output latch, it generates a series of 180 kHz tones
which are superimposed on the mains wiring via a
tuned coil and isolating capacitors. These tones can
be detected by all the remote switching units, and
decoded as required.

Remote Switch Unit.

The block diagram in Figure 3 shows the principal
functions of a remote switch unit. A filter is used to
extract the 180kHz control tones, sent by the main
control unit. The tone signals are first amplified, then
decoded and compared with preset switch settings.
If the received code agrees with the preset code the
switching action is enabled. The signal is further
decoded to determine if an ON or OFF command is
being received. The output relay is then switched as
required.

HOW IT WORKS

Main Control Circuit
The Power supply ]

“InFigure 4 tran; ed the 260V mains to 9V, This
is s rectified by diodes D1 to D4 and smoothed by capacitor C2 to
provide approximately 12V DC. This voltage is used, via resistor Ré
and diode D7 to charge the standby b required. The 12 volt
supply is also fed, via diode D8 to the regulator cirouit {formed eround
[C1 and Q1) where the voltage is stabilized st BV,

Resistor R1 feeds positive half cycles of the mains frequency to
the opto-isalator IC10. The outputis fed to the pulse shaping circuity
formed by C1 and R12. The resulting short duration positive pulses
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s connected to the oscillator circuit by diode D1, the result being,

‘The fine tuning is provided by RV10. Since the remate switch units

before being. _appii_ed to the oscillator cirouit via D12,

‘A clock w@ply for the CPU [Figure B) is generated by the circuit
‘around IC4c. The crystalin the circuit is 1.842MHz. This frequency
.-isluwa*tlwmhsmammum operating frequency of the CPU, but the

‘below 3MHz. The B bit data bus is connected to the ROM {IC6], the
\RAM (IC7) and the output latch {ICB). Twelve of the address lines

remalning address lines |A12-415) are used to select an of the various
IC's connected to the comman data bus. Various gates on IC9 are

‘output from the CPU, to provide the correct timing, A truth table of

arginverted by IC4e These pulses are used as a reference by the CPU
10 synchronize the timekesping clock.

Transistor 02, Diode D6 and Resistor R3 form a monitor circuit
for the 12V supply. Q2 s normaly in the ON state. In the event of
mains failure, R2 discharges the smoothing capacitor C2. When the
\oltage across C2 falls to approximately. 8V (121 tumed off, providing
apnmffail signal to the rest of the circuit.

The Timing Section :
The CPU requires two timing o Tttel‘fupt ls, at 5OHz and
3125kHz. The normal supply of the 50Hz signal is from IC10in the
PSU circut, ‘These pulses are applied to one intermiptinput of the CPL.
Inthe event of amains failure these pulses would be fost, so asecond
‘source of 50Hz pulses s required. Thisis provided by oscilator circuit
around IC2. The frequency of oscillation is set by resistors R, R9 and
cé. Vm@hmmrmﬂdlmsfmmmng of the frequency to exactly
‘50Hz. The powe failindication from transistor Q2in the PSU circuit

1C2 only provides an output when & mains failure occurs:

- The second i interrupt signal required by the CPU (3425 Khz) is
used for code transmission timing, This signal is provided by another
555 ascillator cireuit (IC3). The frequency is setby R10, R11 and C5.

are mains pawerted, there is no point in transmitting control codes
dwhgﬁenodsclfrnainsm 1C3istumedoff during these periods,
‘again by the power failure indication from 02, now: mveried by [C4f

LCDdsspla'r unit used in this project can only operate with signals
M.&‘lﬂare also connected to both the ROM and the RAM IC's. The

‘used to AND' these address lines with the MRQ (Memory Required)

the address decoding is shown in Table 1.

Displey Module and Key Switches

The B bit data bus from the CPU, along with two of the addressines
(A0-AY} are extended throuah to the display PCB (Figure 7). Four of
the key switches, (SW32-SW.35) are connegted directly to individual
fines of the data bus. Pressing a key has no effect, unless the I0RQ
(Input/Outpuit Required) lzad fromthe CPU s low. This Iead isnormally
1 i ires thekey
switches. It does this periadically. When a key is pressed duringaCPU
read cycle the appropriate data line is pulled low via one of the diodes.
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{D32-D38}, If twa or more switches are pressed at once, this problem
is sorted out by the softwate program,

The two other switches (W31 and SW38) are wired in series
1o the data lead D1, Both switches, have to be operated together
before an input is registered by the CPU 1o prevent accidental
operation of these switches,

The CPU writes datato, or reads data from, either the cantrol or
data registers in the display, module. Access to the registers is
contralied by the two lower address leads ADand A1 and by address
lead A15 {see Teble 2, A summary of the contro| codes and character
set available within the display module is detailed in Table 3.

Variable resistor RV30 to adjusts the contrast of the display.

Two LED indicators are also provided on the display PCB. LED30
flashes to indicate that code transmission s in progress. LED 31
indicates that mains power is present to the unit.

Transmitters Module

The transmitter is a 555 oscillator cirouit (IC 20}, R21 and C23 set
the frequency of oscillation to around 180kHz. The square wave
outputfrom IC 201s fed to Q20 which acts as a driver for the tuned
circuit, formed by the coil transformer T20:and capacitor C22. This
Circuit rounds off the waveform to nearer a sine wave, before
superimposing it on ta the 240V supply via the two isolating
capacitors C20and C21. The voltage dependentresistor (VOR] across
the 240V supply suppresses noise spikes.

The transmitter circuitis controlled from the oltput latch of the
CPU. The CPU is responsible for coding the transmitted tone. Figure
9 shows the waveform of part of the transmitted signal. The logic 1
level is sent s & burst of tone, and the O level as silence.

The‘ON' or "OFF control signal is determined by the number.of
identical, complete control frames sent within & given time period.
An 'ON’ command requires 16 complete signals within 400
milliseconds, whereas an'OFF” signal only requires 8 within the same
time period.

The F register is known as the FLAG register, and
is not used for general data storage. The contents of
the F register are affected by the results of operations.
such as ADD or logical operations such as AND.
These operations set individual bits, or flags in the F
register. The only two flags or real interest in the
timeswitch program are the ZERO flag, set when the
result of an operation is zero, and the CARRY flag,
set when the result of an operation overflows (ie
exceeds 255). These flags can be used to determine
a program operation in a similar way to the BASIC
IF— THEN statement.

The CPU also has four 16 bit data registers called
IX,IY,SP and PC. The PC register is the program
counter, and stores the point in the program, where
the CPU is at the moment. The programmer has no
direct access to this register. The SP register is the stack
pointer. IX and Y registers are index registers, mainly
used for accessing tables of data information.

There are two other 8 bit registers, I and R. These
last two registers have specialist uses, and in the
timeswitch program are not used at all.

The Stack

The stack is an area of RAM memory set aside by the
programmer. It is used to store temporarily, the
contents of a register pair, perhaps because that
register is required for another job. The contents are
PUSHed onto the stack. In a similar way, you might
make notes or jottings, each written on a separate
piece of paper, then ‘stack’ them on a table. The data
may be recovered by POPing off the stack. in reverse
order (ie first on, last off). The SP register is used to
point to the top of the stack. In reality the stack is
upside down, and grows downwards in memory.

Fig.3 Block diagram of Remote Switch Unit
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The Z80 CPU Registers
The Z80 CPU has 16 general purpose 8 bit data
registers or stores. There are 8 ‘main registers’ called
ABCDEFH and L, and a further set of ‘alternate
registers’ also called A BC,D.E,EH and L. Each
register can hold an 8 bit binary number {ie a number
between 0 and 255). These registers can be grouped
together in pairs, AF,BC,DE and HL to form a store
for 16 bit binary numbers (ie a number between 0 and
65535). The two sets of registers, ‘main’ and ‘alternate’
are interchangeable, so with a single instruction the
main registers become the alternate registers and vice
versa.

Some of the Z80 registers have prefered uses.
The A register, for example, is always used in 8 bit
arithmetic operations. For instance, instructions are
available to add B register to A register (ADD A,B) or
subtract the D.register from the A register (SUB A,D)
but, there is no instruction available to add the B
register to the D register. Similarly the B and C registers
are prefered for counting and loops, whereas the HL.
register pair is prefered for storing 16 bit memory
addresses.

Timeswitch System Memory Map.

Table 4 shows how the available RAM memory has
been allocated in the timeswitch system. The first 64
bytes are allocated to system variables. This is data
such as the current time, the date and so on, the state
of the system and the number of items currently
awaiting attention.

The next 32 bytes are the transmit data queue.
Transmitting a control signal to one of the remote
switch units can take up to 400 milliseconds. This is
a long time to keep the CPU waiting, especially if a
number of control signals have to be sent one after
another. So, the data to be transmitted is queued until
time is available to send it. The transmit queue can
hold up to 16 control signals pending transmission.

Once every minute, the CPU has to check the
entire stored switching program for any program that
requires action at that time. As the current time
changes every 20 milliseconds, the entire operation
has to be completed within this time, Any stored
programs, which require action to be taken are
queued in the job queue, to be dealt with at leisure.
The job queue can hold up to 16 items.

The output state bit map holds the current state
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Fig.4 Main Control Unit — PSU Section *SEE TEXT ﬂ]ﬂ

of all 100 remote switching units. This store is used
after a mains power failure to return all the remote
switching units to their correct states.

The largest slice of RAM memory is allocated to
the user program store. This is where the instructions
you input, such as ‘switch 5 ON Monday at 10.30), is
stored. There is sufficient store for upto 255 program
steps.

The final 64 byte is used for the stack, explained
previously.

The Program Flowchart

The flowchart shown in Figure 12 shows an overall
view of how the program operates. The first section
deals with initialising the system from a cold start ie.
the first time it is powered up. Since the system has
a battery backup, the initialisation would only take
place again if the battery was removed and the system
powered down. After initialisation the program
continues into the main program loop, where it
continues looping the loop for evermore.

A separate section of the flowchart shows the
timekeeping interrupt sequence. The CPU is diverted
from the main program loop to the interrupt
subroutine every 20 milliseconds by the 50Hz
synchronizing signal. This is derived from the mains
supply frequency. After completing the interrupt
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subroutine, the CPU returns to where it left off in the
main program loop.

Each box on the flowchart represents at least one
small subroutine in the timeswitch program. The
flowchart is by no means complete as there are over
90 separate subroutines in the timeswitch program.
Example Subroutines
Itis beyond the scope of this article to give a full insight
into the programming techniques of microprocessors,
but I have selected three of the many subroutines used
in the timeswitch program to illustrate some of the
basic steps in programming. All numbers in the
examples below are written in Hexadecimal format.

5V
15 Ot +5V 2'
18 A0 O =i as
16 A1 O = WR
28E O - E
17 07 O- -
1906 O F
21050 e
e 0] oiseLay
9] MODULE
24D2 0 DISP1
22 D1 O 1 7
20 DO O- {
swa + 5\
a (=] Q
swazl_swsal sw34l SW3s I i 3
1 : 10k >
swas|
p32 W 033 W 034 Woas D:u;*

27 KEY &

”

14 12V O

7 XM

26 0V

Fig.7 Main Control Unit — Display Section

NOTE:

DISP1 = EA-D16015AR
Q30 = BC108
D32-36 = 1N914
LED30 = YELLOW LED

LED31 = RED LED
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[

check is not zero, to a point
called ‘loop. (ie test Zero flag)
Finish the subroutine and
return.

Display A Character

This routine is used extensively in the timeswitch
program to display a character pattern on the LCD
display. On entry to this routine A register contains
a valid display code from Table 3c.

=T

RET

IR

TR el g

&
J
L] =
AN
B
l
I

Ll R

TABLE 3¢ Codes written to Data Register for Display Pattern

CALL busy Call the ‘busy’ subroutine.

(see below)

LD (#9001),A Load the LCD data register
with contents of A register.

(see Table 2)

The Zero RAM routine.
This routine is used as part of the initialisation of the
system, to set all 2048 bytes of the RAM memory to
zero.
LD HL, #3000 loads the HL register pair
with the first RAM address.
(see Table 1)
Address leads IC Selected Base Address
MRQ | A15 | A14 | A13 | A12 {in hex}
0 Jojojo|oO ROM 0000
(O J O V2 B RAM 3000
00101 Output Latch 5000
0 1100 (1 Display Module 9000
TABLE 1 Address Decoding
LD BC, #0800 Loads the BC register pair
with 2048. (the count)
loop LD A, #0 Load A register with zero.
LD (HL), A Load the RAM address
pointed to by HL with the
contents of A (zero).
INC HL. Increase the HL register pair
by one.
DEC BC Decrease the BC register
pair.
LD AB Load A register with contents
of B.
ORC ‘OR’ the contents of A register
with C and leave result in A.
(ie check if both B and C are
zero.
JR NZ, loop Jump if the result of the

RET Finish subroutine and return.
Address leads Address Display Module
MRQ [ A15 | A14 | A13 | A12 | A1 [AO] fin hex) Resister Selected
O ft1rf{ofo|1]|0fo0]| 9000 Instruction Resister {write)
O (10101 ]0f1 9001 Data Register (write)
Cjrjojof1]|1|0| 9002 Instruction Register {Read)
O 1T [O0]0 |1 [1]1] 9003 Data Register {Read)

TABLE 2 Display Module Register Selection

The Busy routine

This routine checks that the LCD display module is

ready to receive an instruction. The program will wait

until the display module is ready.

busy PUSH AF The busy subroutine, save
AF registers on the stack.

wait LD A,
(#9002) Load ‘A with contents of the
LCD instruction register. (see
Table 2 and 3b)
BIT 7,A Test bit 7 of the A register. (the
busy bit)
JR NZ, wait Jump to a point in the

program called ‘wait’ if bit 7
was not zero. (ie wait until the
LCD display is ready for data.
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TABLE 3a Codes Written to the Instruction Register.

Code

(in binary) Instruction

Data line
76543210
00000001 Clear display and home cursor.
0000001* | Home cursorand return shift.
000001 is | Entrymode set.
00001mchb | Display on/off.
00010d** | Shift cursor position.
00011d** Shift entire display
001z10** Function set (used once to initialise)
Olaaaa aa | Setthe user defined character RAM address.
lasaaa a a | Setthedisplay RAM address.

Notes.

* Bit has no effect.

a. Address character generator (range 00 to 3F hex)
display RAM {range 00 to 4F hex)

b. Cursor character flashes. {0=no flash 1=flash)

¢. Cursor. {0=off 1=0n)

d. Direction {O=left 1=right)

i, Increase or decrease address (O=decrease 1=increase)

m. Display mode. (O=off 1=o0n)

s. Shift display-on entry. (0=no shift 1=shift)

z. Set number of data bits. {0=4 bits 1=8 bits)

TABLE 3b Codes Read from the Instruction Register.

C22
A7n =

o

XMIT ez
CONTROL 4
C
7
1
L cz3
== 10
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Fig.8 Main Control Unit — Transmit Section
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NOTE:
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G20 - BC108

FS20 = 250mA FUSE

TABLE 4 RAM Memory Allocation.

Code read : Address | Number of
{in binary) Instruction {in hex) bytes Use
Data tine
3000 — 303F 64  |System variables.
76543210 3040 — 305F 32 | Transmitt data queue. (16 items)
faaaaaaa Read busy flag and address 3060 — 309F 64  |Processing job queue. (16 items)
\oies 30A0 — 30BF 32 |Output state bitmap.
a. Current address in either character generator or display ram, depending ;31,%8 B g;?g 172 Z gts:ékpr&gzraﬁ:r:tst;re. (256 items)
upon previous set instruction. =
f. Busy flag (1=busy O=ready)
SPACE WORD SPACE WORD SPACE
/// | -‘H\“"ﬂ-,
/// | ““-H“"'\-._‘_‘_‘
= i h“""-x..“__
- =
+ 5V | \|
. oV
o b | |
slafe g ma| | |
=l = = o Q; (=] .
- -q-l-| ==
SYNC ‘DATA 1|DATA 2| JllTA 3|DATA 4|DATA 5-11|DATA 12
05 L (1 o o m_|
SPACE 11,62ms 1= WORD 11.52ms |
Fig.9 Data Transmission

POP AF
RET

Restore the AF registers.
Finish subroutine and return
to the display a character
routine.
The Program Code.
The example sub routines given earlier are written in
mnemonic format. ie. LD A B is the mnemonic form
of the expression. Load the A register with the
contents of the B register. Mnemonic form is a way
of writing a program, which we humans can
understand. The Z80 processor, however, requires all
its instructions in binary. It has no knowledge of
mnemonics at all. To overcome this problem there are
two alternatives. The first, is to write the program
directly in binary, but this would be almost impossible
with a program of any size due to the sheer scale of
work involved. For the timeswitch program, this would
involve over 4000 eight bit binary words. A single one —
or nought in the wrong place and the program would
not work.

The second alternative is to use an assembler
program. This is a computer program which converts
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TABLE 5 Binary — Hex Conversion.

Binary Hex Decimal
0000 0 0
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 5 5
0110 6 6
0111 7 7
1000 8 8
1001 9 9
1010 A 10
1011 B 11
1100 @ 12
1101 D- 13
1110 E 14
1111 F 15

Example Binary 0101 1101 converts to Hex 5D
Hex 5D converts to decimal {5x16) + 13=93.

MAIN REGISTERS  ALTERNATE REGISTERS

A F A F
B C B C
D E D E
H L H L

I
INTER-

1%

INDEX REGISTER RUPT
1y 2

INDEX REGISTER REFRESH

5P
STACK POINTER

PC
PROGRAM
COUNTER

Fig-10 Z80 Register Set
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the mnemonicinstructions such as LD A,B into their
binary equivalent — 01111000 (hex 78). Binary
numbers are usually written in hexadecimal format for
convenience. See Table 5. for a quick binary — hex
conversion.

The mnemonic listing for the timeswitch program
runs to over 22,000 characters or 187 lines of
program. This is crunched down to just over 400 bytes
of Z80 program. Thank goodness for computers!

Finally on Software

For anyone interested in further details on micro-
processor programming, | have included at the end
of the article, a list of suggested reading material. As
to the timeswitch project, constructors who are familiar
with programming EPROM chips can use the Hex
listing. The alternative is to buy a pre-programmed
EPROM, details of which will be given at the end of
the article along with the availability of the Hex listing.

—
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Fig.11 Stack Operation
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MONITORS

MONOCHROME MONITORS

THIS MONTH'S SPECIALI
There has never been a deal like this onel
Brand ng new & boxed monltors
from NEC, normally selling at about £1401
These are over-engineered for ultra rella-
bllity. 9" green screen composlte Input with
etched non-glare screen plus switchable
highlow Impedance Input and output for
dalsy-chalning. 3 front controls and 6 at rear. Standard BNC
sockets. Beautlful high contrast screen and attractive case with
camying ledge. Perfect a3 a maln or backup monltor and for
quantity usersi  £39.95 each (D) or g for £185()

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!
Zenlth ZVM-1240-EA brand new & boxed 12" amber flat screen
with optional swivel and tilt base. Sunflex filter with dark tint.
Standard TTL PC compatible. 18 mhzbandwidth. Very attractive
“state of the art” tapered grey case. Standard 9 pin D plug
(supplled) on 1 metre cord and mains cord terminated with IEC
connector. 240 volts complete with operations manual. An ab-
solute gift at: E‘SGDHM(EJ.MMM
Wang green screen 12" chassls monitor with composite video
Input. Adjustable for tiit. Requires 12 wdc. Brand new and boxed
In condition. Only £39 each or 2 for €75 (F)
Motorola M1000-100 5° black & while compact chassis measur-
Ing only 11.6H x 12W x 22D. ideal for CCTV or cﬂl‘ﬁﬂ.ﬂﬂr
applicalions. Accepts standard composite or individual H & V
syncs, Needs 12vdc at only 0.8a. Some unils may have minor
screen blemishes. Fully tested with 30 day guarantes and full
data. £29.00(C)
Fully cased as above In atiracive moulded desk st
swivel. Dim 12 x 14.5 x 26cm. mw(E?
JVC 751 ultra compagct chassis monitor for 12vde 0.7a. Dim 1
x 14 x 18cm. Si DIY data induded to converl to composite
video Input .Full data. BRAND NEW
20" Black & white monitors by Aziek, Cotron & National.
solid state, fully cased monitors ideal for all s of AV or CCTV
applications. Standard composite video Inputs with lnmml
audio amp and speaker. Soldin goodusad condition - t% ed

e 00(F)

with 90 day e

COLOUR MONITORS
Decca 16™ B0 budget range colour monltor. Features a PIL tube,
beautiful ieak style case and guaranteed 80 column resolution,
features usually seen only on colour monltors costing 3 times
our pricel Fleaczr ta connect o most computers or video ou1g.|!s.
7562 composite Input with Integral audio amp & speaker. Fully
tested surplus, sold In little or hardly used condition with 90 day
full RTB guarantee. ideal for use with video recorder or our
Telebox ST, and other audlo visual uses. £99(E) 3/e275(G)

HI-DEFINITION COLOUR MONITORS

Brand new Centranic 14” monitor for IBM PC and compalibles

at a lower than ever prical Completely CGA equivalent. Hi-res

Mitsubushi 0.42 dot pitch giving 669 X 507 pixels. Big 28 Mhz

bandwidth. A super monitor in attractive styla moulded case.Full
90 day guarantee. Only £148
20",22" and 26" AY SPECIALS

y made UK manufacture. PIL all solid state colour moni-

tors, complete with composiie video & sound Inpuis. Atiraclive

teak style case. Parfect for Schools,Shops,Disco, Clubs.
In EXCELLENT little used condition with full 90 day guaramise.

20"...£135 22"....£155 26"....£185®

LIQUID CRYSTAL DISPLAYS

Hitechl LMOS2L 16 chars by 2 lines. Integral ASCHl coniroller.
Svde.Registerfor extemal Instructions.3"x1."E10.85.2/£40,05(A)
Epeon EG-2801 large capacity. 2801A uses normal LCD tech-
nology. 28015 usss Super Twist. Both have enormous 32,768
dots, 512x684 and use multliplexing. Display area 9-3/4" x 1-1/2",
Uses +5wdc. Contrast controlied by -4 to -17vde. Perfect for
graphics or chars. EG-2801A £69 (A) 2£199 (B) 10/ESS5 (C)
Regular£136.  EG-2801S £95 (A) ¥£275 (B) 10/2850 (C)

COMPUTER SYSTEMS

TATUNG PC2000. Big brother of the famous Einstein. The
TPC2000 Professional 3 plece system comprises: Quality high
resolution Green 12" monitor. Sculptured 82 key keyboard and
Inth unit containing ZBOA CPU and all control circults. PLUS 2
megral TEAC 5.25 80 track double sided disk drives. Generous
other features include dual 8" IBM format disk drive support.
Serial and parallel uulgjls, full expanslomrl, 64K ram and
to run software. Supplied complete CPM, Wordstar
and lc. Brand new and covered lmaur famous 90
guarantes and backup. Normal price of this unit is over £1400
Our price .... only .....£299 (E)

V22 1200 BAUD MODEMS

a tremendous buy on further stocks of this ar
Ma Systema 2/12 microprocessor cantrolied V22 full duplex
1200 baud modem - we can now bring them to you at half lsst
advertised price! Fully BT ap‘:mvg unit, provides standard
V22 high speed data comm, which at 120 cps, can save your
phone bill and connect lime by a staggering 75%| Ulira slim 45
mm high. Full featured with LED status | d’celﬁtam:'?wmm
error diagnostics. Syne or nc use; speech ordata s g
built in Zﬁ rnalngy 5| A:;d 2 wire conneclion to BT. Units
are in used but good condition, Fumestad prior despatch, with
data and a full 80 day guarantes, Whal mone can you ask for -
and at this pricell ONL g (D)

LARGE QUANTITIES

200 000 Lol

%% §7"s § 2 IR oo MonFr
Pl b fod o RSO
:“.. : ..... : :.“. L] z :

RECHARGEABLE BATTERIES

OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOWI

MAIL ORDER & QFFICES

Dept ET, 32 Blggin Way,

IBM KEYBOARD DEALS

acemant of backup keyboard, switchable for IBM PC,
orPC-AT.LED's for MScmll & Num Locks. Standard

nd DIGIT

A ANALOG CONVERTERS

PC-

iﬁ::iybnarﬁiaymﬂ‘lla:}:ly CR for the English & US markets. Brand new and boxed Amdek
utely standard. Bi new & boxed with manual and key ADA-200 analog to digital and
template for user slogans on the funclion keys. Atiracti

digital to analog converter packed
with features: Interfaces to most
popular PC’s; 2 channel Input &

belge,grey and cream finish, with the usual refractable legs
undemeath, A generous IB%{:}W cord, terminating In the
standard 5 pin DIM plug. 1 ful clean plece of manufac- output by software selection; Inte-

Wiors surpius, What a (B) 2175 () o) 1/ fiiters and address decoder; Input pre-amp; overdevel
Brand new and boxed 84 key PC/XT type keyboardsin standard detecter; trigger signal detecter circuit and more. Input level
|1BM grey with very attraclive motied finlsh and "clicky” solidfeel 25mv to 50v p-p. Max. sampling frequency Is 44khz and Input
keys. 10 function keys on side. Englishlayout and £ sign. Green galn varlable to 200 times. Deslgned for use with almost any
LEDs for Caps, Scroll & Num locks. £29.95 (B) 5E135 (D) personal computer, allowing conversion of analog signals to

au, digital data for processing by the computer pius converslon back

ELOPPY DISK DRIVES to analog signals. 26 page manual supplied has data on the
BARGAINS GALORE !

correct connectlon to many CPU’s including B080, Z-80, 6800,
NEW 54 inch from £29.95

6502 and 6809 familles plus data and schematics for user
modification of VO filter cut-off frequencies. With 50 way ribbon
1 cable, edge connector and power cord. At a fraction of the
Massive purchases of standard 514" drives enables us to pras-
ent prime product at industry beating low pricesi All units (unless
stated) are removed from often brand new egalpmem and are
a

regular pricel Brand new & boxed.......ccnnmnnnee
POWER SUPPLIES

fully tested,aligned and shipped to you with a 90 day guarantee All PSUs 220-240vac input and are BRAND NEW unless
and operate from +5 & +12vdc, are of standard size and accepl stated. Many types ranging from 3v to 10kv always in stock.
m si-an%rd 34 way wms?‘féw oo Power One SPL130. 130 watts. Link selectable for 12v (4A) or
TMUGJ\ mm WNW b oS 0. g 24y (2A). 5v@ 20A. 1 12v @ 1.5A. Swilch mode.  £50.95(B)
Tmmmmm-al B0 st nsm g ;uar 2;\%33?1 t_l:a‘\:::’arus.4 Switch mode. +5v @ 2.5a. +12v @
GANDD"TECGtc.DS Lt holaht. 40or80T  £79.00(C) 28 Aa. 6-1/4" x 47 x 1-V/4" £19.95(8)
FERE 4080 umm. BRAND N : Greendale 18ABOE 60 watls swilch mode.+5v @ Ba12v @

CRb5F 40 80D g EW E79.00(C) 1a115v @ 1a. RFE and fully lested. 11 x 20 x6.5cms. £2495(C)

3% INCH BRAND NEW AT £19.9511
Never before seen price for a 312" drive. Standard size belleved g?“l‘;: ;(gs:g' ;?ngénaggffzgnfsﬁmcfﬁwh moda.+5v

1:_:&&; Igg(‘:amn. Brargl&nav; and pack - mint condition] 40

gt T O 1005 o for Eaa 00y T N 6a, +12v @ 258, -12v @ 0.5, -5 @ 0.5a. £29.95(8)
CHOOSE YOUR 8 INCHI Famell G&/40A. Switch mode. Sv (@ 40a.Encased EQS.DD{C}

Shugart 800801 SS refurbished & tested £150.00 3 Famell G24/5S. As above bul 24v @ 5a. £65.00(C]

Shugart 851 double sided refurbished & lested ﬁzas.oos

Mitsublehl M2894-63 double sided switchable

£40.95(C)
Boshert 13090, Switch mode ldeal for drives & system. +5v@

hard or soft sectors- BRAND NEW £250.00(E) Pleasa specify 110 or 240 volts for AC fans.
SPECIAL OFFERSIH 3 inch  AC. 112" thick £
Dusl 8" drives with 2 megabyle capacity housad n a smart case 3V2 Inch  AC ETRI slimiine.Only 17 thick. £ 8.
with bullt In pawar supply! O S48 R0 dinch  AC 110/240v 112" thick. £10.95(8
idaal a5 exteior drves] nly .00 (F) 4inch  AC 112" thick £9
End of line purchase scoop! Brand new NEC D2246 8" 85 10Inch  AC round. 312 thick, Rotron 110v E£10.
megabyte of hard disk storagel Full CPU control and Industry 10Inch  As abave but 230 voits
standard SMD Interface. Ultra hi speediransferand access ime 82 mm DG 1" thickNo.B12 for 8/12v.814 2dv.  £15.95A
leaves the good old ST506 Interface standing. In mint condition 80 mm  DC 5 v. Papsl BI0SG 4w, 38mm. AFE.  £10.95(A
and comes complete with manual. Only.... £309(E) :“-I'n':":' gg }g: 1‘3‘;“?};;_“;3;-& gi
MAINS SUPPRESSORS & FILTERS [RIL= R0 I TS £14,
Roxburgh SDC 021 2 amp malns RF filter. Has an extra wide
frequency range of 150 khz to 30 mhz. Can type, solder lug THE AMAZING TELEBOX!
connection. Quality manufactured to BS 613 standards. Dims Con your colour monitor into a
1-1/2D x 1-9%/4™H........... £3.95 or 3 for £10 (A) 10 for £28 (B) uTy
Roxburgh SDA 013/25. Similar to above rated al 1-1/2 amps. QQA T?/OSL gzzl;-v L
Dims 1-1/2"D x 1-3/4’H....£3.25 or 3 for £8.50 (A) 10 for £25(B) : .B-x :
Suppression Devices SD5 A10. Exira compact general pur- Pe & VIDEO
pose suppressor. Plastic moulded case with single bolt fixing 2 TUNER!

and snap connectors, Rated at 230 vac 5 amps. Dims 1-3/4'L  Brand new high quality, fully cased, 7 channel UHF PAL TV tuner
x 1-1/8"W x 58"H............£3.85 or 3 for £10 (A) 10 for £28 (B) s:mem Unit simply connects to your TV aerial socket and colour
Belling-Lee type L2127 3 amp malns RF fllters. Has a built In o monitor urning same Into a fabulous colour TV. Dont worry
malns cable (English coding), and a three pin minlature non-re- |f your monitor does'nt have sound, the TELEBOX even has an
versible socket and a mating plug, to go to the equipment. Ideal Integral audio amp for driving a speaker pius an auxiliary oulE-li
for those who are bugged by RF Interference. Very compact. for Headphanes or Hi F system elc. Many other features: LED
Dims 3-1/8" x2.6" x 1.5 ............... £3.95 each or 3 for £10 (A) Status Indicator, Smart moulded case, Mains powered, Built to
BS safety specs. Many other uses for TV sound or video etc.
Sumied BRAND NEW with full 1 year guaraniee. '
T x ST for composite videa input monitors......... £29.

Telebox STL as ST but with integral speaker. E34.

LEAD ACID
Maintenance free sealed long lifa. Type A300.

Telebox RGB for analogue RGB monftars................
12vaite | oY S amp/irs £ 9.95(a] NOT sultable for IBM or Clone type colour monitors. PAL
12 volis tapped 1.8 amp hours. RFE. £ 5.95(A) overseas version please call. SECAM / NTSC not avallable.
12 volts 12 volts 24 amp hours. A200. RFE. £29.00

NICKEL CADMIUM - BRAND NEW PRINTERS

Quality 12v 4ah cell pack, Originally made for the Technicololor TEC Starwriter Model FP1500-25 daisywheel printer renowned
video company. Contalns 10 GE top quality D nicad cells In a for Its reliability. Diablo type Eﬁm mechanism gives superb reg-
smart robust case with a DC output connector. Ideal for poriable Istration and quality. On board microprocessor gives full
equipment. Brand new. 9.95(8) Diablo/Qume command capabliify. Serial RS-232C with full
Ex-equipment NICAD cells by GE. Removed from ipment handshake. Bidirectional 25 cps, switchable 10 or 12 pitch, 136
and In good, used condition: ' D size 4ah 4 g) cpl In Pica, 163 In Elite. Friction or tractor feed. Full ASCH
F size 7ah 6 for £8(B ISEIDudng £ sign. Font an;l rlilhbon Diablo ]?omp;!m.;mcm(ﬂ

DPG21 minialure ball point pen printer r sm

SPECIAL INTEREST with full 40 characters per line. Comp!gie with data sheet which

Tektronix 1751 Waveform/Vector monitor £2750 Includes clrcult diagrams for simple driver electronics..... £48(B)
Trio 0-18 vdc bench PSU. 30 amps. New E 470 Centronics 150 series. Always known for their reliabiity In
DEC VAX11/750 inc. 2 Meg Ram DZ and full continuous use - real workharses In any environment. Fast 150
documentation, in brand new condifion £3900 cps with 4 fonts and cholce of interfaces al a fantastic ;:ngO?eOICI

DEC VAX Station 100 E 2851 Serial up 1o 9.5" paper, lan fold traclor..

DEC LS/02 CPVU board £ 150 1504 Serialupto 9.5 , tractor, roll ors/s = .

mpﬂ dﬁu&' !;rlgzi dn.lrl':\al 3 pen plotter Ez g 162-2 parallel up to 14.5" paper, tractor or s/sheel....E140.

Thu c al

TE Tt ool 2 i, _CALLFORD®MAY OGRS W BC
elttronix 140 NTS! test signal standard. : X i a

oIk oo cmmansyzion ot o £ 750 | NI

ADDS 2020 VDU terminals - brand new £ 225 | . ) sl S

Sekonic SD 150H 18 channe! Hybrid recorder I=oallé colour television for as little as £29] Come and

Trend 1-8-1 Dala transmission test set £ 525 | fein the gang at 215 Whitehorse Lans!

DA-3501 CD tester, laser pickup simulator £ 350 .... REHNBHULOOIS5

LONDON SHOP
100's of bargains!
Open Mon-Sat 9-5.20
215 Whitehorse Lane.
South Nerwood,
London, SE25.

DISTEL @ The Orlginal
Free dlal-up databasel
1000's of ltems+info On Line
300 bd 081-678-1888,

bd 081-679-6183,
200.bd DB1-679-8763

ALL ENQUIRIES
081-679-4414

Fax- 081-679-1927
. Telex- 894502

5.00-5.30

3

-Electronics-

VATo omer amount. Minimum order £10. PO orders from ent, Universities, Schools & Local
pou. (A) {G)=Call . A

Govermm
-moq.-{m-eg.m. {C}-EBH!. (D)=£10.00. (E}=£12 .00 (F=E17 00 goods supplied subjedt to our

without prior nofice, Orders accapied subject to siock Quotations wilingly given for higher quartities than thoss ctated. Bulk surphus abways required for cash,

ona retusm to base basis.We ressrve the right io chaings prices & specificalions




WEHAVE THE WIDES i FERAOGAAPH RTS? Recordo: Tast et from £200
OSCILLOSCOPES 3 THURLEY PLI2OMD Twice 30V Quad Mod Digitat ... £200
I&LHEE(:}UIPMENTCTTI Curve Tracer £250

TEXTAONIX 2445 Four Trace 150MHZ Dusi T8 . 1200 0 TP2000 Liniversal LCR Bridge Banary fom €128
TEKTACNIX 22454 Four Trace 100MHZ Dual TE £1000 | MARCONI TF2337A Automatic Distortion Matar 400HZHKHZ . £100
TEXTRONIX 2235 Dual Trace 100MHZ Dilay Swaep 850 | MARCONIMOD Meters TF2300, TF23008. TF2303kom . £100
TEKTACNIX 2215 Dusi TrmmMHZDeMyéwaep £450 | MARCONI TF2803 AF Millivortmetet 50KHZ-1 SGHT; 75
TEXTRONIX 475 Dual Trace 200MHZ Deiay Sweep 550 | MARCON! TF2430 Digital Freg Countar 10HZ-B0MHZ . E8
TEXTRONIX 465 Dual Trace 100MHZ Delay Sween . £450 | MARCONITFY1521 RF Sower Meter S00MHZ 10/25W. 50chm £25
SCHLUMBERGER/ENERTEC 5218 Three Trace 200MHZ MARCONI TFAIA AF Powsr Mstar 20HZ-3SKHZ 20mN-A0W  £20

D s.mERI , e L e ] 650 | AAGAL 3915 Frea Counar 10-520MHZ Crysti Crven
SCHLUNBERG ENERTEL 5220 Dusal Trace 100MHZ FARNELL PSU HAoN00 0-30V 0-100A y y

nwm? iy £500 | UNINTERAUFTED Power Supply lype A
bt L mos_ it
PHILIPS PM3217 Dual Trace 501 y Sweag & — PHYSICALLYS ILLIANT
ERfeTmeene | O e

J Ll Blay Swae YEID— i

GOULD CS3I000A DGl race 40MHZ Dy Swiap TV 1o €280 ONLY 30— Ml aihar modelesibiahie |
GOULDOS1100 Dual Trace SMHZTY Trig . 180 | LEADER LMV18EA Two Ch Mymetar SHZ-S00KHZ: 1300V €100
GOULD 05300 Dual Trace 20MHZ 280 | WMUISUIAVIES AC Vormar Dial ChA0HZ-500KHZ,
GOULDDS52508 Dual Trace BMHZ TV THG £160 J00u00V £75
COSS0R COUNS0Dugl Tace 35MHZ Delay Swesp - £100-6150 | SOLARTAON 7045 Mullimeter 4% diglh 50 ranpes Auioian  £85
S.E LABS SM111 Dual Treoe 18MHZ. (E130 | FARNELL Pulse Gen Systain 1H2-10MHZ SinglaiDouble €40
TEXTRONIX 220 Digital Storage Dual Trace SOMHZ LOGIC FHOBEK&WW TTLCMOS {PEF £3) £i0

(20MSls Sampiing Fate}asnaw .., . £1160 Li-.'g;rln ol BENCH POWER SUPPLIES available . from £40
e P e Rl AL

itz Stor: il Fracs 1 o

GOULD 0S4000DigialSorage ual rage 1OMHZ .. £ SOME BRUEL & ICJOER EQUIPMENT ‘
THIS [8 JUST A SAMPLE — MANY OTHERS AAILABLE ALWAYS AVAILABLE — PLEASE ENOUIRE
H.P. Bi12A Programmable Pulse Genratar SOMHZ £1500 | LEVELL TM3BAG Microvaltmatar 1HZ-3MHZ. 50\s00V 280
BRADLEY Dscllloscope Calibrator 192 with Cal Can. £BOD | | EVELL TM3A AC Millioltrmater 1H-3MHZ: S0v-500V 240
DATRON 1081 Awtc Cai OMM. Tus AMSete ... (850 | | EVEL| Ossilater TG152. 3HZ-300KHZ Sine/Sq trom £85
SOLARTRON 7076 DVM up o 7V diglh ACIRMSIOGIOM | £700 | [EVELL Oscillatar TG180M 1 SHZ-1S0KMZ. Sme Wair 230
H&SS\MJB‘[SnWKGMnnhdll 0.1-1000MHZ 780 | LEVELL Dacade Osc TFBEA 02HZ-L.22MHI. Low
MARCONI TF2008 M.*Fmlzt & M}j.ZSlnGImT.F,.m £450 | Distofion from £35
S T O NP 0 52X N S i T2 'E400 | MANY MORIE ITEMS AT AIDICULOUS FRICES — List avallabi,
MARCONI TF2018 AMFM 10KHZ-A20MHZ Sig Gan

WHRTFRITE: | oviarny E350 | HAMEG OSCILLOSCOPE HMiDGS Trigia Trace TOOMHZ. Dot
WARCON TF209 without Synchronisar TFZ173 £175 Timeaass

MAACON! TF2356r2357 Level OsciMeter 2OMHZ — tha pair _£050 MM&%SCIL-.OGCGFE HM B0 Dual Trace BIMHZ Dalzy Sweap
L omeorat s Frame Flupsavalabl] .. 1000 | i SSCOPEHMEGS D e S0NHE o
TEKTRONIX 451 Spectrum Analyser 1512 4GHZ Hﬁu?é'&smuo’scoﬁe WMID53 Dusl Trace 20MHZ D':%"";
Allcther modelu svaabh with 2 probes

< from £1,000-1,400
H.P. 1417 Spactrum Analyser Sysissnwith

BLACK STAR EQUIPMENT (P8P aff units £5)

APCLLO 0 — 100MHZ Courmer Timar RatioParicd Tima Irieral

e . B g aroch
ABQLLO 100 — J00MHZ (As abowe with mare fnctions} £205
H £

#5554 4 |F Plug-m, \OMHZ1BGHE
HP 1417 Spactrum Analyzer Syssar wi
8854 5 IF Plugrin, S00RHZ1250MHZ
HP 1417 Spectrum Ansévser Syssam wilh

IF Plugn KHZAYOMHZ ..., 2,000 | | METEDR 100 FREDUENCY COUNTER 100MHZ 108
mnaéginf‘rs sﬁeﬁmfﬂﬂmmz ~£3,000 METEQR 600 FAEQUENCY COLNTER S00MHZ £138
SYSTRON DONNER 1702 Sig Gen 00HZAGHZ . tesp | | METEOR 1000 FREGUENCY COUNTER 1GHE. £178
85164 81y G 1 B0 4GHZ i JUPTOR SO0 FUNCTION GENERADR O IHZSOKIZ

;: ! = i WS Tr T "

H.PB814A 5ig Oon BIOMHZ24GHT oo GRION COL QU BAA GENERKTGR PaiFrividss £209
TERTRONIK TMB04 wilh POSOBISGS0ATG01 fawsy; | Altathes Biack Siar Fauipment avallable:
RACAL 6081 Syrthesiad Sig Gen 5-520MHZ FE50 | HUNGCHANG OMM 7030 31 digh, Hand nald 28 ran, |
RACAL 9008 Mo Mater 10MMZA SGHZ B8 | e P A o Hund i 2B oas g
RACAL 9301 AMS Woametes 10KHZ-1 3GHZ £250 | As avove MM 6010 6,255 Acc £33.50
SCLARTRON 7150 Digital Muitimater &4 diga £300 | Carmying Cass lor nbove
AVD Valvo Gharaciersiic Muter VCI163 TomE28CL380 | ooy {O5COPE FADBES Swichible . vi0  PAREI)E11

[] ipi —with 30 g Ranualuup;ﬁ.m!mités
This o VERY SMALL SAMPLE OF BTOCK. SAE or Te for iats
CARFIAGE all inits £38 VAT 12 ba ddad |o Tatal of Gooca & Carringe

STEWART OF READING

110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Tel: 0734 68041, Fax: 0734351696, Callers welcome 9am-5.30pm Mon-Fri {until 8pm Thurs)

19” RACK MOUNTING EQUIPMENT CASES

Thisrange of 19" rack cases features satin black finished 1BSWG (1 5mm) steel front panels (no fixing holss visible),
with the rear box assembly constructed from 20SWG (.9mm) steel. The standard units are 10" (254mm) desp.

NEW FOR 1980 19" project cases only 4" (101mm| deep and are available in the following popular sizes:

PROJECT CASES :
Type Height Price
I Please supply photocopies of the following articles from PU2 3% (68mm 21850
| ETI (complete in block capitals): | AR

PU6  10%" [266mm) £26.50

i EQUIPMENT CASES
Month .......... oA an. o8, o ..... Page (if known) ......... I Ul 1% (admm) 82070
| Hz 3" (ngm)) £24.15
i 3 5%’(133mm)  £27.60
Title .............. . ool oot oo basooseapoonas0acooa0ton I Us  7(178mm) 2090

Delivery included (UK only).
All prices include VAT,

BLANKING PANELS, RACKING CONSOLES
and RACK CABINETS are also available.

Please send SAE tor details.
Tel: 0275823983 for Access/Visa Salesorcheque

with order to:
RACKZ PRODUCTS
PO Box 1402 Mangotsfield, Bristol, England, BS17 3RY
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| enclose a cheque/postal order made out to ASP Ltd. to
the value of £1.50 per photocopy ordered.

19” RACK CASES

* Suitable for instruments, high quaiity ampilfiers and many other applications that demand strangth and
y A X i LA

—— i ——— — ———— —
=1
=2
)

i — oo T finiah + N front pancls # Sap
Total remittance £ Date . I front ing plate, no fixing i the front andthe side of theenclosure + Heavygaugairont panel
I Isofbr | lum finishent 1 i onel handles & With vertilation slits and plastic faat
Name # Rear box 1.1mm Inblack, Rackmounting or free standing. Comes In quick
seesteereanans 0000000 Goodonoo0n 0090080000 00900000 5000 000050000 000008000 05000000 I assembly fial package.
Panel Size Rear Box " Price
Address ........... 00000000 co0000dbo 0000006886055 50J5000560000060060600000000 0000000 I Order Code WHinch)y W H D Weight o
u101 19%1.76 17x1.5x10 2.4kg 26.95
u103 19x5.25 17x5.0x10 3.5kg 29.95
I u212 19x3.5 17x8.0x12 3.3kg 29.75
U312 19x5.25 17x5.0x12 4.0kg 31.95
................ crerereereaeeeeene.. POStCOdE e, U412 19%7.0  17x65x12 46kg 34.95

the completed form and your remittance to:
ETI Photocopy Service
Argus House
| Boundary Way
| Hemel Hempstead
|

I Herts HP2 7ST S —

Please add £3,00 P&P for the first item and £1,50 for each additional jtam.

—— —
wn:
D
=
o

Please add VAT to above prices.  Overseas orders welcome.

CRICKLEWOOD ELECTRONICSLTD

40 CRICKELWOOD BROADWAY, LONDONNW23ET
Tel:081-4520161 Fax: 081-208 1441
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Electroparts

TV. Video - Flectronic &pares - Import & Export
342 Pinner Road, North Harrow
Middlesex HA14 LB
Tel: 081-472 5778 / 081-861 4286 - Fax: 081-861 4271
Super Service Credit Card

Competitive Drices Orders Welcome
&peedy Delivery

-\ For

Quality Components
&
Fast Service

Please phone or write for catalogue. Enclosing 30p A4 SAE.

TRADING

ELECTRONIC COMPONENTS
& EQUIPMENT
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ONE POUND BARGAIN PACKS

All packs are £1 sach. Note the figure on the extreme leftis the
packref number and the next figures is the quantily of itemsiin
the pack, finally a shart description.

BD2 5 13Aspursprovideafused outlettoaring mainwhere device
such as a clock must not be switched off
BD9 2 6v. 1A mains transformers upright mounting with fixing

clamps
BD13 12 30wt reed switches, It's surprising whit you can make
withe these —hurglar alarms. sacret switches, ralayein et

BD22 2 25wantloud speakiet wo unit cross - overs

BD30 2  Nicadconstant curment chargas adaptincharge almost any
nicad battery

BD32 2 Humidity switches, 25 the air becomes dampar the
membrane strafches and operates a microswitch

8D42 5 13Arocker swilchihres tag s onfoll, orchange over with
qonire off

BD45 1 24hr time swilch, ox-Eleciricty Board, automatically
adjust tt lengthening and shartening day,

BD49 5 Neonvalves, with serias resistors, thasa make good night
lights

BD56 1 Minl urisedector, one usa is for an stectic jlgsaw puzzie,
we gacireull diagramifor this. One putseinio motor, moves
Switch through on pale

BD67 1 Suck or blow operated pressure swilch, or It can be
operalad by any kow pressure variations suoh s water level
inwaier tanks

BD103A 1 6v750MApowersuppIy,nicelycasedwithinputandoutput
leads

BD120 2 Stripper boards each contains a 400v 2A bridge rectifier
and 14 other diodes and reclifiers as well as dozens of
condensers etc

BD132 2  Plastichoxesaporox. 37 cutawith square hole throughtop

5o ideal for interrupted basm switch
BD134 10 Muotors for madsl aeropianas. spin to start so needs no
switch

DB137 1 6'%" 40HM Speaker 10 watt raling.

BD133 6  Microphone inserls — magnetic 490 ohm also act as
speakers

BD148 4 Reedrelaykits youget 16reed switchesand4 coil setswith
nates on making cio relays and other gadoets

BD149 6  Safetycover for 134 sockets — prevant thoss inquisitive
it fingers getting nasty shacks

BD1B0 6  Waonindicators in panel mounting holdars with fens

BD193 6  Sampdpinliushmountingsockets makesalowcost disco
panal —nesd gable clips

BD199 1 Maingsolanoid very powsrful has 1" pull or could pushif
modifiad

BD201 8  Keyboard switches — made for computers but have many
olher applications

BD211 1 Electricclockmainsaperated putthisinaboxand youneed
never be lale

BD221 5 iarms make a noise about 35 loud &5 a car horn.
Siightly solid but OK

BD252 1 Panostal, cantrols autpat of bolling ring from simmarto boil

BD259 50 |ears with push on Ve* tags — a must for hook ups —
s efe

BO283 2 tohes for bell or chimes, these tan maing
il be foot switch iffitted into pattress
BDZBE 1 Mini T watiamp lor recard player. Will also changespesd
of record player motor
BO3DE 1 Tubuiar dynamio mic with optional tabis rest
BDBS3 2 Minlature driver transtormers, et LT44, 20k fo 1k; centre

tappad
80548 2 35voltrelays. each with two palrs changeover contacts
BDEST 2 47ul, non—palarised block capacitors, peb mounting

There are over 1,000 items in our I you want 1ph Py

TV SOUND DECODER. Nicsly cased, mains powsred with 8
channets. Will drive a small speaker directly or could be fed into HI Fisystem
aic, £12.00 aach, Rat: 12P22,

VIDEO TAPES Thess arethree hour tapes of superior quality, made
underlicenca from the famous JVC Campany. Offerad atonly £3 each. Our
raFaF‘sa OrSfor £11. Our ref 11P3. Orfor the really big user 10 for £20. Our
ref20P20

ELECTRONIC SPACESHIP.

‘Sound and impact conlrolled, responds to
claps and shouts and reverses whenit hits
anything. Kit with really detailed instruc-
tions. Ideal presant for budding young
electrician. A youngster should be able to
assemble butyoumay have tohelp withthe
soldering of the components on the pch. Complete kit £10. Our ref 10P81.

2KV 500 WATT MAINS TRANSFORMERS. Suilable for
high voltage experiments or as a spare for amicrowave oven etc. £10.00. Ref:

12" HIGH RESOLUTION MONITOR. Amber screen,
baautifully forfree standing, neads anlya12v15ampsupply.
Technical data is onits way but we undersland these are TTL input.
Brand naw in maker's cartons. Price: £22. Order ref 2292,

STC SWITCHED MODE POWER SUPPLY 220V or
110V operationgiving5Vat2A +24 al.25A +12at.15Aand +90V at 4A.
£12.00 each. Ref: 12P27,

COMPOSITE VIDEQ KITS. Thess convert composite videointo
separate h-sync, v-sync and video. Price £6. Our ref 8P39

BUSH RADIO MID! SPEAKERS. Sterso pair. BASS raflex
system, using & full range 4in driver of 4 ohms impedance. Mountad In Very
nicely made black fronfed fi inets. Cabinatsizeapp 2in
wide, 14in high and 3'%in deep, Fittad with a good Iength of speaker flex and
terminating with & normal audio plug. Price £5 the pair, Our ref 5P141.
3vain FLOPPY DRIVES. W stil have twamodels In stock: Single
sided, B0track, by Chinan. Thisisinthemar | ithh

and IDC connectors. Price £40, refarence 40P1, Also & double sided, 80
track, by NEC. Thisis d. Price €60, ref B0P2, Bothare brand

YUASHA SEALED LEAD ACID BATTERIES 6y 108t
only £9.00 each or 2 for £15,00. Rel: 15P37,

SINCLAIR C5 WHEELS
Inciuding Innér tubes and tyres. 13" and 16" diameter spoked
polycarbonale whesis finishedin black. Only EGeach 13" ref6P20.
16" ref GP21

PCSTYLE CASES 18" x18" x6". Completewithfanand grill
illuminated power switch and IEC fillered power input plug. Priced atonly
£15.00. Ref: 15P38.

VERY POWERFUL 12 VOLT MOTORS. 1/3rd Horsepower,
Madle todrive the Sinciair C5 electric car butadaplableto powerago-kan,
amower. araif car, model railway, etc. Brand new. Price £20, Our ref 20P22.
PC POWER SUPPLIES. Brand new ith builtir fan and power

switchontheback +5 5 +12 ~12150 watt madaby AZTEC, £2500 aach.
Ref: 25P18,

PHILIPS LASER
Thisishelium-neonand has a power rating of2mW, Completaly safe
s0long as you do not ook directly into the beam when eye damage
couldresult, Brand new, full spec, £35 Mains operatad power supply
forthistube gives 8kvsiriking and 1,25kvat SmA running. Complete

kit with case £15

please request this when ordering.

PERSONAL STEREOS Again customer returns butcomplete and
with stereo head phanes. & biargain at only €3 each. Our ref 3P83,

MAINS OPERATED MICROWAVE CONTROL
PANEL WITH TOUCH SWITCHES This has 2 2-digit display
withabuilt-in clock and 2 relay outputs, 1 for pawer and 1 for pulsad powar
level. Could be used for all sorts of timer control applications. Only £6. Ref

EQUIPMENT WALL MOUNT, Multi-adjustable metal bracket
for speak, etc. 2 for £5. Our ref 5P152,

STABILISED POWER SUPPLY KIT. +—+/V20A. Contains
PGB, transformer end all camponants excluding case, etc. Our price s £20.
Ref20P25

KEYBOARDS. Brand new uncased with 84 keys plus PCB with
several ICs. Only £3. Ref 3P89.

SUB-MIN TOGGLE SWITCH. Body size 8mmx4mmx7mm
SBOT with chrome dolly fixing nuts. 3 for £1. Order ref BD649.

COPPER CLAD PANEL., For makinig PCB. Siza approx 12in
longx8Y2in wide. Double-sidad on libreglass middis which is quits thick
(about 1116in) so this would sunport quite heavy campanents and couid ever
formachassis loholda mains rznsformar, afc: Frice & each, Ourrs! BDEIR

POWERFUL IONISER
Generalas approx 10 limas mors |ONS than the ETI and similar
clrcuits. Will refrashyour harme, office, workroom etc. Makes you feel
Dbetter and work harder — a complete mains operated kit, case
included. €18. Our ref 18P2

REAL POWER AMPLIFIER. Foryourcar it has 150watts cutput,
Freauency response 20hz to 20Khz and signal (o noise ratio batter than
B0d/b. Has bulltin shon circull protection and adjustableinput leval to sult
your existing car sterao, 5o needs no pre-amp. Works into speakers el, 30P7
described betow, A real bargain at only 5700, Order ref: 57P1,

REAL POWER CAR SPEAKERS. Stereo pair output 100w
each. 4-0hm impadance ana consisting ol 614 wooler, 2" mid range and
1" tweaeter !deal {0 work with the amplifier dascribed above. Prica per pair

ORGAN MASTER is a ffiree oclave musical keyboard, It s
beautitully made, has full size (piana size) keys, has gold plated contacts
and iscomplete with ribbon cable and edge connactor, Gan be used with
many computars, requestinformation sheat. Brand new, only £15 plus£3
postage. Our ref 15P15

HIGH RESOLUTION MONITOR. 9in black and white, usad
Philips tube M24/306W. Made upin alacg) and has open side.
Mad for use with OPD computer but suitable for most ofhers: Brandnew,
£20, Ref 20P8.

12 VOLT BRUSHLESS FAN. Japansss made. The gopular
square shape:41/2in x 41/2in x 134in), Theelectronicallyrun tansnatonly
consume very litife current but also they do notcause Interference as the
brush lype molors do, Ideal for cooling computers, etc., of fora caravan, £8
each. Our raf BP28,

MINIMONO AMP onpc.b.size 4" » 2" (app.)
Fitted Volume control. The amplifier
has three transistors and we estimate
the output to be 2W rms. More
lechnical data will be included
with\he amp, Brand new, parfect
condition, offered at the very low
price of £1,15 each, or 13 for £12.
NEW MAINS MOTORS. 25 watt 3000 rpm made by Framco
approx 6" x4” x3" priced at only £4. Ret 4P54.

SHADED POLE MOTORS. Approx3” square available in 24V
AC0r 240V AC, both with thraaded output shaft and 2 fixing bolls. Priceis
£2sach, 24V raf 2pB5. 240V ref 2P66,

MICROWAVE TURNTABLE MOTORS. Complete with
weight sensing electronis that would have varied the cooking time. Ideal
for window displays elc. Only £5. Rt 5P165.

SURFACE MOUNT KIT. Makes a super high gain snooping
amplifier on a PCB less than an inch square! £7. Ref 7615,

INDUCTIVE PROXIMITY SWITCHES, Made by Honeywel|
these units are brand new and affered at only €12 each which is a fraction
of their normal price, 10-36V DC madel ref 12P18 or main version 12920,

1990 CATALOGUE NOW AVAILABLE PLEASE
SEND 6" x "9 SAE FOR FREE COPY

BULL ELECTRICAL

Dept. ETI, 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT.
MAIL ORDER TERMS: Cash, PO. or cheque with order, Please add£2 50
sarvice charga. Monthly account orders accept from schaols and public
companies. Access & Barclaycard orders are acceptad — minimum £5,
Phone (0273) 203500. Fax 23077

POPULAR ITEMS — MANY NEW THIS MONTH
1990 CATALOGUE now available — phone for copy.

YUASA LEAD ACID RECHARGEABLE BATTERIES.
1.9AH 12, £6.00 each. ]

JOYSTICKS for BBC, Atari, Dragon, Commodore, C64 only. All€5each
All brand new, state which required.

BOSCHERT SWITCHED MODE POWER SUPPLIER.
+5at 154 +12813A ~12al2A +2431 24220y o 110vinput. Brand newand
guaranteed. Retail price is £180!) ours £20. Ref: 20P30,

SUB-MIN PUSH SWITCHES Not much bigger than a plastic
transistor but double poie. PCB mounting. Three for £1. Our ref BD68S.

AA CELLS. Probablythemostpopularofthe rechargeableNICADtypes.
4for £4. Our ref 4P44,

20 WATT 40HM SPEAKER Withbuiltin twester. Really well made
unitwhich as the power andthe quality for hi-fi. 6%2in dia. Price £5. Our ref
SP155 or 10 for £40 ref 40P7

MINI RADIO MODULE Only 2in square with farite 2arial and soli
diatuner with own knob. Itis a superhet and oy from a PP3battery and
would drive a crystal headphane. Prica €1, Our rat BOTI6,

BULGIN MAINS PLUG AND SOCKET. Theoldfaithtul 3pin
with screw terminals The plug is panel mounted and the socket is cable
mounleg.sa pairsfor £1.0r 4 plugs or 4 sockets for £1. Our ref BD715, BD715P
or BD7158,

MICROPHONE. Low cost hand held microphone with on/off switch
inhandie, lead terminatesin one 35 plugandone 25 plug. Only£1. RefBD711.

MOSFETS FOR POWER AMPLIFIERS AND HIGH
CURRENT DEVICES 140v 100w pairmade by Hitachi. Availablein
H pack Ref 2899 and 25K343 £4 a pair. Raf 4P51

TIME AND TEMPERATURE LCD MODULE. A 12 hour
clock, aCelciusand Fahrenheitthermometer. atoo hotalarm and atoacold
alarm. Approx 50 x 20mm with 12.7mm digits. Requires one AA batteryand
a effw’l: switches. Comes complete with fult data and diagram. Price £9. Qur
ref 9P5,

REMOTE TEMPERATURE PROBE FOR ABOVE. £3.
Qur ref 3P60.

600 WATT AIR OR LIQUID MAINS HEATER. Small coil
heater mada for heating air of liquids. Will not corrode, lasts for years, coil
size 3inx«2in mounted on amatal plate for easy fixing, 4india. Price £3. Ref
3F78 or 4 for £10. Qur raf 10P76

EX EQUIPMENT SWITCHED MODE POWER
SUPPLIES. Various makes and specs but generally +5, +12v, ideal
bench supply, Only £8 Our rel 8P36.

ACORN DATA RECORDER. Made for Electron or BEC computer
but suitable for others. Includes mains adaptor, leads and book. £12. Ref
2P15.

PTFE COATED SILVER PLATED CABLE. 19 strands of
45mm copper, will carry up to 304 and s virually Indestructabls, Available
Inredar black. Regularprice isover £120 parrael, our priceonly £20 for 100m
real. Ret 20P21 or 1 of sach for £35 Ref 35P2, Makas absoiutely superb
speakar cable!

NEW PIR SENSORS. Infrared mavement sansors will swi upto
1000W mains. UK made, 12 months manulaciurers wasranty, 15-20m range
with a0-10min timer, adjustable wall bracket, daylight sansar, Only £2500.
Ref 25P16.

GEIGER COUNTER KIT. Includes tube, PCB and allcomponents
to build a 9V aperation geiger counter. Only £39, Ref 39P1.

BBC JOYSTICK INTERFACE. Convertsa BBC jotstick port to
an Atari type port. Price €2 Our ref 2P261.

TELEPHONE EXTENSION LEAD. 5M phone extension lead
wilh plugon one and socket on the other. White. Price £3, Our ref 3F70 or 10
leads for only £19! Ref 19P2.

LCD DISPLAY. 4'2indigits supplied with connection data £3, Ref 3P77
or 5 for £10 Rel 10P78.

CROSS OVER NETWORK. 8 0hm 3-way for twester midrange
andwoofer. Nicely cased with connections marked. Only£2. Qurref2P255
or 10 for £15 raf 15P32.

BASE STATION MICROPHONE. Top quality uni-directional
electrel mic 800r imped itivity 16-18KHz —68db built
in chime, complete with mic stand brackat. £15, Ref 15P28.

MICROPHONE STAND. Very heavy chromed mic stand, magnetic
base. din high. £3if ordered with above mic. Qur ref 3P80,

SOLARPOWERED NI-CAD CHARGER. 4NicadAAbatlery
charger charges 4 balteries in 8 hours. Price £6. Our ref 6P3,

MAINS SOLDERING IRON. Price £3 Our ref 3P65.
SOLDERING IRON STAND. Price £3. Our ref 3P66,
C5 GEARED MOTORS.Fiease phone for Price and Availability.

CAR IONIZER KIT. improvethe airin your car, clearssmoke and helps
prevent fatique. Case req. Price £12. Our ref 12P8,

NEW FM BUG KIT. New design with PCB embedded coil 9v
operation. Priced al £5. Our ref 5P158,

NEW PANEL METERS. 50UA movementwiththree different scales
that are brought into view with alever. Price only £3. Ref 3P81,

STROBE LIGHTS, fit a standard Edison screw light fitling 240v
40/min flash rate, availabie in yellow, green, complete with socket. Price £10
each. Ref 10PB0 (stale colour reqd),

ELECTRIC SPEED CONTROL KIT. Suitable for controlling
our powerful 12v motors. Price £17. Ref 17P3 (heatsink required).

EXTENSION CABLE WiTH A DIFFERENCE. tisflaton
one side, making it easyto fixand ook tidy. 4 core, suitable for alamms, phones
etc, Our price only €5 for 50m real, Ref 5P153,

METAL PROJECT BOX. Ideal for battery charger, power supply
et’;:_.,, sprayedgrey, sizeB” x 4" x 4V»”, louvred for ventilation. Price €3, Ref
3F75.
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BATTERIES

Ni-cad, Dry Cell, Ni-cad Chargers,
Eliminators, Holders, Connections
BOOKS

General, Textbook and Basics, Radio
and TV, Data/Reference, Projects/DlY,
Measurement/Servicing, Linear
Electronics, Audio, Digital Electronics,
Computers

CABLE AND WIRE

Equipment Wire, Mains Cable, RF Cable,
Audio Cables, Ribbon Cable, Enamelled
Copper Wire, Accessories
CAPACITORS

Electrolytic, Ceramic, Foil, Variable,
Trimmers

COMPONENT PACKS
COMPUTERS

Amstrad 464/6128 Peripherals, Software,
Computer Leads, Cable
Adapters/Testers, Data Switches,

PC Cards, Microcomputing Kits/
Modules, Accessories
CONNECTORS

Audio, Servo, DC, RF, RF Adapters,
IEC Mains, 13A Mains, Low Current,
Terminal Blocks, PCB Ribbon,

IDC Edge, 0.1” Pitch Edge, IC Sockets,
Waterproof Sockets

COUNTERS AND TIMERS

LCD Modules Stopwatch
CRYSTALS

Crystals, Ceramic Resonators
FILTERS

Ceramic, Pilot Tone/and Birdie,

LC Video Block, Helical, Crystal,
Ceramic, RF Interference
HARDWARE

Equipment Cases, Aluminium Boxes,
Plastic Boxes, Mounting Accessories,
Knobs, Breadboards, Fuses,
Fuseholders, Heatsinks, DC Fans
INDUCTORS

Toko Coils, Fixed Inductors, Axial RF
Chokes, Surface Mount Inductors,
Moulded VHF Coils, Ferrite Materials,
Dust Iron Toroids

KITS AND MODULES

FM Tuner Sets, FM IF Amplifiers, Digital
Frequency Meters, TV and Video
Systems, Aerial Amplifiers, AM Systems,
HF Amplifiers, Signal Processors,

6m Systems, VHF Systems, Satellite
Systems, UHF Systems, Audio
Amplifiers, Audio Accessories, Cassette
Systems, Home and Hobby, Radio
Control Systems, RF Test Equipment,

Please supply:
] winter '90/91 Catalogue @ £1.60

D Winter '90/91 Catalogue and subscription to the

next two Issues @ £5.00
| enclose Cheque/Postal Order for

Please debit my Access/Visa card for
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Signal Generators and Detectors,
Time and Frequency Standards,
Logic Probes, Digital Meters, Power
Supplies, LCD Modules
METERS
Moving Coil
PCBs & EQUIPMENT
Prototyping Systems,
Artwork Materials
RELAYS
Coaxial, PCB
RESISTORS
Carbon Film, Presets, Rotary Pots,
Slide Pots, Multiturn Pots, Precision Pots
RIGS AND RECEIVERS
2m Systems, High Power
HF ATUs, Accessories,
Scanning Receivers
SEMICONDUCTORS
4000 Series CMOS Devices, 74HC
Series, 74LS Series TTL, Linear ICs,
Prescalers ICs, Microprocessors
Memories, Transistors, Diodes
Regulators and Power Control ICs,
Schottky Diode Balanced Mixers,
LEDs, Mounted LEDs, Infra Red LEDs,
7 Segment LED Displays, Neon and
Signal Lamps
SPEAKERS/SOUNDERS
Piezo Buzzers, Headphones,
Loudspeakers, Microphones
SWITCHES
Key, DIL, Push Button, Contact,
Code, Rotary
TEST EQUIPMENT
Oscilloscopes, Frequency Meters, Signal
Generators, AF and RF Generators,
Analogue Multimeters, Digital
Multimeters, Multimeter Accessories,
RF Power Measurement, Digital
Thermometers, Logic Probe and Pulsers,
DC Power Supplies, LCR Meters,
Oscilloscope Probes, Test Leads,
Calculators
TOOLS
Soldering Irons, Soldering accessories,
Drills and accessories, Screwdrivers,
General Tools, Static Protection,
Service Aids
TRANSFORMERS
PCB Mounting, Chassis Mounting

©® AVAILABLE FROM LARGER
NEWSAGENTS OR DIRECT FROM CIRKIT

@ £10 WORTH OF DISCOUNT VOUCHERS

©® LOW COST MULTIMETERS

© MANY NEW PRODUCTS

Cirkit Distribution Ltd
Park Lane, Broxbourne, Herts EN10 7NQ
(0992) 44411

NAME:
ADDRESS:

POST CODE
accessorvisa LI L T TTTTTTTTTTTI[]
EXPIRY DATE:

SIGNATURE: DATE:
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In this second article,
James Roberts
analyses the problem
of sound reflection

AN INTRODUCTION
TO RECORDING

STUDIO DESIGN

Acoustic Design

ontrol of reverberation is one of the
prime objectives and tasks in acoustic
design, since it primarily determines the
sound and feel of the space. If a short
sharp sound impulse is made in an
enclosed space, with the resultant reflections
measured, a whole series will be found,commencing
with simple reflections from the principle surfaces of
the space, rapidly multiplying until it is not possible
to distinguish separate reflections. At each reflection,
some energy will be absorbed by the reflecting surfaces
" so that over time, the acoustic energy will be absorbed
and the sound field dies away. The whole of this is

EARLY
REFLECTIONS REVERBERATION
A, A

AMPLITUDE

|
IMPULSE

Fig. 9 Reverberation.

[

TIME (m/sec)
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known as reverberation (see Figure 9). The precise
control of it can be broken down into the early phase
and later multiple reflections.

Eigentones

Eigentones (German for ‘Own tones)) or ‘modes’ are
fundamental resonant characteristics of space. The
distance between surfaces establishes a path time for
sound travelling between them, and the path time
establishes a frequency, There are several possible
modes — axial, where the waves fall between plane
parallel surfaces, tangential, those between two pairs
of surfaces, and oblique, which involves all three sets
of surfaces. Research has shown that the axial modes
are normally predominant since they carry the bulk
of the energy (see Figure 10).

There is no way of avoiding eigentones, so the
art of the process is to adjust the room dimensions in
such a way that they are spread as eve nly as possible,
with ne clustering to add colouration. Imagine a
cubical room, with all dimensions the same. The
eigentones will be identical for all three sets, giving the
most marked colouration (Figure 11).

Much research has been done into satisfactory
ratios of dimensions for eigentone distribution. One
set of relationships was derived by Bolt, in 1936
(Figure 12). This can be used as an initial guideline.
Some practical room dimension ratios proved to work
are 1:1.14:1.39, 1.00:1.28:1.54 and 1.00:1.60:2.33.

The eigentones can be calculated from the
following formulae:

For axial modes F_=Xx(C/(2xdistance))
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For all modes F_ = (C/2)V({x/L)2+ (y/W)?
+(z/H)?)
where C=velocity of sound 344 m/sec
F_=modal frequency
distance =length, width, hcight respectively

L=Ilength
W=width
H=height

X, Y, z, are integers 0, 1, 2, 3. etc.

AXIAL MODES — DEVELOPMENT OF HARMONICS

Ax,

14 L LEN
——— "N,
TANGENTIAL \ =
MODE N

. AXIAL HEIGHT

EIGENTONES

(b}
Fig. 10 Eigentones

The average absorption coefficient can be calculated

from a=1/S {a;S;+ ,S, +...}

where ¢ ...are individual absorption coefficients and
S,...are the individual areas.

The reverberation time was defined as the time
for the sound to die away to -60dB or one millionth
of the original level, so the standard measurement is
known as R,,,. Several people have come up with
variations and extensions of Sabine’s original work,
all of which are more or less accurate in different
situations. The topic is complex, and none of the
equations really deal satisfactorily with small rooms,
as for example many control rooms. Sabine is as good
a place to start as any.

Absorption

The basic physical measurements of a space having
been chosen with the acoustic consequences in mind,
it is then necessary to adjust the decay of the
reverberant field to suit the application of the space.
The reverberation time chosen will be totally different
for orchestral music or for speech, for example. There
has been much discussion and research over the years
as to the ideal reverberation times for different

CUBICAL ROOM

25 31 40 50 63 ]

160 200 Hz

PREFERRED RATIO

1.6-1.26-1.00

I I I T T 1 I
25 3 40 50 63 80 100 125

EIGENTONES (CUBICAL VERSUS GOOD ROOM)
Fig. 11 More Eigentones.

160 200 Hz

A particular and undesirable example of an
eigentone is the flutter echo, which is an un-damped
eigentone between two parallel plane surfaces. You
often hear this in a subway or public toilet, and you
don’t want it in your recording space. The usual cure
is to angle or damp one of the surfaces involved.
Angling walls and ceilings is a very effective stratagem,
and most Control rooms and studio exhibit an alien-
landscape lack of squareness for this reason!

One of the main difficulties of designing small
rooms is obtaining sufficient density of eigentones. It
is generally agreed (not much is) that a room requires
at least 10 modes per V3 octave for reasonable
balance, which is very difficult to achieve in small
rooms. Eigentone calculations are only really relevant
below 300Hz. Above that, they usually become so
closely spaced as not to present a problem.

The later phase

The decay of a sound field was first studied by Sabine,
at the beginning of the century. He decided that the
decay time was proportional to the volume of the
space and the absorptivity of the surfaces and
contents. The relationship derived was:
R,=0.161xV/A
where R =reverberation time at a particular

frequency

V=room volume in cubic metres

A=total absorption in room
A can be substituted by o S where

S=total surface area m?

a=average absorption coefficient
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purposes. Tastes vary between countries, in the same
way as taste for musical balances vary. Also there was
atendency some years ago to build rooms with very
short reverberation times indeed for multi-track
recording, the idea being to minimize the room
ambience recorded so as to ease the processing and
mixing of the various tracks. Fortunately this has been
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largely abandoned — I say fortunately because it
made it very difficult for the musicians to play their
instruments properly. Figure 13 shows some curves
for one set of widely accepted recommendations for
reverberation times. The methods available for control
of the reverberation are essentially absorptive. The
absorbers can be either wide band or narrow band.

Absorbers

Absorption at high and high-mid frequencies is not
difficult. Most common materials such as carpet and
curtains or hangings (and people!) are HF absorbent,
since their thickness compares with the wavelength
of the impinging sound (f=V/A). The problems arises
at LF, since about a quarter wavelength is required in

REVERBERATION TIMES (BBC AECOMMENDATIONS)
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Fig. 13 Recommended reverberation.

a passive absorber. For 100Hz that adds up to about
2m. Therefore deafened techniques are required.
such as membrane absorbers or Helmholtz
resonators. Let’s look at HF and MF first.
Some of the materials available are:
Acoustic tiles, which are the traditional tiles with
holes in them, often mistaken for pegboard.
Recent production has more interesting surface
finishes, They are a useful standby for killing high

0.8=

ABSORPTION CO-EFFICIENTS {(POROUS ABSORBERS BY THICKNESS)

0.4 ——

ABSORFTION CO-EFFICIENT

0.0

1 ] T |

|
1] ' LU ‘ 4
| A7 LA | NE—=ml
s |
¥ !E;r{(lra\ / ,/1/)!/ | |
__/:. / L L
! - ‘ ‘

Fig. 14 Porous absorbers.
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frequency reflections from plane surfaces.

Acoustic foam, which is arelatively recent arrival

on the scene. It is a very useful material, being

available in rolls or tiles. The thickness of the tiles
is such that they offer a better spectrum of
absorption than acoustic tiles. They do look
rather wamblike though, and usually are covered
by trim cloth. It is quite an expensive material.

Carpets, draperies and so on are good HF

absorbers but too thin to have much effect at mf.

They can effectively kill HF reflections.

A list of common materials and their absorbency
versus frequency is given in Table 2, while
characteristics of porous absorbers are shown in Figure
14. In this diagram you can see that adding air space
behind the absorber works just as well in terms of
increasing absorbency as adding thickness to the
absorber,

For low MF and LF absorption, membrane
absorbers are commonly used. They are often referred
to as ‘bass traps’ The essential feature of a membrane
absorber is the use of a sheet of non-resonant material
over an air space, ideally damped with Rockwool or
fibreglass wool. Roofing felt has been used very
successfully as the membrane. The formula for
frequency of absorption (non-critical to Yzoctave
either way) is:

F.,,=600/(VMD)
where M=mass of panel in kg/m?

D =depth of air space in ecm.
If the cavity is filled with absorber the frequency will
drop by up to 50% and the absorbency can be
doubled. A typical construction is shown in Figure
i7a, and the absorption characteristics can be seen
in Figure 15. An alternative approach is the Helmholtz
resonator.

A Helmbholtz resonator works on the principle of
a critically damped tuned resonator. The tuned
resonator can be understood by considering a bottle.
Blow across the neck of the bottle and it will ring at
afundamental frequency and harmonics. Since one
node of the system is fixed, maximum velocity is at
the neck of the bottle, so if you stuff some cotton wool
in the neck, energy can be effectively absorbed. The
types used in the studios don’t make use of the bottle,
but the principle is identical. Helmholtz resonators are
usually employed to absorb a specific troublesome
resonant frequency, or band of frequencies. This
particularly applied at the low frequency end of the
spectrum. A typical construction is shown in Figure
17, with the absorption characteristics in Figure 16.
I haven't given a formula, as | have never found one
that predicts the actual result!

Dispersion

Apart from control of eigentones, good dispersion of
sound where it reflects from walls is required. A flat
surface will act acoustically rather like a mirror,
sending beams of sound whizzing round the room.
Much worse, a concave surface will act as a
concentrator, focusing incident sound to a point. A
convex surface will, on the other hand, disperse any
incident sound. This can be seen in Figure 18. Apart
from convex surfaces, many other materials can be
used for dispersion, The main ones are natural stone
(for the slick look), strips of timber rough mounted (for
the sauna feeling), rough finished concrete (the car
park style) and brick (garage studios). If you wish to
avoid snide remarks, it is possible to gain good
dispersion by spreading the sound treatment you are
using around the studio, rather than keeping it in one
place, without the use of exotic materials.
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|
TABLE 2 il
ABSORPTION COEEFICIENTS for Various Materials and frequencies i
HERTZ |
MATERIAL 63 125 250 500 1K 2K 4K !
Heavy curtains 0.010 0.070 0.370 0.490 0.810 0.650 0.540 |
Foam-back carpet on concrete 0.007 0.020 0.060 0.140 0.370 0.600 0.650 : f|
Coarse Concrete 0.200 0.360 0.440 0.310 0.290 0.390 0.250 55|
Solid wood floor 0.140 0.150 0.110 0.100 0.700 0.060 0.070 Al
4 mm glass 0.380 0.350 0.250 0.180 0.120 0.070 0.040 ’
6.3 mm glass 0.360 0.350 0.250 0.180 0.120 0.070 0.040
Plaster on brick 0.010 0.013 0.015 0.020 0.030 0.040 0.050
Membrane absorber 300mmgap | 0.800 1.100 0.900 0.400 0.150 0.100 0.100
Helmholtz absorber 5% perf. 0.100 0.200 0.800 1.100 0.900 0.500 0.300 :
Porous absorber 50mm 0.200 0.300 0.750 0.930 0.950 0.950 0.960
Acoustic foam 110mm 0.150 0.280 0.800 0.980 0.800 0.980 0.980
Acoustic foam 75mm 0.050 0.120 0.250 0.600 0.950 0.800 0.950
Deep-cushioned chair (each) 0.700 0.850 1.200 2.000 1.700 1.500 1.300
One human (average) (each) 3.300 3.900 4.300 4.700 5.000 5.100 5.200
Anti-carpet s ABSORPTION CO EFFICIENTS (MEMBRANE ABSORBERS BY AIR-SPACE) !
Anti-carpet is aterm derived, 1 believe, from the BBC [ :
It expresses a simple problem. The largest flat ! | .
untreatable surface in the control room or studio is 12 i — |
likely to be the floor. It is often covered with carpet,
which absorbed well at high frequencies, but leaves /
you with problems at the bass end. One solution is to o 4 . / f
make the ceiling into a bass trap, which absorbs the g /
mid and low frequencies reflected by the floor. A Eoed i
typical design for a small control room is shown in S i
Figure 19a. This does however lead 1o an acoustic z / \\ |
asymmetry which may be unsatisfactory. E 06 | ! |
: | 1A |
Overall Design = [ ] ;" \i _ | =il
Traditionally, a sound studio has been divided ' l / \ i
essentially into two areas the control room and the | ' /{ | \ ' [ 1] . :
studio. The control room was where the control 02—+ L ! 1 i | :
equipment was installed, the studio where you could | / | \"--..____! | ' g
put the musicians, and never the twain shall meet. The 00 o‘"l | | | [1]]
recording staff would have been recognisable by their b i oh -y

white laboratory coats and test meters. This changed FREQUENCY (Hz)
in the Sixties. Most studios still do have a division into
two areas, but now it is very common for musicians
to work in the control room, particularly with the |

increasing use of electronic instruments, the studio ABSORPTION CO-EFFICIENTS (HELMHOLTZ ABSORBERS — % PERFORATION)
being used where there are problems of isolation or - 1 I
scale — for example, vocals or acoustic drums L 25%

(anyone remember acoustic drums?) ‘

Fig. 15 Membrane absorbers.

Control room

The control room is still the usual location of the
mixing console and multitrack recorders, complete
with all the effects units, patching facilities, monitor
loudspeakers and video monitors, engineers,
producer and musicians (plus friends)

The primary function of the control room is to
provide a balanced acoustic response that can be
relied on for monitoring the quality and balance of the
recording, and so that the final output will sound good |
when reproduced in its intended setting, with no
unexpected colorations. 024 Jr o e AP

|
|

0.8

064 — |

ABSORPTION CO-EFFICIENT

0.4 —

/
/
7
/’

The secondary function is to provide a good |
working environment, house all the necessary =
working equipment and personnel, look good and be oo [ | | | l L | (G '
capable of 24 hours a day usage, 365 days a year. " 10 100 1000 10000 it '
These two functions are generally in conflict. Such is FREQUENCY: [#x)

life! Fig. 16 Helmholtz absorbers.

There is an increasing tendency to remove as
much of the equipment as possitle to a separate  once the tape is threaded, being under
equipment room, made possible by the enhanced  microprocessor control. Getting them out of the way
automation of the essential items. Almost all removes alot of noise, heat dispersion and awkward
multitrack recorders can be run entirely ‘hands off  reflective acoustic surfaces from the equation.
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Fig. 17 Construction of absorbers.
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Fig. 18 Reflection of dispersion.
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Although there have been various attempts at getting
the bulk of the audio pathway into racks, with all the
signal control handled by remote interface, this has
not on the whole been taken up. Fully digital
processing of signals from microphone inputs
onwards has been possible for some time, but the
ergonomics of the process (or possibly the egos of the
people involved — ‘egonomics’?) makes it necessary
to retain a very large control surface in the control
room. This usually is an acoustic disaster area due to
the reflections and resonances and invariably leads
to compromise.

For example, there is the problem of ‘early
reflections’ (see Figure 19b). Because of the presence
of the mixing console, there is a large flat surface
providing reflections which arrive at the ear just after
the direct sound. These together with the direct path,
give rise to what is known as a ‘comb filter, the
characteristics of which are shown in Figure 20.
Movement of the listener’s head adds and subtracts
sufficient time delay to slightly shift the comb
frequency. Now this affect is very useful in those little
effects boxes called ‘phasers’ or ‘flangers), but it is not
desirable in the monitoring path, though we are
usually stuck with it. One partial solution is to adopt
what is known as ‘Near Field’ monitoring, in which the
speakers (usually miniatures) are mounted very close
to the listener, so that the ratio between direct path
and reflected path is enhanced (see Figure 19¢). There
are other advantages to Near Field monitoring as well,
not least the diminishing monitoring levels used...

Another problem is ‘mirroring’ which ruins any

ANGLED
SURFACES MEMBRANE OR
HELMHOLTZ
(S:gRFACE OR
MBINATIONS
ROCKWOOL/FIBREGLASS OF BOTH

(a} SMALL CONTROL-ROOM CEILING

DiR
Sl Pary

= LISTENING
MONITOR ::.\ = o POSITION
e
~ " EARLY
REFLECTIONS
CONSOLE
{ b ) EARLY REFLECTIONS
DIMINISHED
EARLY
 REFLECTIONS
NEAR-FIELD [TLOREST PATHZ 6 LisTeninG
MONITOR[_ ™ /7 POSITION
Yo o
CONSOLE

{ &) NEAR-FIELD MONITORING
Fig. 19 Ceilings and reflections.

stereo placement. This occurs if surface near to the
speakers are reflective (see Figure 21). One cure for
this is to make the adjacent walls very absorbent at the
relevant frequencies.

Another issue to be considered is the speaker
mounting. Sound travels at approximately 344 m/s
in air, very much faster in wood, metal, brick and so
on.If the speaker box is rigidly attached to a solid
surface, sound waves travel through the conducting
medium radiating from any suitable flat thin surface
they encounter (like the mixing console). This ‘Early
Early Sound’ arrives before the direct sound from the
speaker, causing a characteristic ‘smearing’ of the
sound.

Then there is the problem of the radiant angle
of the speakers. A point source of the sound in free
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space radiates into 4 radians {(see Figure 22). On an
infinite plane, the radiation angle halves to 2 7 radians.
This increases the effective sound preserved level and
bass coupling, but depends on the practical size of the
theoretically infinite flat surface. The angle is halved
again when corner mounted. As most studio speakers
approximate to the = radian condition when
mounted, special consideration has to be given to this
in the speaker design. This is why standard domestic
speakers, which nowadays are often designed for
stand mounting and loading into something like 2 7
radians are usually not suitable for studio use, despite
their often superior quality.

All of this has been taken into account in addition
to the already-discussed acoustic problems,
philosophy of design, physical placement and
accommodation of personnel.

LEDE

LEDE stands for Live End - Dead End, and is a
principle of design largely evolved some ten years ago
by a company called Syn-Aud-Con in America,
whose registered trade mark is duly acknowledged.
[tis an attempt to solve some of the problems we have
uncovered. There are seven basic principles to LEDE
design as follows.

@ There is a non-resonant asymmetrical low-
frequency outer shell, large enough to
allow LF to be developed.

® There is a symmetrical inner shell.

® The path between the speakers and the
engineers ear should be anechoic.

® The sound field should be highly diffused
during the initial Haas effect period.

The speakers, console etc should not affect
the anechoic path from the speakers to the
ear.

@® No Early early sound.

® The reflective rear wall should provide a
smooth high density sound field.

Atypical LEDE construction is shown in Figure
23. It has had its adherents, and also its detractors.
The theory followed exactly can give rise to very good

IMAGE SOURCE (1)

td .
IMAGE SOURCE (2} 4 _\jé/
1
S —

\
=

MIRRORING

Fig. 21 Mirroring.

rooms, but in practise there is such a lot of junk around
and the practical difficulties of building sufficiently
absorbent surfaces at one end and sufficiently
dispersive at the other usually leads to partial success.

Brave attempts

One or two studios have tried something quite
different. This is partly derived from the observation
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that almost all work is done in the control room
nowadays, and partly in an effort to break down the
communication and role barriers between the
musicians in the studio and the producer and engineer
in the control room. It's simple — have one room only,
with the recording and monitoring being done in the
same space. This is just how most engineers and
musicians start off, anyway, and it certainly could have
its advantages. At other times the lack of a separate
monitoring space could be arealpainin the . . . ear!

Studio

With a sigh of relief we can turn to studios. They are
usually a bit easier to design. What we want is a nice
balanced acoustic, ideally with some ‘brighter’ more
reflective areas for brass and string players, pianos,
and drums, and some ‘dead’ non-reflective areas for
vocals and guitars. This given a decent size space, is
not too difficult to arrange. The usual general
principles of non paralle] walls and an anti-carpet
ceiling are adopted, with some of the walls being
dispersive reflective finishes across which curtains can
be drawn. Often the floor will be in wood, with the
carpet removable in sections for increased brightness.
Some studios provide separate ‘vocal * and ‘drum’
booths, so as to reduce spillage from and to other

COMB FILTER CHARACTERISTICS

A Wy

AMPLITUDE

FREQUENCY

Fig. 20 Comb Filter.

instruments whilst recording simultaneously, but it is
more common now to just use screens. These are
often arranged with a reflective and non-reflective
side, so they can give a locally brighter acoustic or
increase separation between instruments. While
studios often present interesting design problems,
especially in the smaller sizes, there are no new
principles to consider.

FREESPACE
[\
4n
RADIANS POINT SOURCE
2n RADIANS
RADIANT ANGLE
Fig. 22 Radiant Angles.

1 RADIANS

How important is all this,
anyway?
It is important to maintain a sense of perspective.
Because recording studios are technically
sophisticated and impressive places, and often visually
overwhelming, it is easy to take it all over-seriously.
A recording studio serves a similar role to a
sewing machine — in goes the raw material (cloth or
musical compositions), it is assembled according to
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aplan (designer or producer), by an expert (machinist
or desk engineer) and out comes the final product
which may have monetary or aesthetic value or both.
If neither, it was probably a waste of time. The skills
of the individuals concerned and the quality of the raw
material limit the final output more than the
: i idiosyncrasies of the room or equipment. And
- .l remember, Tamla Motown music depended for its
il = ~ | character on being recorded in an acoustically horrific

4

\_ CONSOLE ,
/

\I.
IR

LISTENING
POSITION

Akai optical disc recorder.

DISPERSION SURFACES

hall, while world-wide hit records have been recorded
ST RIRETRICAL in front rooms barges and gentlemen’s toilets.

DisPERSIvG INNER SHELL
Sources, reference and further
reading:
ASSYMMETRIC OUTER SHELL Sound Recording Practise, ed. John Borwick: QUP
Fig. 23 LEDE principals. ghe lTechnique of the Sound Studio, Alec Nisbett:
ocal.
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ast month, the article featured details of the
Record/Playback amplifier and the
Bias/Erase oscillator board.
This month we look at the
adjustments, measurements, construction
and testing. A full components list appears at the end
of this article.

MONITORING

The signals to the stereo headphone amplifiers [C5,
Left and Right, are fed from a DPDT switch which
switches between a Mono Cue and Stereo Remix
sources. Cue feed is a mix of the signals across the
four channel faders which monitors the channels in
both record and playback, before the faders are
opened. Stereo Remix feed is taken from across the
Left and Right line-outputs. The headphone
amplifiers have a gain set by (1+R42/R40) and
(1+R43/R41) for the left and right channels
respectively.

The output resistors R38, R39 are 470R and are
suitable for 8R headphones, but they can be reduced
in-value if higher impedance headphones are used.

*A33
4R7
TO CASS.|
AAAA _'[+ MOTOR
040 ==
POWER SUPPLY CIRCUIT Z200u I
CASSETTE Tl = T s —
SWITCH
R30
/‘ 4R7
y AN -
l+ cag L‘
bd ZZQOUII
BATTERIES | A31
8x V5 I 4R7
LlE ATAVAYS L
) I cag 1t
| 200u
W
|
P = Bl > OV
CASSETTE ”l I
2.5mm £ i
SOCKET REUIRCE _
* NOTE: R33, C40 should be mounted on the
cassette motor in order to reduce noise
originating frorn the pulsating current
demand from the DC motor.
Fig. 5 Power Supply circuit

Adjustments and Measurements

@ Playback

a) Azimuth: Using a test-tape or a commercially pre-
recorded cassette, the record /playback head azimuth
screw is adjusted for maximum high frequency output
as measured on the VU meters or by listening.

b) The VU meters can be adjusted initially to the mid-
point of their range for a pre-recorded cassette.

® Record ‘

The adjustments in the record mode are to set:
a) Bias levels,

b) Bias traps,

¢) Bias oscillator dummy loads,

d) VU meter presets.

a) Bias level is a compromise for optimum recording

to obtain the maximum output level, least harmonic
distortion and modulation noise and the best high
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frequency response. In general, for cassette recorders,
the best compromise is achieved by setting the bias
to give maximum output at 330Hz and the reduction
at higher frequencies is compensated for by modifica-
tions to the record re-emphasis curve.

Relative Bias levels can be measured by including
a low value resistor in series with the record head. This
could be 10R.

The optimum bias level can vary for different

cassette tapes and so once adjusted the same tape
type should be used. For Sony HF 90 tape the opti-
mum bias level was between 35Vp-p for tracks 1 and
4 ; 40Vp-p for tracks 2 and 3.
b) Bias traps are required in each of the playback
channels to reduce the bias crosstalk breaking through
via the record/playback head, from adjacent channels
which are in the record mode. In Channel 1 the bias
trap is the series combination of L1 and C2, and at
the output of the playback preamplifier the combina-
tion of L2, R19, C25 and C26 further reduce the bias
breakthrough.

Tom Scarff builds a

four channel recordin

System

FAROM MASTER
STEREOQ H/P
VOLUME CONTROL

Fig. 6 Stereo Headphone Amplifier

TO STERED
H{P JACHK
SOCKET
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PAN CONTROLS Measurements

Exact measurements can be taken if a sinewave
generator and oscilloscope are available, however the
HH b H +HH presets can be adjusted using the internal VU meters
as follows:
{'a ) CHANNEL FADERS, ® Adjust bias for maximum output at 330Hz
H/P CUE & PAN WIRING B;: (approximately the note E4 that is the E below middle
C) using a synthesiser playing a basic sinewave type
ov X
/ sound like a flute sound.

G ﬁ] ® Adjust bias traps in adjacent channels for minimum

sleuT output on VU meter. So with channel 1 in record
B mode adjust the bias trap in Channel 2 in playback
mode and so on for all four channels.

® Adjust the ‘dummy’ load for minimum break-

through in adjacent channels. With Channel 3 in
record mode and while Channel 2 is switched
@_ between record and playback set up the ‘dummy’ load
1] [T]
I

on Channel 1 to maintain the same minimum break-
through which will occur when the bias frequency and
level is the same both on and off-load. The ‘dummy’
load in Channel 2 can be set up in a similar manner.

Operation

Itis possible to record individual instruments or voices

3 3
1

el 1] el i) onto individual tracks and to record up to 10 tracks
ST . on the four track cassette without re-recording any

FADER

track more than once. (See Figure 13)
Also anumber of sources can be mixed together

Fig. 7 Interwiring of channel faders and pan controls

c) Bias oscillator dummy loads are required to main-
tain a constant load and thus a constant output level
from the bias oscillator.

The dummy load is a variable inductor L3 and
series preset resistor RV3 used to match the parallel
combination of the erase head and AC coupled record
head.

The inductor is adjusted first to obtain the same
frequency between channel heads and dummy loads.
Then the series resistor is adjusted to get the correct
level.
¢) The VU meters can be finally adjusted to set the
level recorded onto tape for a given harmonic
distortion.

et

-t
e
«—1 STEREO
— HIP OUTPUT

SOCKET

£l =

———

MASTER
HiP

VOLUME
CONTROL
CUE/REMIX

SWITCH 5
l.-

Erase oscillator, PSU and headphone amp board.

5
=1 via an external mixer and recorded onto a single track.
It is possible for the four tracks can be mixed-down
21%“;';.5“ and recorded in stereo onto another machine allowing
LanR you to keep the original tracks.
Itis also possible to insert a piece, or over-record
P to correct a mistake, using the remote punch in/out
jack record socket.

(b} MASTER FADER & H/P VOLUME CONTROL

Fig. 8 Wiring of master fader, Headphone control,
meter and record switching
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EXTERNAL

12V DC
-1 P
BATTERY |~
12v +
cao
R33 J
-/P_(:/‘\ss
CASS ON/OFF
MOTOR SWITCH
TO s
PCB2 -t
c3s
c39 Dsm
TO atta oV
PCB1 R30 +12V \
|

Fig. 9 Internal power supply wiring

{ c ) INTERNAL POWER SUPPLY WIRING

PARTS LIST
RESISTORS (all '4\W Metal film)
R16,9 10k
R2 220
R3 430k
R4 18k
R5 330
R7 100
R8 Tk
R10,23,27,28 47k
R1112,14 100k
R13 15k
R15,16 ™
R17 3M3
R18 680k
R19 470
R20 4R7
R21 15k
R22 2k7
R24 560
R25,26 bk6
4 off of the above are required for 4 channefs
R29,32,35 100k
R30,31,33,34 4R7
R36,37 47k
R38,39 470
R40,41 2k
R42,4344,45 100k
RV1 47k HorizPreset 4off
RV2 22k HorizPreset 4off
RV3 4k 7 Horiz Preset 4 off
Rv4 10k Slider Log Single gang  4off -
RVS 50kRotaryLog 4off -
RVE 50k RotaryLin 4 off
RV7 10k SliderLogDualgang -
RV8 100k Rotary log Duiabgang: ~
CAPACITORS "
C1,8,9,10,12,14, : '
15,16,18,2124  1100v
c2 470p Ceramic
£3n13 10u/35V
C4,22 InCeramic
s 68
Cé 22016V
€119 100u/25V =i
ci7 10n High Voltage Ceramic (500DC}
c20 [ S s e
C23 3n3Ceramic =~ -
€25,26 AN i

WOODWORK
| 212
|- e
| ‘ 5|26 |a—
1z
R s —
75 A FRONT PANEL
(1 OFF)
350
i8 BACK PANEL
] {1 OFF)
95 &1 | |24 -
¥ 81

SIDE PANELS
(2 OFF)

OVERALL DIMENSIONS USING 17MM THICK WOOD

BASE = 384 x 286 x 4mm THICK PLYWOOQOD
NOTE ALL DIMENSIONS IN mm

Fig. 10 Constructional details of woodwork

4 off of the above for 4 channels

€27 o 100/25V -
€282934" = twioov -
£30,31,32 1100V 4off
33,3637 ‘82pCeramic
€35 22ui16V
€388 2200u/35V
C40 2200u/25V
C41.42 22u/63V
C43.44 47163V
C4546 w100V

47 1004/25V
SEMICONDUCTORS

iC1 T LM1B18 4off
IC234 41

IC5 LM377
01234 INADOT 4 off
056,78 INA14E 4 off
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AL e T S N
o
T |_ 1 METALWORK: 4 THACK CASSETTE
] | ALL DIMENSIONS IN mm

T — .

&
&
& & o s
o

48 E
€D+ 0" ®
g I ? o &
: I H]
g 2
J *J-‘— 3 —! 3 i R
6, + 4, s & [ g
iy ‘ I <1
F*FEL—— Bﬂ—ﬂ—-b- = 138 51—25—_-:

[
Fig. 11 Construction details of metalwork

F E <7
gf%$@@@@@@
}@ QOB deooe |
S o | s
: e i

Fig. 12 Back panel drilling details

Trk 4 A’+B’+C’+D A'+B+C'+D
1. First 3 tracks are recorded. 2. These tracks are mixed and 3. New parts are recorded onto

recorded with a new part onto  tracks 1 and 2.
track 4.

FEL

H J
H'+1 H'+1
E'+F'+G E'+F'+G E'+F'+G E'+F'+G
A+B'+C'+D A'+B'+C'+D A'+B'+C'+D A'+B'+C’+D
4. Tracks E+F are 5. A New part is 6.Track 1istransferred 7. This leaves track 1
recorded onto track 3 recorded onto track 1. to track 2 with another clear where the 10th
with another part. part. and final part is re-

Fig. 13 Arrangement for ten-track recording gorled,
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Rear of 4-channel recorder

MISCELLANEQUS

Bias/Erase Oscillator Toko 724 BOR 1078N
113 Toko B7BNS 135BX Boff
L2 10mH choke 4 off

VU Metertype V41 4off

Refays 12V Miniature DPDT 4 off
LEDsStandardred 4 off
SW1,2,3,48ub-Mintoggle DPCO. 4 off
‘SW5 Sub-Mintogale 5PCO

Microswitch for Record On/0ff
Cassette 2.5mm switched power socket
Cassette 2.5mm Power plug
“Phonochassis sockets 4 off

% inch Jack socketsmono 11 off

Y inch Jack sockets stergo
Cassette deck with 12V motor
Record/Playback Head Type HQ551
Erase Head Teac

= 3
) 4
- =]
59 @
N °
o S )
: e 3 f—106mm-—
s £8 o 3 _T_ Azimuth
o Qv—‘—i 2 E‘ adjustmen
i & - % E justmant
z Jasémm _] : S || 2 I screw
= . ,

"~ Washer

Pillar Spring
Fig. 14 Dimensions for cassette Record/Replay

heads

BUYLINES

Most components are standard and available fram Maplin. The
four-track cassette heads are available from Hart Electronic Kits
Ltd,, 4 Penylan Mill, Oswestry, Shropshire, SY10 BAF. However itis
alsopossible to obtain tham as “replacement” heads from some of

the Portastudio manufacturers,

’f \ HART kits give you the

opportunity to build the very best
engineered hifisquipmentthereis, designed
by the leaders in their field, using the best
components that are available.

With a HART kit you not only get more performance for your money
but also the added free bonus of your own hands-on experience of
modern electronic assembly. The HART combination of innovative
circuittechnigues, sound engineering design and professional grade
camponents is your recipe for success in the quest for affordable
ultimate audio fidelity.

Telephone or write for your FREE LISTS giving full details of all our
Kits, components and special offers. Featured this month is the:—

AUDIO DESIGN 80 WATT POWER AMPLIFIER

This fantastic John Linsley Hood designed amplifier is the flagship
olourrange, andtheideal powerhousefor your ultimate hifi system.
This kitis yourwayto get 2K performance for a fawtenths ofthe cost!

Featured on the front cover of ‘Electronics Teday International’ this
complete stereo power amplifer offers World Class perfiormance allied
to the famous HART quality and ease of construction. John Linsley
Hood's comments on sesing a completa unit were enthusiastic:—

“The external view is that of a thoroughly professional piece of audio
gear, neat elegant and functional. This impression is greatly
reinforced by the internal appearance, which is redolent of quality,
both in components and in layout.”

Each power amplifier channel has its own advanced double sided
PGB and no less than four power mosfets, directly mounted on the
beard for consistent predictable perlurmanca The sophisticated
power supply features not less than six separate voltage rails, ait ully
strabilised, and the complete unit, using a torcidal transformer, is
contained within a heavy gauge aluminium chassis/heatsink fitted
with IEC mains input and output sockets. Tomake assembly very easy
all the wiring is even pre-terminated, ready for instant use!

The standard amplifer comes with the option of a stereo LED power
meter and a versatile passive front end giving switched inputs, and
using ALPS precision, low-naise, volume and balance controls. All
Inputs are taken to gold plated Phono sockets and outputs to heavy
duty 30 amp binding posts. These are also available gold plated as
an optional extra.

Another new option isthe ralay switched frontend stage which even
gives a fape input and output facility. This means that for use with
tuners, tape and CO piayers, or Indeed any other flat’ inputs the power
amplifier may be usad on its own, without the need for any external

signal handling suﬂss,ﬁgr your special sislsm requirements o
‘Slave’ and ‘manobilog! versions without thig peasnelﬁpu! stageand.

power meter are alscyifiable.
All amplifiers fit within our standard 420 x 260 x ?Smm gasefo match
our400 Series Tuner ranga, The gasagnd front plata arefinishadin
textured matt black with whnelsﬁennggndd’l

punched for accuracy. %

K1100 STANDARD Amplifier Kit. Total cost of aiﬁ)arts |s&§ |56
SPECIAL DISCOUNT PRICE ONLY ..
It Bargraph Power Meter not required .
If Relay Input System required
K1100G Option with Gold plated speaker terminals ...

.Deducﬁ‘. 281
.. Add £39:
- Add£4.40

K1100S SLAVE Amplitler Kit. Total cost of all parts iS....0 sm 85

SPECIAL DISCOUNT PRICE ONLY .. £325.42

K1100M MONOBLOC Amplifierkit. Total cost of all pans is £297.65
SPECIAL DISCOUNT PRICE ONLY .. .. £253.00

All HART Kits are designed to the very highest standards for easy
home construction, and can be built by anyone with reasonable
manual ability. If you are still not convincad how easy it is to build it
yourselfwitha HART kit you can order the Instruction Manual toread
for yourself and we will refund the cost when you buy your kit!

1100CM Construction Manual. 20+ pages of step by step assembly
instructions, circuit diagrams and full parts identification list £5.50

RLH11 Reprintsof the latest 1989 arlicles ...................... .£1.80

Our FREE LIST has further details of this kit as well as our range of
super quality tuners, ALPS precision pots and tape recorder circuits.

gare DlB:ISﬂl‘ﬂbﬂ"-

HART AUDIO KITS — YOUR VALUE FOR MONEY RUTE 10 UTIMT HI-Fi

HIGH QUALITY REPLACEMENT CASSETTE HEADS

Do your tapes lack treble? Aworn head could be the problem. Fitting
one oi our replacement heads could restore performance to better
than new! Standard inductances and mounting make fitting easy on
nearly all machines and our TC1 Test Cassette helps you set the
@zimuth spot on, As we are the actual importers you get prime parts

. atlgwerpr|ces, compare our prices with olher suppliers and seel All

ourheats e suitable for usewith any Dolby systemand are normally
availalile a4 &tock. We also stock a wide range of special heads for
home conslrucﬂon and indusirial users
HE16 Sendust AllpySteren Head. High quality head with excellent
irequancy response and hyperbiolic face for good Ispﬁlohead contact
- . E17B6
HC4IJ NEW muae High Elala Pem\allav Siamc Head Modern
space save deskonior easy fitingand low cost. Suitable for chrome

| 'metal and ferric 1apes, nily Suniversal replacement head from hi-fi
.£6.60

decks!0 Gar players and atBafntredibie pricetoo! ...
HX100 Spacial Offer Steret Pefmalloy Head ... ......... £2.85
HRP3ID atin Monitor Stereg Combi nHeed £4439
Has51 4 -TRACK Record &Play Pem\alloy Head for auto-reverse
oy players or quadrophonic recording ... ; ... £16.79
TAPE RECORDER CARE PAODUCTS:

HART TC1 TEST CASSETTE::Ou

mous. friple purpose test

cassefte. Sets lape azimuth, VU levéland tap spaad ., E5.36
DEM1 MainsF d Tape Head D isf ts noise
on playback due to residual head maaneﬂsar ...£4.08

DEM115 El ic, C Type, d ....£8.61
Qurnew AUTUMN/WINTER '90 Listis FREE. Send for your copy now.
Overseas customers welcome, please send 2 IRCs to cover surface
post, or 5 for Airmail

We now accept inland and oveseas orders by post or telephone on
all Access/Mastercharge and Visa credit cards

Please add part cost of carriage and insurance as follows:
INLAND: Orders up to £20 — £1;

Orders over £20 — £2 50; Next day — £9
OVERSEAS: Please see the ordering
information with our lists

»)
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QUALITY AUDIOKITS |

Send for your copy.
24hr SALES LINE
(0691) 652894

| ALL PRICES INCLUDE VAT ‘




AUDIO TIPS

High Quality Headphone Amplifier

+25V
NOTE:
Q1,3 BCY70
Q2 BC107
Q4,5 BFYS51
with heat sinks

LIRCUITS

This circuit is capable of high performance using low
cost, readily available components. The class A
amplifier is designed to drive efficient, high impedance
headphones of 150R and above, although it will drive
8R headphones with reduced performance,

Feedback is applied by R1,2 and gain with the
specified componentsis 11. For maximum output the
input sensitivity is 0dB. Q3,4 and C4 form a gyrator
circuit and present a high impedenice to AC signals.
This gives the circuit a high open-loop gain. Quiescent
current is set by R9 {approximately 60mA).

Performance is good with distortion and noise
measured on Radford test kit at less than 0.01% for
maximum output. Noise is less than —80dB
unweighted. Power bandwidth is less than 10Hz to
over 50kHz. Slew rate is greater than 5V/us.

Active Audio Filter

he main drawback of passive IF filters is their
Tinsertion loss when using inductors, necessitating
the use of a two or three stage high-gain preamp to
compensate for this loss. With an active audio filter
the insertion loss can be low, non-existent or even
provide gain. In this FET filter there is virtually no

insertion loss. When this filter is incorporated in a
receiver and switched in, there is an apparent
improvement in the signal-to-noise ratio and read-
ability of signals. High and low frequency heteradynes
and audio chatter outside the filter passband are quite
noticeably attenuated, making listening pleasant,

st

+18v
+ -
|+
10u
25V NOTE:
f;; Q1,2 MPF102/6
; — Q1 10k 100k
OSEL S 105 nb VAAA AANN— )2
FROM 1Yy
MIXER L 560k kg En? SWib
| I G 5
il I g % r%#JUDTlo
| 560k - 33k iy o
f = 33k -|-4?0p <
a7n e Y
e o e - - e amies - — P — - — - o i o e — ol
] [ 2
mJn oy
®
1mpie soun Lo ]
1—“—0*‘9\#

Effects

This circuit will generate 24 different sound effects
including two-tone sirens, rising tones, seagulls etc.
It operates from a 9V battery and uses only one
CMOS IC. Most of the components are not critical.
but the speaker must have an impedance 64-100R.
Note that the negative supply from the battery does
not go to the negative supply pin on the IC, which
must be the buffered version of the 4001.

Altering the 33n capacitor or 100k resistor
changes the basic frequency, and the 2M0 pot adjusts
the speed of the rise and fall of the tones. A PP6
battery was used to drive the circuit and has been in
regular operation for six months without replacement.

4 Ic
J_nu %'— 4001BE jl_MA

181
R
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Stereo Balance Meter

] 0 +Va
15V
| )
k0
| S 10k 3 GREENILED
g —r— =
LA AR > 100k
100k .‘
10u  ING14 | 1k0
Lo—{ AN J RED BALANCED
Tk ] '~ LED2
e o A
10u 1Ng14 KO Sl I
ANy < 100k 1ko
10k
[ L Sl GREEN LED3
s wren Yogen ™ oy %
. et ! =
e i NOTE gy
Hasanies 1€1.2.3 741

alance on a stereo amplifier is usually set by ear.

but this of course can be very difficult to judge. If
an amplifier has a balance meter at all, it is usually of
the centre-zero moving coil type — bulky. old-
fashioned looking and expensive. This circuit is
designed to overcome all of these problems

The outputs from each channel are fed to the two
inputs of IC1, this being connected as a differential
amplifier. If the left and right channels are of equal
levels, the output of [C1 will have its output at about
halfway between the supply rails. if the left channel
gets above the level of the right channel, the output
of IC1 will approach the OV rail. If the right channel
is loudest, the output becomes positive.

IC2 and 3 are also differential amplifiers, but in
this case they are driven by the output of IC1. LEDs
form a display at the outputs of the two ICs. Pin 2 of
ICs 2 and 3 each go to a preset across the supply. In
practice, the preset in conjunction with IC2 is set to

hold pin 2 slightly above OV and the preset connected
to IC3 is set to hold pin 2 just below supply voltage.
These settings, however, must be set by trial and error
so that the circuit works accurately.

The output of IC1 is connected to the non-
inverting inputs of IC2 and 3. If the output of IC1
approaches the supply rail, the outputs of ICs 2 and
3 will also go high, thus illuminating LED 3. This
would happen if the right channel were dominating.
If the left channel were dominant, the outputs of ICs
2 and 3 would be low, thus illuminating LED 1. If the
two channels were equal in amplitude, the outputs of
ICs 2 and 3 would be high and low respectively,
lighting up LED 2.

The circuit can easily be added on to a ready
constructed unit without using up large amounts of
panel space, or used as an add-on unit for a high-fi
system. The unit draws about 20mA, so battery
operation is practical.

CRICAL WD

AND BETTER

ELECTROMICS

90’s
BIGGER Decade

COMPONENT
CATALOGUE

® ONE OF THE LARGEST RANGES OF COMPONENTS IN THE UK

® FAST AND EFFICIENT SAME DAY PERSONAL SERVICE

——————ny

® VERY COMPETITIVE PRICES; QUANTITY DISCOUNTS AVAILABLE CRICKLEWOOD ELECTRONICS

@ DISCOUNT VOUCHERS INCLUDED COMPONENTS CATALOGUE

& N O R PLERASE SREND .tivorsssimsiss COPIES OF THE

FILL IN THE COUPON AND POST IT WITH YOUR CHEQUE, PO ETC CRICKELWOOD ELECTRONICB CA TALOGUER AT

FOR £1.50 TO RECEIVE YOUR CRICKLEWOOD ELECTRONICS £L.50TO:

CATALOGUE NEAVEE oo msensensissse sonsiess sy siiesmmbssmsessososs
o I B S I e e e e

Cricklewood Electronics Ltd
40 CRICKLEWOOD BROADWAY, LONDON, NW2 BET | st
Tel: 081-450 0995/452 0161

Fax: 081-208 1441 Telex: 914977
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Dom Banham
develops his remote
control from last
month to operate
electrical appliances
within a room

his project follows on from last month’s
Infra-lock article. In this I mentioned the
fact that most rerote control links work on
much the same principle, so one basic
system can have a large number of
possible applications. The present project uses the
same basic system for simple on /off remote control.
Up to 16 receivers can be used, each having a different
address. The receiver is a compact unit which
connects between the mains and the controlled
device. Unlike last month's Infra-Lock project, security
is not necessary so the receiver can be housed in its
own separate box if desired. A power relay is used as
the switching element, which allows trouble-free
control of large loads (up to 2kW) such as heaters. |
will also describe an alternative switching system
which enables the system to be used with such things
as power-operated doors and home or stage curtains.
Some extra switches will need to be added to the
transmitter (see photo).

Construction

Allthe circuitry is contained on the single small PCB,
the construction of which is straightforward if a fine-

tipped soldering iron is used. Do not forget the single
wire link near IC1. In the prototype, the mains
connections were soldered direct to the PCB, as was
the photodiode. The latter must obviously be able to
receive radiation from the transmitter, so it is
positioned behind a piece of clear plastic sheet — the
red filter from an LED display would also do the job
nicely. The PCB should, in the interest of electrical
safety, be secured to the bottom of the plastic case with
nylon nuts and countersunk screws. If this procedure
is followed the whole assembly is effectively double
insulated and an earth cannection is only needed if
required by the load, which is connected via a terminal
block attached to the inside of the casing.

Alignment of the unit should be carried out using
. a 15V power supply connected to the supply rails of
the circuit and NOT using the mains!!! With the aid of
an oscilloscope and a x10 probe, the period of the
oscillator in IC2 (as measured at pin 1) should be
adjusted by means of RV1 until it is equal to 1/40 of
the ‘0’ interval of the transmitter (see last month’s article
for further details of the timing). The desired address
is set up on SW1-4: SW1 is the LSD and SW4 the
MSD. By pressing the corresponding switch on the
transmitter and then the ‘on’ or ‘off position when the
circuit is first switched on, If not, switch off and check
your construction and timing alignment. There is
really not much to go wrong with this circuit! If and
when you have success, the unit can be connected
up to the load and is ready for use.

HOW IT WORKS

The receiver circuit, as shown in Fig. 1, Is fairly simple. The circuitry
around IC1is the infra-1ed receiver. Pulses of current passing through
D1 asaresult of incident infra-red radiation are amplified by IC1a. The
network R4-R6-C2 rolls off the gain at low frequencies to prevent
interference from mains lighting and reduce the effects of varying
amibient fight level. The output of IC1a s in the form of negative-going
pulses which are fed to the non inverting input of IC1h; and also to
its inverting. input through the R6-R7-C3 network. Normally the
potential divider action of RE and R7 keeps the inverting input at &
slightly lower level than the non-inverting input, but due to the
decoupling effect of C3, sharp-edged negative going pulses from IC1a
will reverse this situation and produce negative-going pulses at about
10V at the autput of IC1h. These plilses are inverted and level-shifted
by 0 andfed to1C2, the decoder circuit, This IC is wired to operate
inits addressed mode, whereby any code received which hes its MSB
[bit E} reset is treated as an address, The IC will only tespond to the

Fig. 1 Receiver circuit diagram,

ca
Tulk
QLASS X
}1—’—{ LIVE
D3
-Lca ggﬁ
g ///} §_1Un
A1
68k g e l” ol [ =
0 W+ &©
o3 =
N LOAD
-0
: ca LIVE
= Cc2
e €2 NOTE:
T IC1 = TLO62/NE5532
= €0 16 IC2 = ML924
—osc B prt - Q1 = BC557
o RVT < 5 < D1 Q2 = BC547
i 100k O > D1 = BPW41/TILI00/SFHZ05
66 7T 15 D2,3 = 1N4148
L ZD1 = 16V 1W3
| +C5 C6 |+ |+C7
R15 = 4u7 100u —— == 1000u LOAD
a7k T 16V 16VT T 16V l'_oHEruRN
' : ~O NEUTRAL

A11-14
ALL 100k
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address set by SW1-4. Once addressed, received codes which have
their MSB set will be treated as data and latched on outputs A-D. In
this circuit only output A is used, set and reset by the codes 10001
and 10000 respectively. These codes are sent when the ‘on’ and ‘off’
switches on the transmitter are operated. Output A of IC2 drives the
relay RLA1 via Q2. The relay coil current is limited by R18 to keep it
within the capabilities of the reactive power supply, while C6 provides
a switch-on 'kick’ to ensure that the relay pulls in smartly. The power
supply is formed by C7, D3, ZD1, and C8. R19 serves to discharge
C8when the unit is unplugged. R20 acts as aninrush current limiter
and fusel!). For this reason it should be left as the type specified.

L M
LIMIT
SWITCHES
= =
e
OPEN/CLOSE | | T DRIVE MOTOR
SWITCH 5 o (SPLIT-PHASE
OR RELAY MOTOR INDUCTICN)
CAPACITOR

Fig. 2 Power operated door or curtain wiring.

132'11

14 15
=13 |l§3f=—
FROM IC2 MR MR
PIN 18 IC3a 1G3b
(o TR L3
5| a I [s}
8 |6 10
4Tk
18k
LAAAN

FROM IC2 PIN 11 CHOOSE RC NETWORKS TO GIVE
o DESIRED ‘ON’ TIME FOR RELAYS — T = RC/2 ;
e NOTE:  +
> IC3 = 4098BE
/ Q2,3 = BC547C
/ ‘ RLA1,2 = 12V >330R

‘)RLM ) ALA2

5 h

Fig. 3 Modification to receiver circuit for dual relay operation.

PARTS LIST

all J4W carbon unless specmed)
RSl
™
2%
560R
100k
47k
15k
100k SIL res»stor pack
10k z
270R
M Yaw.
3R hw
100k enclosed subsmin: cermet honzontal
oL preset
1ail polvester un ess spemfled]
1000

‘IN4148
16V w3
BCE57
BC547
TLOB2 or NEBS32
ML924

MISCELLANEOUS
RLA1 12V 330R coil, 8A 250V N.O, contact
SWi4 4 way DIP switch

2 Case, PCB, wire etc.
LIVE NEUTRAL
‘
ko] - 01 J l
‘ ca
"““l e — 2 I
: ’ . ’
N IE=
u {[o4] e
) s e RLAT °
et §
5| | ~C1=g |- Bl
o
Fig. 4 Component overlay for receiver.
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BUYLINES

Most of the parts for this project are standard and should not cause
problems, The ML924 was obtainied from Watford Electronics (phone
0923 37774}, The relay can be obtained from Maplin as order code
HY20W or from RS/Electromail as 344-467.

Conclusion

As mentioned earlier, this receiver can be modified
to control curtains or automatic doors. These are
usually wired as in Figure 2. As it stands the relay in
the receiver has changeover contacts which could be
used to replace the open/close switch. However, this
means that in one state or the other the relay has to
remain energised. Whilst this is little disadvantage with
doors, which usually remain open for only a short
time, with curtains the relay would have to remain
energised for hours or days, and bizzare behaviour
could result if the power was momentarily interrupted.
To solve this problem the circuit in Figure 3 is
suggested. Here an extra relay is added, and thus
when not actually moving, both relays can be de-
energised. The on/off commands generate a rising
or falling edge on output A of IC2, and this will trigger
one or other of the monostables and its associated
relay for just long enough for the mechanism to reach
the end of its travel. The connections to the
mechanism are shown in Figure 3 but no PCB layout
is given as the dimensions of suitable relays can be
m quite variable, and the remaining cirucitry can easily

be built on a small piece of veroboard.

eeess CC FORCE

Wilmslow Audio's NEW range of
speaker kits from Peerless.

This new range of four kits utilise

CC technology drive units

for optimum performance.

The kit contains all the cabinet

components (accurately Courers:
machined from smooth MDF des ST on,

A i )
for easy assembly). ROMENT %sr@ihaﬂ-aa@fs-m?“ ork @)
: 1015, s ms
Pllcturec:I here thedFor%e 6, Pﬁ;ﬁnmﬂigﬁasm “;:C:"Smp S\?‘%wmu:ﬂoﬁ‘

a large floor standing design. e, ' ! (R
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imensions: Telel e
800 x 275 x 335 mm igeo &1 5 Eﬁmwioﬁzﬁcmf“‘ of Aud
Response: omea E:; P £ M0 HUE T oy g ele
32 HZ - 20 KHZ Computer " (SAE - pusteeds =
AMP Suitability: 30-120w COLOURCHING CoBqueTE o speatele®
Impedence: 8 ohms Can L) fers

- Two Car Parks 1:;;:.\0““0“ SH prad E;:::OTW
Prica carr./ins. NICATIONS Wrhe O 2
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Force 4 £179 £13pr.

Force& £199 £15pr.
Force 8 £245 £15pr.

All' kits are available in Plus and
Basic forms.

. 404 EDGWARE ROAD
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EXCLUSIVE READERS OFFER

PORTASOL PROFESSIONAL PLUS FREE SUPER “OCTOPUS”

only £39.95 incl p.&p.

The Portasol Professional
is a completely portable
gas operated heat tool
providing the professional
with a four-in-one
precision instrument. The
unit is adjustable from
|0-60 watts and runs for
up to an hour on a single
fill from standard lighter
refills.

Each Portasol Professional comes complete
with four interchangable tips.

[) The Soldering Iron is the ideal static free
tool for all soldering needs.

2) The Blow Torch operates at a
temperature in excess of |300C which
makes it the perfect heat tool for heavy

soldering jobs, brazing or silver soldering.

3) The Hot Blow is ideal for shrink tubing

and is adjustable up to a temperature of
500C.

4) The Hot Knife cuts and cauterises
synthetic materials and is suitable for
cutting and shaping plastics, ropes and is
adjustable up to a temperature of 450C.

The Soldering and Hot Knife tips
use a unique gauze protected
catalytic material to give safe,
flameless combustion. New and
improved exhaust port design
makes for increased heat transfer
efficiency.

Don't delay - send now! For your Portasol
Professional plus FREE *QOctopus”

Complete and send your form to: Argus
Specialist Publications, Reader Offer, Argus
House, Boundary Way, Hemel Hempstead,
Herts. HP2 7ST. Or telephone your order
stating Access/Barclaycard number on
0442 - 66551. Quoting ROMC/ 1.

— . — — g — — — — — — o — — — — o — — o o m — n o — — — — — — — —

ROMC/I

(M.R.P. £49.95)

Fully Portaiile

Gas 5(71(}:-}:'411§'; lecirs
Blow To-ch

Hot Blow

Hot Knife

FREE

FREE OCTOPUS
WITH EVERY ORDER
RRP £5.95

The extra hands
you're always
needing.

The Octopus has been
designed to give the
professional or hobbyist a
fine, stable working base

that won't slip or wobble under pressure. The base block
can be fixed in moments with its own simple C-clamp and
it features a padded base to protect table surfaces from
marking. Use the Octopus for crafts and model-making,
holding delicate parts under the magnifier for fine
paintwork or tricky assembly jobs, allowing both hands
free for intricate soldering and finishing.

Pleasesupply,‘ Portasol Professional + Free Octopus! at £39.95 incl. p.&p.

Or charge my ACCESS/BARCLAYCARD
e Account No: ... (b e AT B avniis
: TN g Ty B AR S B g BTG S i
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SPECIAL OFFER
ON LARGE
ELECTROLYTICS B

High ripple ALT20A cans by
B}?C at ?ess than a quarter
distributor prices!

Z4344 4,700uF 63V
Z4345 10,000uF 40V
Z4346 15,000uF 25V

£2.00
£2,00
£2.50

+ Vat):
00+ 1.30 1k+.65
100+ 1.80 lk+.75

th Prices
Z4344
Z4345/6

SPECIAL OFFER n
ON SWITCH MODE PSU &

Astec Model AAI12531.
115/230V 50{60Hz input.
Size 160 x 104 x 45mm.
Panel partially enclosed

in steel case. Outputs:
5V« BA; 12V« 130mA.
RR12531 £6.95

100+ 3.50+var
1k + 2.80+var

SPECIAL OFFER |
ON RAM MODULES »

|

Dynamic RAM module by NEC
type MC41256A8A-12. These
SIP’s are on panels 79 x 17ram
and have B8x41256's giving
256k of memory. Similar
to RS638-403. Their price
£107.00.

£30.00

Z1818

e

SPECIAL OFFER |
ON RESISTORS =

Huge parcel of resistors -
mostly bandoliered in boxes of
1000, 2000 or 4000 or on reels
of 5000. In order to get a good
selection, you need to buy a
lot! RefKS29.

25,000
100.000
250,000
1,000,000

£25

£74 + VAT
£170 + VAT
£500 + VAT

SPECIAL OFFER '
ON TANT BEADS »

Top quality tantalum
bead capacitors by AUX,
bandoliered.

2.2yF 25V 5mm pitch 10/ £1
100+ .04 +var
1k + .025+var

SPECIAL OFFER ]
ON SWITCH MODE PSU »

Astec 65 watt model BM41012
115/230V 50/60Hz input via
suppressed, switched and
fused IEC inlet. Fully
enclosed in steel
175 x 135 x 65mm.

on socket:
+12V 1.5A4,

-12V 0.4A

£14.95
100+ £11.00+ VAT
1k+ £8.00+ VAT

BM41012
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1991 CATALOGUE

YOU GET A GREAT DEAL MORE WHEN

YOU DEALWITH GREENWELD!!
The 1991 Greenweld Catalogue, published on
October 1st is the best yet!
* MANY SUBSTANTIAL REDUCTIONS
* QUANTITY PRICING FOR BULK BUYERS
% 132 PAGES OF VALUE-PACKED GOODS
% NEXT SIX UPDATES PLUS LISTS INCLUDED IN PRICE
# EASY TO USE ORDER FORM
% 1ST CLASS REPLY PAID ENVELOPE
* OUR FAMOUS BARGAIN LIST

Price to include Catalogue, current bargain list and
next six lists. All supplied with reply paid envelope
£2.50 (UK & BFPO) £5.00 Overseas

All prices include VAT, P&P £2.00per order. Min Credit Card £5 No
CWO min._ Official Orders from Education welcome & min invoice
charge £10.00

Payment is acceplad by cheque, postal order, cash inc. foreign cur-
rency bank notes/book tokens/Access/Visa/Connect

Our stores have enormous stocks of components and our trade
counter is open from 9-5.30 from Mon-Sat, Come and see us!

PLEASE NUTE QUR NEW ADDRESS, PHONE & FAX NUM-
BERS: Tel: (0703) 236363 (4 lines) Fax: (0703) 236307 EMail:
MAG 36026 Telex: 9312131093 (GWG)

27A PARK ROAD, SOUTHAMPTON, 01 378. EN 2=

R
GREENWELD

SPECIAL OFFER I
ON 40V 2K TRANSISTORS »

SPECIAL OFFER '
ON 25A RECTIFIERSws

TO92 case by TI. Distributor
price on 100 + is .21.
100+ 1k+ 10k +
TIPP3INPN .07 .04 .03
TIPP32PNP .07 .04 .03
(Qty prices exclude VAT)

Pack of 4of each type £1.00

Tag ended 200V bridge
rectifiers by IR normally
costing £4 each.

Our low prices:
26MB20A 25A 200V £1.50

100+ 0.75+var
Tk+ 0.55+var

SPECIAL OFFER
ON LOGIC CHIPS =

SPECIAL OFFER '
ON 5A REGULATORS«s

. These high current
Any mix of LS00, S04, devices normally sell for
HCO0S, LS32, LS138, LS175, around £10 each.
HC423, HCB41, HCS564, )
HC4017, 4040, 4050, 4093. Our low prices:
LAS1905 5V £3.00
LAS1912 12V £3.00

100+ .10 1k+ .03 10k+ .03
prices exclude VAT

100+ 2.00+var
1k+ 1.50+var

SPECIAL OFFER 1) SPECIAL OFFER L]
ON VOLTAGE ON SOUND GENERATORS
REGULATOR &
Popular AY-3-8910 sound
TO3 Variable voltage generator chip by GI
regulator, 1.2-37V at selling normally for
1.85. about £5.
Our low prices:
LM31TK £1.50 AY-3.8810 £2.00
100+ £0.75+var 100+ 1.30+var
1k + £0.50+var 1k + 0.80+vaT

SPECIAL OFFER | SPECIAL OFFER |

ON Z80R CPUs =

ON TRIACs [

TO220 case 8A 200V
triacs by TI. Distributor
price 70p each.

This popular 4MHz CPU
by Zilag normally cost
£2 each.

Our low prices:
TIC226B

Our low prices:

Z80AR 4MHz CPU 15p
100+ 0.35+var

1k+ 0.25+var

4 for £1.00
100+ 0.15+var
1k+ 0.10+var

, S R

SPECIAL OFFER
ON DARLINGTON
TRANSISTORS |

40V 80W 12A withhp,
of 750 (@ BAl!

1+ 100+ 1k+
BDW93 40p .20 .15
BDW94 40p .20 .15

(Qty prices exclude VAT)

rSl'»'ECIIlL OFFER '
ON 14 WATT HI-F1 AMPus
5 lead TO220 package by

STC normally retailing at
over £2.00!!

1+ 100+
TDA2030 £1.00 .50
(Oty price excludes VAT)

rSPECIKL OFFER |
ON MAGNETS =

High quality ceramic

magnets in 2 sizes at a

very special price:

Z1889 20mm dia x Smm thick
10/ £1.60

100+ 0.09+vAaT lk+ 0.06+VAT

Z189026 x 11 x 9mm 10/ £2.00
100+ 0.12+VAT lk+ 0.08+ VAT

\

rSPECIAL OFFER |
ON 2k x 8 SRAM’sws

Low power version of
this popular RAM by
Hitachi, normally about
£2.50 each.

Our low prices:
HMG6116LP-4 £1.00
100+ 0.60+var
Tk + 0.40+var

f SPECIAL OFFER | l

ON LCD MODULE &

Dot Graphics LCD module b
Hitachi, type LM200 Z40><68
dot, display areal32x 39mm.
Supplied with data - original
cost £100.

Z4335 Hitachi Module  £30.00
(These can be driven by the
HD6183 controller which has
built in character generator

etc. £20.00)
f SPECIAL OFFER )

ONDC-DC CONVERTERS =

Heayberd PC mounting
51 x Blmm. 48V DC input.
List price £50+.

Z1893 5V 1A output £2.00
Z1894 12V 420mA output £2.00
100+ .80+ VAT

lk+ .50+VAT

Please note these are ex-equip

but fully operational.
Q
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REPAIRING
OSCILLOSCOPES

fyou go to a lot of amateur radio rallies of junk
sales you might have noticed that there are a
lot of old scopes about. By old | mean more
than twenty years or so. There might be a little
note tacked on the top saying something like
‘Timebase faulty, and the whole thing might look quite
tatty and dirty. This may not look very promising but
many people fail to realize that often there is very little
wrong with the equipment, at least nothing that can't
be put right with a few hours attention. It is most likely
that the equipment will use valve technology and
many people know little about circuits that use those
glowing glass tubes. This article aims to give a few
words of advice to anyone who happens to see a
’scope for sale and fancies their chances at getting it
working.

You will need a DMM or an accurate analogue
multimeter with a maximum operating voltage of at
least 1000V. Another scope can also come in handy
if you can borrow one. If you have a manual or circuit
diagram then you can increase your chances of
success by about 5000%.

For the purposes of this article | have assumed
that you know about the principles behind the opera-
tion of CROYs, if you don't then there’s no way you'll
be able to repair one.

Itis most likely that the equipment you get hold
of will use valves. Bear in mind at all times that these
circuits operate at supply voltages generally in excess
of 250V. These voltage are potentially fatal and you
should observe a few safety precautions when work-
ing on them. Firstly, never touch an assembly or board
when itis switched on. These are not TTL circuits and
you will almost certainly get bitten. Secondly, always
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make sure that any capacitors in the circuitry that you
are working on are discharged after you switch off but
before you touch the circuit, they can hold their
voltage for a long time. Lastly, always use your meter
correctly. It is almost impossible to blow up a meter
whilst working on low voltage circuits but it is
extremely easy to blow up one when working on high
voltage equipment.

Always treat a live circuit with the same respect
that you would a live mains circuit.

What To Look For When Buying
A Scope

The worst single thing that can happen to a 'scope is
for the CRT to fail. Don’t buy equipment that has an
obvious problem in this department. Quite often the
tube has been taken out but you can use the rest as
spares. Sometimes a CRT appears with a large ion
burn on it’s face. Again, this is extremely undesirable.

Sometimes there is a note on the thing stating
that there is a problem in a particular part of the
circuitry. Occasionally these are inaccurate and the
person who wrote the note simply drew the wrong
conclusions from the symptoms. Always try to get a
manual or a circuit diagram with it. This will save you
a lot of time and trouble later.

You might come across a scope that has two
brilliance and focus controls. This sort of equipment
uses a tube that has two electron guns to produce two
traces. These tend to be more trouble than they're
worth despite their novelty value.

Sometimes a scope will have been stored in a
garage or outhouse of some description. The equip-
ment will probably have been exposed to the damp
so most of the capacitors will need replacing. Avoid
this.

Look at the mains cable at the plug end. Is the
insulation in poor repair? If so then the equipment has
probably not been plugged in for a long time. There

Simon Russell takes

us through the jungle
of buying an old ’scope
and bringing it to life.

TRIGGER TIMEBASE . I e
CIRCUITS GENERATOR o xawp | |_
CRT SUPPLY
AND BIAS
INT | —
Y AMP —t
EXT
EXT TRIGGER [N X0UTQ OXiN YIN
R PSU
Fig. 1 Oscilloscope block diagram. A

might well be a calibration sticker on the equipment
that is usually a pretty good indication of when it was
last in service.

Initial Tests

So, you've got the scope home and on the bench and
are about to plug it in for the first time. First of all you
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should have a quick peek inside, just to see that
everything is there and in place. Just for interest, check
the date on the capacitors, this will give the approxi-
mate year of manufacture. For instance, JUN 65
means June 1965 or ‘5732’ which means week 32
of 1957. Check for components that are blackened
and crispy, this is a dead giveaway that something
serious is wrong. Assuming that everything looks
okay, if a bit dusty, you should measure the resistance
between case and Live of the mains input lead. With
the instrument switched on there should be an infinite
reading on the ohmmeter. This is not a conclusive test
but should show if a fatal condition could exist.

+350V

() TRIODE
+ 350V
SUPPRESSOR +170V
GRID
ov b
+100V
- = 1000

Fig. 2a Typical valve biasing techniques.

(¢} PENTODE

HEPAIH

Before you do that it's always a good idea to
check the input voltage setting. You will probably have
no idea where the equipment has come from and it
may be set up for American mains at 120V. Putting
240V in could be a costly but easily avoidable mistake.
Having made sure allis well you can apply power. This
is a rather tense moment as the thing could explode

in your face. your most useful sense is that of hearing,
you will hear something go wrong before you see it
or smell it. I usually work with a radio playing in the
background but would never plug in a piece of kit for
the first time without being able to hear exactly what's
going on.

Let's assume that there is no immediate sheet of
flame and that your house is not plunged into com-
plete darkness (don’t laugh — it happens). Your next
task is to find out what the 'scope can't do. A typical
symptom might be on trace on the CRT, or a spot but
no horizontal trace, or inability to focus, or no vertical
deflection or a combination of these. Before you

DIRECTLY HEATED

INDIRECTLY HEATED
ENVELOPE

P W )

TWO TYPES
OF DIODES

Fig. 2b Basic valve construction.

/ VALVE ENVELOPE
S =
¢ \
| | ANODE
| CROSS-
| SECTION
VIEW
|
|
|
|
| /
LY
7\\
VALVE BASE|
S CATHODE
pe ™~ A (ANODE PIN)
hh
GAID  faTeR N C (CATHODE PIN)
PIN
PINS
BASIC TRIODE CONSTRUCTION

This is an opportune moment to remind the
reader to take all necessary safety precautions. The
testing of any piece of electronic equipment is
potentially dangerous, and the older the equipment
the more this is so. Anybody working on this sort of
thing should never become complacent about the
hazards involved. Always, when making a measure-
ment on a live circuit, put your free hand in a pocket
or behind your vack. Never lean on a earthed chassis
whilst working ‘live’. Oscilloscopes are particularly
dangerous as all CRTs require high voltages that,
although not always fatal, are extremely unpleasant
to experience at first hand. For obvious reasons it is
extremely unwise to wear metal watchstraps, identity
bracelets etc whilst working on live circuits.

Now I've made my point it's time to plug in the
'scope.

decide where to start looking you must be aware of
all the symptoms. If no trace is visible then turn the
brilliance control fully clockwise, the trigger control to
‘AUTO’ and play with the X any Y shift controls for
a few minutes. If nothing appears then that’s as far as
you can go until you get that sorted out.

Assuming that something appears on the face of
the CRT, check that it can have it’s brilliance altered
and that it can be focused to give a sharp display. Next
check that a horizontal trace can be produced in all
positions of the timebase ‘SPEED’ switch. Check that
the X and Y shift controls do their thing. With a finger
on the Y input, check that vertical deflection occurs
with the Y ‘SENSITIVITY’ switch fully clockwise. You
should get something that approximates to sinewave
at mains frequency. If the timebase appears to be
present then try to get a stable display by manipulating
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the trigger controls. If there is a calibration output then
check that this is present. The foregoing is a basic
functional test and should show up any major
problems.

The art of a good trouble she oter lies in his (or
her) ability to tell where, approximately, the fault might
lie by simply observing the symptoms. Refer to the
block diagram of 2 'scope (Figure 1). If the operation
of oscilloscopes is well understood then the reader
should have no trouble determining where to look.
If, on the other hand, you are not familiar with the idea
of flyback suppression, synchronisation, and deflec-
tion techniques, then these notes might be of some
use.

No trace or spot on the CRT indicates a problem
in the CRT supply and biasing circuits. Inability to
focus or poor brilliance are also indicative of a problem
here.

No horizontal trace or an offset trace means a
fault in the timebase and/or X deflection amplifier. No
vertical deflection means that something is wrong in
the Y amplifier. Inability to trigger or no calibration
signal are self explanatory in their location.

The foregoing is by no means an exhaustive list
of faults that you may encounter but, by using similar
logic it should be possible to pin them down to a
general area.

Having decided where to start looking you will
now need to fault find at component level. If you have
no experience of valve technology then you might find
‘A crash course in valves useful.

A Crash Course In Valves

If you have never had to work on valve equipment
and only heard about valves you might be forgiven
for thinking that they are extremely unreliable and
dangerous to use. This is only partially true. There are
an almost infinite variety of valves, many types are still
in production because semi-conductors cannot do the
job. I will confine my description to the type of low
power receiving valves normally found in instruments
and that have now been totally replaced by semi-
conductors. All valves rely on movement of electrons
within a vacuum. This is why valves are always
encased in glass or metal. If you look at a glass cased
valve you will notice arather beautiful silvery mirrored
effect. This is the result of an incomplete chemical
reaction that was started the day the valve was made.
The practical up-shot of this is that if any gas enters
the valve, due to a crack or a broken seal, the silvering
starts to turn white as the reaction completes. Thus
a ‘gassy, and hence useless, valve is indicated by a
white deposit within it. Just like tyres, valves can have
a slow leak and the change in the silvering could take
several days. There are four main types, diodes,
triodes, tetrodes and pentodes. The first and simplest
of these is the diode (see Figure 2b). The original
diode had two electrodes (hence di-ode). The
cathode consisted of fine wire, similar to an
incandescent lamp. The anode was simply a plate of
metal. When the cathode was heated, electrons could
leave it and would be attracted towards the anode if
it was positive with respect to the cathode. By this
means a current could flow from anode to cathode
(remember conventional current flow). If the anode
was negative then any electrons that left the cathode
would be repelled from the anode and no current
would flow. As you can see, a valve diode behaves
in a very similar way to a semiconductor diode, the
main difference being that a valve diode may drop
several volts in it's forward mode, whereas a semi-
conductor diode will only drop 0.6-1V. Most diode
valves have a slightly different electrode arrangement.
Instead of the cathode being a single wire, it is a small
cylinder coated with oxide. This, itself, does not
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produce heat but the centre is packed with a heating
element. This gives improved performance and valve
life. The two types of cathode are known as directly
and indirectly heated respectively (Figure 2b). The
anode is almost always of a tubular construction
(though the Americans persisted to call it a ‘plate’ for
decades after it stopped being so).

A triode is very similar in construction to a diode
except that the cathode is surrounded by a spiral of
wire called a ‘grid. Electrons that travel from the
cathode to the anode must pass through the grid. As
this grid is much closer to the cathode than it is to the
anode, it can have much greater control over anode
current than the anode can itself. If the grid is at the
same potential as the cathode then current will pass
unhindered to the anode. If the grid is taken negative
of the cathode then electrons will be repelled from the
grid and return to the cathode, never reaching the
anode. The more negative the grid, the less anode
current flows until the valve is completely cut off. The
grid is never taken positive of the cathode so no grid
current passes. By this means a small signal on the
grid will cause a larger signal to appear on the anode
if a suitable anode resistance is supplied. The change
in anode current for a given change in grid voltage is

MAINS IN

W1
EZ41

«370v

+ 300V

O =250V

470 J-
i |

¢ 1T gi lr pyllr
16u T Bul T 32y T
) oV
c,, s

vz
EY51
OR

SELENIUM RECTIFIER
Fig. 3a Power supply found in older units.

Yy =300V

called the mutual conductance and is measured in
mA/V. Some readers may have spotted a similarity
in behaviour between the triode valve and the
n-channel JUGFET. This is a perfectly good com-
parison as they behave in almost exactly the same
way. Despite this, the triode was replaced by NPN and
PNP bipolar transistors.

A development of the triode was the tetrode. This
has a second grid, called a screen grid, between the
control grid and the anode. This is at a similar or
slightly lower voltage than the anode. It purpose is to
reduce the Miller capacitance between the control grid
and anode. This means that much higher gains can
be achieved without the valve oscillating. An unfor-
tunate side effect of this is the introduction of a ‘kink’
in the transfer curve of the valve called the negative
resistance region. This can give rise to distortion. To
combat this a further grid was added between the
screen grid and the anode called the suppressor grid.
This was always kept at cathode potential or simply
earthed. This device was called a pentode. The
symbols for all these valves are shown along with
typical biasing arrangements in Figure 2a. If you think
that these look similar to transistor biasing circuits
you'd be right, except that these circuits were around
long before transistors were invented.

A few points are common to all these valves.
Firstly, the cathode must always be hot for the valve
to work (=1000°C). This should be evident by a
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bright yellow glow in the centre of the valve. If this does
not occur then the heater may be open circuit (a
common fault). Secondly, valves are extremely
tolerant to overloads and over voltages (except heater
voltages which should always be within 5% of their
stated value). Unlike semiconductors which blow
instantly, valves will stand instantaneous overloads of
many times before finally expiring,

Another advantage of valves is their ease of
replacement. If a transistor blows you generally have
to desolder it, valves simply fit into sockets.

The final, and most important, point is one of
safety. If you have bothered to read this section then
you have probably never worked on valve equipment.
Most valve circuits work in positive supply lines of
about +350 volts. If you are used to +12V supplies
you might be in the habit of poking around the circuit
whilst it is switched on. If you should continue this
practice when working on high voltage stuff you will
not stay breathing long. Valve equipment requires a
healthy respect and you should never feel completely
happy about making measurements on a live circuit,
though you will always need to. Ifind it helpful to keep

in this article (unless otherwise stated), should not be
taken as gospel and are for illustration purposes.
Figure 3a shows a classic un-regulated linear
power supply. Mains is applied to the primary of T1
by the usual means of fuses and switches {not shown
for clarity). V1 is a double anode diode and works in
exactly the same way as a normal diode except that
there are two anodes. This full wave rectified DC is
smoothed by C1, C2, C3, R1 and R2. A further
tapping on T1 is half wave rectified by V2 to provide
a high negative voltage that is smoothed by C4. In
later ‘scopes V2 was replaced by selenium rectifiers.
These behave in a similar way to diodes except that
the can carry an almost infinite instantaneous current.
If any of the positive supplies are missing then V1
could be faulty, any of the resistors could be open
circuit or even the primary or secondary of T1 could
be open. If any of the supplies appears to be low then
there could one or two causes. A large amount of
ripple on the supply lines will appear to be a reduced
voltage so you must first check the ripple content with
either another scope or the AC range of your volt-
meter in series with a 0.1uF/400V capacitor. If the

UNREGULATED DC FROM
CIRCUIT SIMILAR TO 3.1

R2
100k

V3
VR150

Fig. 3b A regulated HT supply.

in mind the fact that only 100mA flowing across ones
chest will easily kill. There is also nothing more
disconcerting than realizing that the black and crispy
object hanging from the light fitting used to be a
colleague.

Power Supply Faults

If, upon switching on, absolutely nothing happens
then you may have a fault in the power supplies. If
you have a circuit diagram then there will be obvious
supply lines. Check the voltages on these lines using
your meter. As a general rule they should be within
5-10% of their nominal value. If you have no diagram
then measure the voltage on the collectors of a few
transistors or the anodes of a few valves. There will
almost always be voltage test points marked in obvious
places, these should be checked. If all supplies appear
to be present and up to strength then you may have
a fault in the CRT supply/biasing circuits. Assuming
that one or more of the supplies appears so be low
or missing you must find out why. A few typical PSU
circuits are shown in Figure 3. If your ’scope is of the
early valve type then Figure 3a will be of the same
type. If yours is of the more up-market valve type then
the supplies will be electronically controlled, (Figure
3b).

If the scope is of the transistor variety then Figure
3c might be similar to it. These circuits, like all others

ripple is more than a few volts peak to peak then you
might have a leaky or open circuit capacitor (a very
common fault). The rectifier valve may have gone low
emission, the only cure for which is a new valve. If all
looks okay so far then measure the AC coming out
of the transformer. If this is low then it is likely that it
has a few shorted turns due to dampness or just
breakdown of insulation, a new transformer is needed.

The negative supply follows similar rules except
that where a selenium rectifier is used this might well
be faulty. What ever you do with a selenium rectifier,
after twenty years or so, they go high resistance. If your
supply lines are low this will almost certainly be
contributing to the problem. The only remedy is
replacement. Do not try and replace with another
selenium device as this will probably have similar
defects. You must use a high voltage silicon diode
(IN40Q7, BY126 and 127 etc) in series with a suitable
resistor. The resistor is very important. Selenium
rectifiers, even when new, had a very high forward
resistance. The circuit designer will have taken this into
account when the circuit was originally produced. The
only way to determine the value of this resistor is by
trial and error. Start off with 10k and check the supply
line voltage. If this is too low then reduce the resis-
tance, if too high then increase it. | normally find a few
k adequate. Do not be tempted to leave out the resistor
even though the circuit appears to work perfectly well.
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You will be putting a big strain on the smoothing
capacitors and they will eventually explode!

If all the components seem okay but your supply
lines are still low then its likely that something is
drawing too much current. Thisis a extremely difficult
fault to find as almost everything draws current from
the supply. The only way to find this is to isolate each
bit of circuitry in turn until the supply returns to full
strength.

The circuit of Figure 3b uses negative feedback
to provide a stabilised supply. All the preceding
comments about unregulated supplies apply equally
well here, there are also some extra points to consider
V3 is used to provide a stable reference voltage
(usually about 150V). V3 is a gas filled device, similar
to a neon, that will drop a constant voltage. This sort
of thing was often known as a stabiliser tube and was
used in any application that we might use a zener
diode or diac in nowadays. This reference is compared
to a potted down version of the output voltage by V2.
a double triode connected as a long tailed pair. The
error signal is used to drive the grid of the main pass
triode. Note the use of R1. This is to reduce dissipation
in V1 and thus allow a smaller valve to be used. If any
of this feedback circuitry stops working then an
incorrect output voltage will be produced. Note that
R4 allows adjustment of this voltage. An interesting
and misleading fault can appear if a similar con-
figuration to R1 is used. You might find that the output
voltage is unusually high. This could well be due to
insufficient current being drawn from the circuit. This
sort of configuration relies on current being drawn
through R1 to pull the output voltage down below the
desired value, at which point V1 starts conducting and
the voltage will rise. If insufficient current is being
drawn then V1 will be completely cut off and output
voltage will be totally dependant on the reduced

current drawn through R1. This can be a real red
herring

Figure 3c is the sort of PSU that might be found
in older solid state equipment. It’s really nothing more
than a discrete voltage regulator, the sort of thing you
ought to be familiar with. Newer scopes use IC regu-
Jators such as the 78 and 79 series, in which case you
should have no trouble at all. It’s possible (though

R2
10k

UNREGULATED R3 REGULATED
INPUT 47k DUTPUT
A4
10k
C O

NOTE: HT FOR THE TUBE IS NORMALLY GENERATED BY AN INVERTER
Fig. 3c Solid state discrete regulator.

extremely unlikely) that you might come across a unit
that has a switch mode PSU in it. In this case you really
need the help of someone with experience of these
as they can be a real pain.

Once more, a word about safety. Regulaled high
voltage supplies are just as dangerous as mains, they
can easily deliver the current that is required to kill and
will happily do so if given half a chance. Bear in mind
that the capacitors in such a circuit (or any that
operates off of high voltages) will retain their charge
after switching off. It's always a good idea to have a
flying lead connected to the chassis to touch on each
capacitor after switching off but before putting your
hands inside.

C.A.D. SOFTWARE MADE FASY

ISIS SUPERSKETCH

PCB Il

ISIS SUPERSKETCH is a purpose designed program
for drawing circuit diagrams. Our Graphical User
Interface and Intelligent Diagram Editor combine to
leave all other budget packages far behind in this
application. For example, you can draw a wire from
pin to pin in just 4 mouse operations: point at first
pin, click, point at second pin, click. The wire
autorouter does the rest.

Auto wire routing.

Auto dot placement.

Auto name generator.

Powerful editing facilities.

Object orlented 2D drawing

with symbol library.

Comprehensive device

libraries available.

o Cutput to dot matrix, pen
plotiers, lasers, POSTSCRIPT.

o Exportto DTP packages in

IMG or DXF formats.

coogoo

=

S o— ! o )m

PCB 1I is a new state of the art manual PCB layout
package sharing the same Graphical User Inlerface as
ISIS SUPERSKETCH. It also features Topological
Route Editing which is easy to learn and yet stunningly
powerful... our demo disk will reveal all!

For a limited period only, we are offering ISIS
SUPERSKETCH (Extended library) and PCB 1l fo- just

o

Topological Route Eanor
Unlimited user configurable pad,
track and vla styles.

Full surface mount support.

2 copper + 2 sllk layers.

1 thou resolution.

30x30 inch max board size.
Object oriented 2D drawing for
silk screen graphics.

o Drivers for dot matrix, pen
plotters, lasers, POSTSCRIPT,
gerber, etc. etc..

o

ooooo

PRICES

abcenter

E/ e ctronics

SUPERSKETCH (Basic Library) ....... £69
SUPERSKETCH (Extended Library). £99
2C B[S —" £69

SUPERSKETCH (Ext Lib)+PCB Il .....£149
OTHER S/W & H/W...

Call for demo disks
today - 0274 542868. |

calLL 74 Marriners Drive, Bradford. BDI 4/T
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PCB FOIL
PATTERNS

The Infra Switch foil

EASY-PC, SCHEMATIC and PCB CAD

NEW VERSION!
LASER PRINTER SUPPORT!

@ Runs on:-
PC/XT/AT/386
CGA EGA VGA.

@ Design:-
Single sided,
Double sided and
Multilayer boards.

e Provides Surface
Mount support.

e Standard output in-
cludes Dot Matrix
printer, Laser
Printer Pen Plotter,
Photo-plotter and
N.C. Drill.

BRITISH

BESIGN

AWARD
1989

=g
T i

Fast Professional Quality Output at an Affordable Price

Write, 'Phone or Fax for full details:-

Number One Systems Ltd.

X  see us at Desktop CAD stand 4

REF:ETI, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND.
Telephone: 0480 61778 (6 lines) Fax: 0480 494042

ACCESS, AMEX, MASTERCARD, VISA Welcome.
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TELEPHONE
ORDERS
may be made on
S l :’R ‘ 7 l C l E' ACCESS or VISA
Price Price T
code (inc.
E9011-1 The Autocue (2 boards, 1 doublesided) ............... N VAT)
E9011-2 Infra-lock transmitter (2 boards) ......................... K C £1.80
E9011-3 Infra-lockreceiver ...........c.coeoeeaeuiriirnernarieennes H D £2.50
E9011-4 Four-track cassette recorder (record/playback E Eigg
onechannel) .........coviiriiieiieiiiiiinann. F :
! Seensess s G £4.7
E9011-5 Four-track cassette recorder (Bias/erase H £5 5(5)
oscillatorboard ... K J £6.62
E9012-1 InfraSwitch ... F K £7.20
PCBs for the remaining projects are available from the companies listed in Buylines. Il;‘l fj'ggg
Use the form or a photocopy for your order. Please fill out all parts of the form. Make sure you use the board reference numbers. This N £13.10
notor}n]ly identifies the board but also tells you when the project was published. The firsttwo numbers are the year, the nexttwo are the o) £15.80
mont! ’
Terms are strictly payment with order. We cannotaccept official orders but we can supply a proforma invoice ifrequired. Such orders P £17.90
will not be processed until payment is received.
Q £21.80
E8912-1 Mains Failure Alarm ...........oooooiiieiinns D  E9010-1 Component Tester .......cocooivorioeiiiiinein E 2 g%ggg
E8912-2 St'xrveilance PCB .o D E9010-2 Active Contact Pickup ......coocooovronioroo E T 5 9
E8912-3 Shde/TapeSynch e i E9010-3 R4X Lougwave BANBEIRGY st < ains st Ko £ 900
E8912-4 Pedal Power _..i.ocooooiiiiiiiiiiiiiens L ’ e ; U £32.20
g : E9011-1 The Autocue (2 boards, 1 double sided) ... N
E8912-5 Digital Noise Generator ........................ K E . Vv £35.80 |
e E9011-2 Infra-lock transmitter {2 boards) .............. K
E9001-1 20 metre Recelver .............cooviiniinnn J : w £37.90
E9001-2 Wauzmaker FG .......................... L E9011-3 lnfra-lockreceiuer o AN 1 ST S S P S R AR H x £40 70
E9001-3 Motoreycle INtereom «..oovveeeveericeoreinn. F E9011-4 Four-i;ack cassette recorder (record/playback . '
E9001-4 Low Voltage Alarm ............cccoooiiienenn. C one channeél)| avasamimammnimiiimsaessl F
E9002-1 EPROM Emulator ...........cc.cooviiiiiinn. N E9011-5 Four-track cassette recorder (Bias/erase oscillator
E9002-2 Superscope Mother Board M boatdll.viiins it e s R A e K
E9002-3 Superscope CRT Driver Board ............... K
j— — — — ‘\
E9002-4 Superscope Timebase Board .................. K | '_‘_‘_"""___"__"_____—/(g——l
E9003-1 Superscope Y1 input board ....................d .
E9003-2 Superscope Y2 input board ... ... d | TO: ETI PCB SERVICE, READERS’ SERVICES, |
E9003-3 Superscope switch generator ................. E | ARGUS HOUSE, BOUNDARY WAY, !
E9003-4 Business power amp board .................... [
E9003-5 Business power supply board ... ............. d i HEMEL HEMPSTEAD HP2 7ST l
E9003-6 Business pre-amplifier board .................. L | Please supply: |
E9003-7 Water hole ... G Quantity Ref. no. Price Code Price Total Price
EQ003-8 Super SIten .........;iviivciveseerecasenioaensn D l |
E9003-9 Valsbadge .............cco..one o aal Fioaas o |
E9004-1 Bass Amplifier DC Protection ................. F | |
E9004-2 Bass Amplifier Graphic Equaliser ............. L | |
E9004-3 Bass Amplifier Micro .............coooiiieiiiis N
E9004-4 Quad Power SUPPIY «.evveesvevrremonrrern: o | |
E9005-1 Business Display .............oian (0] I l
E9005-2 Phone Lock and Logger ..............ccocovvnen F
E9006-1 Dark Room THmer ...................coooi G | Post and packing ok |
E9006-2 Telephone Extension Bell ...................... C I |
E9006-3 Telephone External Bell ........................ D | Total enclosed £ |
E9006-4 Fecko BOX .. .ovviieiiiiniiiieieiiiaieeiieiines G |
E9006-5 Bug Spotter ..o - E | Please send my PCBs to: (BLOCK CAPITALS PLEASE) |
E9007-1 Guitar Practice AmMp ...........coocoeeiiiieninns G,
E9007-2 Digital Frequency Meter ........................ M | Name .. . o 1J2er & |
B 00 N E e e T s scacon: e e, BNl SR b B - RS SR SR |
E9007-4 Transistor Tester ..........ic...ocoiieoieiieiinn, C : AddressiiaF SERISTS] e
EO007-5 Decision Maker ..o TR Lyl e e e O i R I
E9008-1 AC Millivoltmeter _..........ocvevvireeieiceennns B F e ot s cmcan0eocdntooadonaaat '
E9008-2 Temperature Controller ...............c.co.oce NI i i T R e T o e e L i
ES008-3 FM Generator .........coioioveierrnseecs L | ...................... Postcode l
E9009-2 Slide Projector Controller ...........c.......... E I """"""""""" |
E9009-2 Ultimate Diode Tester ...............cc....co.... D CHEQUES SHOULD BE MADE PAYABLE TO ASP Ltd |
E9009-3 The Entertainer ..........cccooocoeiiomniieioinns T T e

ETI DECEMBER 1990




ELECTRONICS

TODAY INTERNATIONAL

Kelli Taplin
0442 66551 Ext 326

Send your requirements to:

ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead HP2 7ST.

Lineage: 55p
Semi Display:

r word (+ VAT) (minimum 15 words)
(minimum 2 cms)

£14.00 per s ngle column centimetre (+ VAT)
Electromart £22.00 per insertion (+ 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),

FOR SALE

10MByte Winchestars, used, 3 monlhs Wi
5.25" Disk Drives, 80 Tk, DSDD . £34.00 each
5.25” drive cases, room for drive P: £10.00 sach
5,257 DisK Drives., 80 Tk, DSDO Usad o Why £15.00 each
E\‘he £15.00 drlves ata sold on & strictly "as iy ml?.n "

0 box

25° Digka, D500, 481pl boxes of 10
\!‘
Bare switch mode PSU 5V 2.5A 12V 2A—12V 0. IA

£42.00 each

40W PSU EVS\?SA 12V 154 ~12v 0,

.. £7.00
Gould PSUD-30V (& 54 Limited quantity only £45.00 each

Single Data lead (BEC Micro 1o Disk Driva)
Dual Data lead (BBC Micr to 2 Disk Drives)
Powear isad (BBC Micro to Disk Drlve) ... 2.00 each
E;‘%gmm lpad {BBC Micro 1o 2 Disk Utlm] :£4.00each
CPUs ﬁmshrst orgars get 10MHz chips) | 23.50 each
8088 CPU chi
ZB0A CPU, 4.50all4
TALSTTL, plckand mlx buy 100r more for 0.12 each
Types avallabla 10002 /0470811 '12 13'15'20'21 '26
2730323337 '38 '42 74 '83 86 '96 107 '109'122 132
136 '139 145 '151 153157 158 ‘162 '163 '164 '165
‘174’191 ‘193 '253 '257 '298 '353 '365 '330 ’399 ’670
2764 EPROMS (Ex-equipment) .. £1.00 each
27128 EPROMS (Ex-equipment)........ £1,20 each or £5 00/5

-£2.00 each
t 4.00 each

£2.00 each

d 15%

CAMBRIDGE COMPUTER SCIEN CE LIMITED

Pncesmclude posta \?e Add 50p (plus VAT) to orders below £5.00. All items new unless stated.
/AT to all prices. Send an SAE for our latest list or for more info.
Dept ETI 374 MILTON ROAD, CAMBRIDGE CB4 1SU
Tel: 0223 424602 or 0831 430496 (Please note, Mail Order only)

 £2,50 sach
E:

Byte ]
20 pin dil kow profile IC sockets 205000 .
40 pin dil low profile IC sockets £0.80/10 ,
DEC Lsim“’s CPU cards used but worklng
CPU cardn
mnsﬂy m

Clrcuﬂ sestar, finds !nuﬂs In TTL
Inc lBnds

Keyboard, 100 keys on bnard LCD

Metal project boxes drilled & painted but unused
28x32.5x5cm .. £5.00 each

Toroldal mains lrans'o 2V 4A & 0.4A,
12-0-121A & .2A, 8-0-9 2A £4.0011 £6.00/2£8.00/3

Video Tapes, E180 VHS L. £2.50 each
Smoke detectors, smali size . +£7.00 6ach
Smoke detectors, large wil ghl and pause

featu: £13.00 each

DO YOU USE TELEPHONE LINES?

CONNECT YOUR EQUIPMENT TO THE TELEPHONE SYSTEM
without the cost and delay of type approval.

ACHIEVE THIS BY USING QUR

hybrid systems for use on P.S.N. (normal dial system), Private circuits,
or Music Programme circuits.
THE LEGAL ECONOMICAL SOLUTION for broadcast signals —
Security alarmsignalling— Linking of remote factory sites for PA. —
intercom etc.

Call 0268 793381 or Fax 0268

ARTRIDG
ELECTRONIC

A.C, PARTRIDGE LTD.

Approved transmit, receive and

565759 FOR FULL DETAILS

UNITD

318 HIGH ROAD
BENFLEET
ESSEX S875HB

FM Transmitter Kits
Also a Telephone Bug Detector Kit
Ready buill FM lransmitter £6 50 including Post & Packing
These are Commercial Kits — We also stock a seiaction of
Scanning Receivers, so telephona for iatast stock or ask for
a tree catalogue,

UIrLiblE ELECTROMNICS

97 LEIGH RD, ATHERTON, GT. MANCHESTER
Telephone Atherton (0942) 891140 Mail Order Only

A & G ELECTRONICS LTD.
ELECTRONIC COMPONENTS MAIL ORDER COMPANY

1990 CATALOGUE
IS OUT NOW.

Order a catalogue now and we send you a
0.5" ORANGE DUAL LED DISPLAY
Value £ 2.00 absolutely free!!!

® FAST SERVICE
® LOW PRICES
» LARGE DISCOUNTS S

Offer fora

fun ith first order limited period.

o London Eo 2

Fax: 051-51% 3119

PLANS

ELECTRONIC PLANS, laser
designs, solar and wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphics tabiet. 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.
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DO YOU WANT USED
SCOPES - GENERATORS
POWER SUPPLIES
POWER METERS
DVMs - OSCILLATORS
ATTENUATORS
TEST EQUIPMENT
Contact:

COOKE INTERNATIONAL
Unit 4, Fordingbridge Site,
Main Road, Barnham
Bognor Regis,

West Sussex PO22 OEB
Tel: 0243 545111
Fax: 0243 542457
E Wide range of items available I

CALL
0442 66551
TO ADVERTISE
INETI

EXTENDER CARDS

Send for lists

ETI Cortex 16-bit computer, TMS
9995 CPU, home built Powertran
kit, floppy disc drive, any
reasonable offers. — 071-244 8128,

PCB DESIGN

PROGRAMS

High quality EXTENDER CARDS are
available as circuit board only, in kit form or
fully assembled from ORETECH SYSTEMS.

Board  Kit

Fully
only  form

WANTED

Turn your surplus
transistors, ICs 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.
NOW ESTABLISHED OVER 15 YEARS
Tel: 0945 584188
Fax Number: 0945 588844

EUROCARD 64WRowsab €10 €16 £20
EURQCARD 84WRowsac €10  £17 £21
PCXT 31 Way £9 €13 £20
PCAT 18/31 May £9 £14 £21

Add 50p postage + 15% VAT to above prices

CONTACT
E ORETECH SYSTEMS
0493-442350

SPECIAL OFFERS

PCB Design program V3.00
for Amstrad CPC664/6128

Many powerful features, including:

*Double sided layouts 3 text sizes
 Silkscreen layer *4 pad sizes

% Text on all layers %5 track widths
*Merge facility % Round/square pads

All this and more for only £39.99 fully

inclusive. For more details and printout

sample contact

CADsoft Systems, 18 Ley Crescent
Tyldesley, Manchester M29 7BD

CATALOGUE £1 + 25p P&P
Resislor pack, B5 dilferent, E12 values + zero ohm link, tolal
conlent 1000 resislors €895
LEDs 3mm or 5mm red or grean 6p sach yellow, 11p aach
Cableties ... 1peach, €595 per 1000, £49.50 per 10000
Slepping molor, 4 phase 12v 75 slep 50 ohms
SAA102/slepping motor drive chip .

FM Transmitler kil, good qualily sound
Highqualily phelo rasis| copper clad sposy glass bdoams

£395
£860

Dimensions singi plesised
3x4in

4x8in £2 40 22 SD
6x12in 537 -
12x12in £1066 —_
Specialofiers

Computer grade capacitors wilh screw terminals 38,000uf 20v
250

670000t 10v, £1.95; 68,000u 15v, £2 95, 10,000u! 16, £1 50
7 segment common anode led display 12mm ... 045
LM2931A15.0 low drop out Sv regulalor, 10,220 package & 85
88250 P channel mastal £0 45; BC559 ransistor £3.95 per 100;
74LBOS hex invertor £10.00 per 100, used 8/48 Microcontroller
£350
Siarea LIWIMIEM luner/preamp assy wilh volumefione canlrals
& tyning scale Brand new in makers carton RE95, faulty £3.50,
circisd alo far dbowa £0.50.
Hour counter used 7 digit 240v ac 50Kz £145
LCD display 16 digil 7x5 dols, dol matrix £250
QWERTY keyboard, 58 key, good qualily switches, new £500
QWERTY keyhoard with serial oulpul, nodata £50
Wide range of CMOS TTL 74HC 74F Linear Transislors kits,
capaciiors tools sic always instock Please add 95p (owards P&F:
VAT included.

JPG ELECTRONICS
276-278 Chatsworth Road, Chesterfield S40 2BH

Access/Visa Orders (0246) 211202 Callers welcome

SURVEILLANCE

SURVEILLANCE &
COUNTER
SURVEILLANCE

EQUIPMENT

WE MANUFACT URE AND SUPPLY

TOP QUALITY
SURVEILLANCE

AND SECURITY
{ EQUIPMENT
including VHF Transmiters
Aulomatic Telephone
Recorders, Recording
4. Briefcases, Bug
., Delectors,
' ~ Telephone

7 CounterTap Units

= ﬁ & We a“GUh:[E complete

ranga of actessories,
including microcassette recorders, microphones,
Teceivers, cassettes and balteries

CCTV AND SECURITY
SYSTEMS SPECIALISTS

Write or phone for a detaied catalogue to:

ESKAN ELECTRONICS LTD.

DEPT. ET, 172 CALEDONIAN ROAD, LONDON, N1

071-278 1768 =
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Start training now forthe following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398

Name

(Ref: ETI/11/90)
0O Telecomms
== Tech C&G 271
O Radio Amateur
Licence C&G
0O Micro-
processor
O Introductionto
Television

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 9UN

Sample Our Quality With
AFREE
PRINTED CIRCUIT
BOARD
Single/Double Sided Circuits
or Plated Through Hole
Waite to:

PAYNE ELECTROPRINT LTD
Marcus Road, Dunkeswell,
Nr Honiton, Devon EX14 ORA

SWITCHES

VOICE/SOUND ACTIVATED
SWITCHES easytofollowdiagrams
and uses only £1.00. Components
and PC.B'savailable. Herrington, 63
Home Farm Rd, Hanwell, London
W7 1INL.

EDINBURGH

NEW VHF MICROTRANSMITTER
KIT tuneable 80-135MHz, 500
metre range, sensitive electret
microphone, high quality PCB,
SPECIAL OFFER complete kit
ONLY £595, assembled and ready
to use £9.95 post free. Access/Visa
order telephone 021-411 1821.
Cheques/POs to: Quantek Elec-
tronics Ltd, Kits Dept (ETI), 45A
Station Road, Northfield, Birming-
ham B31 3TE. S.A.E. for details of
this and other kits.

KITS, PLANS, built units, micro-
transmitters, telephone switches,
bleepers, personal protection (sonic

N AT I ONA
S0 1lEG e o F
TECHNOLOGY

PACKAGED SHORT COURSES

The National College of Technology (NCT Ltd)
offers a range of packaged short courses in
analogue electronics, digital electronics and fibres
and optoelectronics for study at home or at work.
The advantages are that you may.

— commence at any time— work at your own pace
— have a tutor (optional) and there is no travelling
involved. BTEC certificates are available subject
to the conditions of the award. These highly popular
packed courses contain workbooks, a cassette
tape, circuit board and components necessary to
provide both theoretical and practical training.

Whether you are a newcomer to electronics or have
somne experience and simply need updating, there
is probably a packaged short course ready for you.
Write or telephone for details, quoting ETTI to:

NCT Ltd, Bicester Hall
5 London Road, Bicester, Oxon 0OX6 7BU

or telephone (0296) 613067 Ext. 202

and electric). SAE list: ACE(TI), 99
Greenheath, Hednesford, Staffs,
05438 71902.

FLATMATE SPEAKER enhanced
electronics kit £49.50 pair. SAE
details: Memex Electronics Ltd, 1
Icknield Close, Ickleford, Hitchin,
Herts.

CLASSIFIED COPY DATE FOR
JANUARY 1991 ISSUE OF ETI
IS 7th NOVEMBER 1990
BOOKNOW! CALL KELLI TAPLIN
ON 0442 66551

RETAIL OUTLETS

| OMNIELECTRONICS |

stock a wide range of electronic components at

LIVERPOOL

PROGRESSIVE RADIO

LONDON

CRICHHEWMDBD

174 Dalkeith Road,
Edinburgh EH16 5DX
Tel: 031 667 2611

9.30am-5pm — 1990 Catalogue £1.50
Send 2x18p stamps lor latest catalogue

Open: Mon-Thur 9.15am-6pm, Fri 9.15am-5pm, Sat

87/93 Dale Street Tel: 051 236 0154
47 Whitechapel Tel: 051236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS'
Open: Tues-Sat 9.30-5.30

ELECTROMNICS

One of the largest component retailers in the UK. Fast and efficient,
same day personal service on ‘IN STOCK ITEMS'. Very compelative
prices. No minimum order. Call Cricklewood Electronics now

40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET
Tel: 081-450 0995/452 0161

FRASER ELECTRON

Telephone (0705) 815584
Barclaycard

< 7>2 003 <0mrm

SOUTH COAST

ELECTRONIC COMPONENTS
are best seen at

ICS

42 ELM GROVE %« SOUTHSEA + HANTS

Access

COME AND BROWSE BEFORE YOU BUY

ETI DECEMBER 1950

LIVERPOOL

PAR
TV & VIDEO SPARES EMPORIUM
NOW OPEN
Trade and Public Retail Outlet
FERG VIDEO HEADS FROM £1095  PANASONIC HEADS FROM £1095
0 COPY KITS £5.99 OR SCART KIT £999
FERG VIDEO LAMP WIRE ENDS 40p ® FERG VIDEO LAMP WITH PLUG 60p
20MM A/S FUSES £t PER PACK OF TEN

ALL YOUR TV & VIDEO NEEDS HEHE IN LPOOL

ALLPARTS - 101 R §
LIVERFOOL 6 4BB 4825
Maon-Frid0am-5.30 «Sa1 3 am-5.30

DIRECT ELECTRONICS
ELECTRONICS COMPONENT SPECIALISTS
627 ROMFORD RD,
MANOR PARK
LONDONE12 5AD
Tel: 081-553 1174
Mon-Sat 10-6 pm/Thurs 10-1pm

We stock a large range of TV & Video spares

4 3>20340mMmrm
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ET

Panel Engraving Service

Now you can give your projects amore professional finish by using the
ETIFront panel service.If you have difficulty with drilling clean holes
and producing good quality labels for your treasured projects then
this service is a must for you. We will supply complete front panels for
selected projects featured in ETI in a variety of base colours and
coloured type according to your choice. The material used is a tough
laminated plastic of extremely durable quality. It can be used as a glue
on front-piece to a metal back plate or even as a front panel in its own
right, the decision is yours. We believe the prices quoted are extremely
good value for money and indeed hard to beat.

All you do is fill in the coupon stating clearly the code number, your
name and address and your remittance made payable to: A.S.P.
Reader Services.

For the choice of colour you must add two letters to the end of the
code. They are these: BW — Black panel, white lettering, RW — Red
panel, white lettering, WB — White panel, black lettering, WR —
White panel, red lettering.

The ultimate in personal service must be to offer a front panel made to
your design requirements and this does not have to be limited to
electronic projects. It could be a design for a clockface, a door-panel
insignia, even your own logo. Now we can offer that facility too. Send
us by letter or Fax, a neat dimensioned millimetre drawing of your
panel design and we will be happy to give you a quote for a coloured
front panel. On acceptance of the quote just send in the artwork and
we'll do the rest. There’s a minimum charge of £10.00 + VAT for this
custom service but we reckon it’s worth it.

Here are some recent popular projects to start this brand new service
on its way, the prices are inclusive of VAT and postage and packing:
P9005-1 The Business Bass Amp  £16.95
P9003-1 Superscope CRT Panel £ 3.95
P9003-2 Superscope X shift Panel £ 2.95
P9003-3 Superscope T/base £ 495
P9003-4 Superscope Y1 Input £ 4.00
P9003-5 Superscope Y2 Input £ 4.00
P9003-6 Superscope All 5 boards £17.95

P9001-1 Wavemaker FG £ 5.00
P8910-1 Multimeter £ 595
P9007-1 Decision Maker £ 895

TELEPHONE ORDERS

EY 044266551

ETI Reader Services, Argus House, Boundary Way, Hemel Hempstead, Herts, HP2 7ST

Please supply P9005-1 Colour Qty @ £16.95
Please supply P9003-1 Colour Qty @£ 395
Please supply PR003-2  Colour Oty wE 295
Please supply P9003-3 Colour Qty L 495
Please supply P9003-4 Colour Oty @ g 4.00
Please supply P9003-5  Colour Oty @£ 4.00
Please supply P9003-6 Colour Oty @ £1795
Please supply P9001-1 Colour Oty @E 500
Please supply P8910-1 Colour Oty @E 595
Please supply P9007-1 Colour Qty @£ BIYS
Cheques/P.O. payable to A.S.P. or debit my Access/Visa
LITTITTTTTTITTTITT] totae
Signature EXPiry cceeveevererncnenee
Name

Address

ETI Reader Services, Argus House, Boundary Way,
Hemel Hempstead, Herts, HP2 7ST

'NEXT

MONTH

We continue with our home management system, the system that
puts your mind at rest over keeping the lights off in areas you don’t
want and on in the areas you do and it will open the wrought-iron
entrance gates ready for you to drive the Rolls in after a hard day mixing
cement on the building site. What it can do for you is only limited by
your ideas.

We have a Five-in-one device to remotely sense the start or flow
of any current in a conductor be it visible or hidden from view like electric
cables in a wall. Again we provide you with five ideas but the usage is
limited only to your creativity

There’s more on our regular series of HDTV, Tech Tips and Testing
Testing and also the second part on Repairing Oscilloscopes which could
prove extremely useful.

January sees the start of a mini computer series, building a general
purpose micro-controller, an EPROM Emulator and an EPROM Eraser
to keep all computer freaks quiet through the long hard winter

Make sure of ordering your copy for the festive season and
collecting it on 7th December

The above articles are in preparation but circumstances may prevent publication

LAST MONTH

he HDTV series covered the only operating Japanese

system of high definition television. We started the series
on Recording Studio design to help you on you way with
building your own acoustic enclosure. Projects included a
4-channel cassette tape recorder, an Autocue — a digital timer
to give perfectly timed speeches, Infra-lock — a remotely con-
trolled security device to lock up your computer, TV or electronic
safe and a host of Musical circuits under our Tech Tips heading.
Back copies are available from Select Subscriptions.
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~ Take the Sensible Route!

BoordMoker is a powerful software tool which
provides a convenient and fast method of designing
printed circuit boards. Engineers worldwide have
discovered that it provides an unparalieled price
performance advantage over other PC-based and
dedicated design systems by infegrating sophisticated
graphica! editors and CAM outputs at an affordable
price.

In the new version V2.23, full

S consideration has been given to
dllowing designers to continue using their existing
schematic capture packages as a front end to
BoardMaker. Even powerful facilities such as Top Down
Modification, Component renumber and Back
Annotation have been accomodated to provide
overall design integrity within the links between your
schematic package and BoardMaker.

Equally, powerful features are included to ensure that
users who do not have schematic capture software
can take full advantage BoardMaker.

V2.23 of BoardMaker is still a remarkable
£295.00 and includes 3 months free
software updates.

NEW AUTOROUTER

BoardRouter is a new integrated gridless autoroute
module which overcomes the limitations normally
associated with autorouting. YOU specify the track
width, via size and design rules for individual nets,
BoardRouter then routes the board based on these
settings in the same way you might route it youself
manually.

This ability allows you to autoroute mixed technology
designs (SMD, analogue, digital, power switching
letc)in ONE PASS while respecting ALL design rules.

g No worrying about
whether tracks will fit
between pins. If the tracks widths and clearances
allow, BoardRouter will automatically place 1, 2 or
even 3 tfracks between pins.

You can freely pre-route

- any tracks manually using
Boordl\/loker prior to ou’rorouﬂng Whilst autorouting
you can pan and zoom to inspect the routes placed,
inferrupt it, manually modify the layout and resume
autorouting.

B
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HE8 560

FuII analogue, digital and SM support - ground
and power planes - 45 degree, arced and any
angle tracks with full net-based Design Rule

Net list input from OrCAD, Schema, etc
Top down modification

Forward and back annotation
Component renumber

Simultaneously routes up to eight layers
Fully re-entrant gridless autorouting
Powerful component placement tools
Extensive Design Rule Checking

Full complement of CAM outputs

Full support and update service
Reports generator

PostScript output

SMD support

Effortless manual routing

BoardMaker and
BoardRouter are priced
* at £295.00 each. As a
special introductory offer, they can be
bought together for only £495.00
which puts sophisticated PCB CAD
software within the reach of all
engineers. This price includes 3
months free software updates and full
telephone technical support.

Don’t just take our word for it. Call us
today for a FREE Evaluation Pack and
judge it for yourself.

Tsien (UK) Limited

Cambridge Research Laboratories
181A Huntingdon Road
Cambridge CB3 0DJ

Tel 0223 277777

Fax 0223 277747
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