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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-18 INCH STEREO RACK AMPLIFIERS

OMP POWER AMPLIFIER MODULES QEETCTEEEETPIrErese
OMP POWER AMPLIFIER MODULES nNow enjoy a world-wide repulalion lor quality rehability and
perlormance ai a realistic price Four models available lo sull the needs ol the professional and hobby market 1€ Indusiry
Leisure Inslrumental and Hi-Fi elc. When comparing prices, NOTE all models include Toroidal power supply. Inlegral heal sink
Glass fibre P CB  and Drive circuits lo power compatible Vu meter Open and short circuit proof

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Output power 110 watls
HM.S. into 4 ohms, Frequency Response 15Hz —
J0KHz —3dB, T.H.D.0.01%, S.N.R. —118dB, Sens. for
Max. output 500mV at 10K, Size 355 x 115x65mm
PRICE £33.99 + £3.00 P&P.

NEW SERIES Il MOS-FET MODULES

OMP/MF 100 Mos-Fet Qutpu
into 4 ohms. Frequency Iglespunse 1Hz - 100KHz
—3dB, Damping Factor, =300, Slew Rate 45V:uS,
T.H.D. Typical 0.002%, Input Sensrnwty 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 Respanse 1Hz — 100KHz
—-3dB, Damping Factor =300, Slew Rate 50V/uS,
T.H.D. Typical 0.001%, Input Sensitivity 500mV, S.N.R.
—130dB. Size 300 x 155 x 100mm

PRICE £62.99 + £3.50 P&P.

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

PRICE £79.99 + £4.50 P&P.
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NOTE:— MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS, STANDARD — INPUT SENS 500mY BAND W
PEC (PROFESSIONAL EQUIPMENT COMPATABLE] — INPUT SENS, 775mV. BAND WIDTH 50KHz ORDER ST2

Vu METER Compatible with our four amplifiers detailed above. A very accurate
display employing 11 L.E.D. diodes (7 green, 4 red) plus an additional on off indic
Sophisticated logic control circuits for very last rise and decay times Tough moulded o
case, with tinled acrylic front. Size 84 x 27 x 45mm

PRICE £8.50 + 50p P&P.

I power 110 watts R.M.S. [ElSaRell = Mt el s TE,

* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES " 5= =no v
LARGE S.A.E., 30p STAMPED FOR CURRENT _

OMP VARISPEED TURNTABLE CHASSIS.

f MANLIAL ARM %

NECH STAOBE % CALBRA
SHELL # '+ CARTRIDGE FIXING
5063z e 390%30S5mm * SU

TEMPLATE
PRICE £59.99 + £3.50 P&P.

STANTON AL500
PRICE 216.99 — 50p P&P

GOLDRING G850
PRICE £6.99 + 50p P&P

THOUSANDS PURCHASED
EY PROFESSIONAL USERS

NEW MXF SERIES OF POWER AMPI.JFIEFIS
THREE MODELS:— MXF200 100w = 30D
MXF60C 300 —

All power 1

FEATURES: * independent oc
indended level controls + lluminate:
credit proof « Larest Mos-Fets for
disirion ¥ Aluminium cases * MX
USED THE WORLD OVER IN CLUBS. PUBS, CINZMAS D
SIZES:— MXF 20C W19 - H3'=

MXF 200 W19 - HS .

MXF 300 W19 - M5,

MXF200 €171

PRICES: MXF400 £225

@
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LOUDSPEAKERS

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE-
QUENCY BULLETS AND HORNS, LARGE 5.AE. (30p
STAMPED) FOR COMPLETE LIST.

McKENZI INSTRUMENTS, P.A., DISCO, ETC.

ALL McKENZIE UNITS 8 OHMS IMPEDENCE

8" 100 WATT CB100GPM GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID.. DISCO

RES, FREQ, 80Hz FREQ, RESP, TO 14KHz SENS, 99dB PRICE £29.30 + £2.00 P&P
10" 100 WATT C10100GP GUITAR, VOICE, ORGAN KEYBOAFID DISCO, EXCELLENT MID
RES,FREQ, 70Hz FREQ, RESP, TO6KHz SENS, 100d| PRICE £36.58 + £2.50 P&P
10" 200 WATT C10200GP GUITAR KEYBOARD, DISCO EXCELLENT HIGH POWER MID

RES, FREQ, 45Hz FREQ, RESP, TO 7KHz SENS, 103dB RICE £48.67 + £2,50 P&P
12" 100 WATT C12100GP HIGH POWER GEN, PURPOSE, LEAD GUITAFI DISCO

RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz. SENS, 98dB 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 C12200B HIGH POWER BASS, KEYBOARDS, DISCO, P A

RES, FREQ, 40Hz FREQ, RESP, TO 7KHz SENS 100dB PRICE £65. 79+ £3.50 P&P
12" 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR KEYBOAFIDS DISCO, ETC

RES, FREQ, 45Hz FREQ, RESP, TO 5KHz SENS, 100dB RICE £67.51 + £3.50 P&P
15" 100 WATT C15100BS BASS GUITAR, LOW FREQUENCY, P A , DISCO

RES, FREQ, 40Hz FREQ RESP, TO 5SKHz SENS, 98dB 2 L

15" 200 WATT C152008S VERY HIGH POWER BASS
RES, FREQ, 40Hz FREQ, RESP, TO4KHz SENS, 99dB
15" 250 WATT C15250BS VERY HIGH POWER BASS
RES, FREQ, 40Hz FREQ RESP, TO4KHz SENS, 99dB PRICE £82.54 + £4.50 P&P
15" 400 WATT C15400BS VERY HIGH POWER, LOW FREQUENCY BASS
RES, FREQ, 40Hz FREQ, RESP, TO 4KHz SENS 102dB RICE £96.47 + £4.50 P&P
18" 400 WATT C18404BS EXTREMELY HIGH POWER, LOW FREOUENCY BASS

RES, FREQ, 27Hz FREQ, RESP, TO3KHz SENS, 99dB PRICE £172.06 + £5,00 P&P
EARBENDERS:— HI-FI, STUDIO, IN-CAR

ALL EARBENDER UNITS 8 OHMS ! i dual impedence apped (« 4 & 8ohm )

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, TO7KHz. SENS, 97d| PRICEEB 90 + £2.00 P&P
10" 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 4 8 OHM BAoS Hi- FI IN-CA

RES, FREQ, 40HZ. FREQ, RESP, TO 5KHz SENS, 99dB.. .. .PRICE£12 00 + £2,50 P&P
10" 100 WATT EB10-100 BASS, HI-FI, STUDIO

RES, FREQ, 35Hz FREQ, RESP,TO 3KHz SENS, 96dB PRICE £27.76 + £3.50 P&P
12" 60 WATT EB12-60 BASS, HI-FI, STUDIO

RES, FREQ, 28Hz FREQ, RESP, TO 3KHz SENS, 92dB PRICE £21.00 + £3.00 P&P
127 100 WATT EB12-100 BASS, STUDIO. HI-FI, EXCELLENT DISCO

RES, FREQ, 26Hz FREQ, RESP, TO 3KHz SENS. 93dB PRICE £38.75 + £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE ROLLED SURROUND

5%" 60 WATT EB5-60TC (TWIN CONE) HI-FI, MULTI- AFIRAY DISCO ETC
RES, FREQ, 63Hz FREQ, RESP, TO 20KHz SENS 92d

6" 60 WATT EBE-60TC (TWIN CONE) HI-FI, MULTI- AFIRAY DISCO ETC
RES, FREQ, 38Hz FREQ, RESP, TO 20KHz. SENS 94d ..PRICE£10.99 + £1.50 P&P
8" 60 WATT EB8-60TC (TWIN CONE) HI-FI, MULTI- AFIFIAY DISCO ETC

RES, FREQ, 40Hz FREQ, RESP, TO 18KHz 'SENS, 83dB PRICE £12.99 + £1.50 P&P
10" 60 WATT EB10-60TC (TWIN CONE) HI-FI, MULTI- ARRAY DISCO ETC

RES, FREQ, 35Hz. FREQ, RESP, TO 12KHz. SENS 86d ..PRICE£16.49 + £2.00 P&P

. PRICE £75.10 + £4.00 P&P

PRICE£9.99 + £1.50 P&P

BGRGRAR A PIEZO ELECTRIC TWEETERS-MOTOROLA

MXFSW 322
SECURICOR 2= ¥

POWER RATINGS QUOTED IN WATTS RMS FOR A= CASNES

OMP 12-100 (100W 100dB) PRICE £158.9¢ PER A=
OMP 12-200 (200W 102dB) PRICE £209.99 PER A=

SECURICOR DEL.:— £12.00 PER PAP

PIEZO ELECTRIC TWEETERS — MOTOROLA
Jain the Piezo revolution. The low o
respanse with a lower dist
beadded to existing =u==lfe' SySiEmE T
SUPPLIED WITH EACH TWEETER

J.

TYPE A

Price £5 09 each - 5
LEVEL CONTROL \,J"'1b|n€a on a recessed mounting

control and-cabinet input jack socket
Smim. Price £3.99 + 50p P&P

STEREO DISCO MIXER

STEREO DISCO MIXER with 2 x 5 band L & R
graphic equalisers ang 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, VARICAP CONTROLLED PROFESSIONAL PER-
FORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 054MP,
PRICE £14.49 + £1.00 P&P
FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH
VERY SENS FET MIC. RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATT, PRICE
£8.672 + £1.00 PEP

P

3 watt FM
Transmitter

VuMaters. Many outstanding features 5 Inputs
with individual faders prowiding a useful com-
bination of the following —

3 Turntables (Mag:. 3 Mics 4
plus Mic with talk over switcn Headphone Moni-
for. Pan Pot L & R Master Outpu! controls
Output 775mV. Size 360 % 280x80mm. Supply
220-240v

Price £134.99 — £4.00 P&P

Line including CD

POSTAL CHARGES PER CROER [1100 Mil!MUM OFFICIAL ORDERS WELCOME FROM
SCHOOLS, COLLEGES, GOVT BCTIES, ETC. FRICES INCLUSIVE OF VAT SALES COUNTER,
VISA ACCESS ACCEPTED: BY POST. PHONE OR FAX

B. K. ELECTRONICS Dept EE

UNIT 5, COMET WAY, SOUTHEND-ON-SEA_ ESSEX_ SS2 6TR
TEL: 0702-527572 FAX: 0702-420243




MISSING ISSUES?

Then The Electronics Today
International Back Issue Service
May Be Able To Help

ack numbers of Electronics Today International cost cover *
price plus 60p postage and packing from Electronics Today
International Back Numbers, Select Subscriptions, 5 River

Park Estate, Berkbhamsted, Herts HP4 1HL. Cheques should be
made payable to Argus Specialist Publications.

Back issues are available for the
previous twelve montbs only. As
some issues are in very short
supply, you should check availability on
0442 876661 so as to avoid disappointment.

ORDER YOUR COPY NOW -
WHILE STOCKS LAST!

What could be a better way of
keeping up to date with the latest
news and developments in the world of
international electronics, than by ordering a
direct subscription to E.T.l., delivered
direct to your door each month.
we've now made ordering a subscription easier than
ever before by calling our CREDIT CARD HOTLINE.

Simply give us a call, quoting your credit card details

and delivery address and we'll do the rest!
Remember, a subscription delivered to any address in
the UK is POST FREE, all overseas subscriptions include

postage.

Subscription Rates: UK £19.20: Europe £24.10: Middle
East £24.40: Far East £26.80: Rest of the World £25.85

or USA $48.00: (Airmail Rates on Request).

- Telephone 0442 876661/4
Between usual office hours m
quoting reference: ETI/T1 ERSEALL 7
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Production
Techniques

A company view on howto cut
costs in electronic production.

Back To Basics
This month Paul Coxwell looks
atthe electromagnetic connec-
tion. Electric current and
magnetism are naturally linked,
one creating the other.

|/

A simple SSB

Receiver

David Silvester builds this 20
metre radio receiver for long-
distance reception on single-
sideband.

2

HDTV 5

James Archer continues his
look atthe American approach
to High Definition Television.

Arienne’s Lights
Build this advanced disco
lighting display for any occasion
and amaze your friends. Kevin
Kirk trips the light fantastic with
this electrifying experience.

Towards
Tommorrow

Andrew Armstrong starts off a
new series all about the
seemingly impossible but
plausable technology of the
future. This month: Examining
other stars at close range with
high definition pictures.

36

Designing A
Test meter

In this the first of a two part
design-and build project, John
Smith evaluates the advant-
ages of different designs for an
electronic voltmeter.

38

Testing Testing
This is the last episode in our
long running saga of talking
about test equipment. Mike
Barwise probes and investi-
gates around the test bench for
the last time. *

Passive Direct
Injection Box

Peter Kunzler constructs a
simple box for on-stage
performersto record as well as
hear their own performance
through a PA.
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RIAA
Characteristics

David Silvester movesto the hi-
fi camp to explain these elect-
ronic audio reproduction
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64K EPROM
Emulator

Mike Bedford constructs an
EPROM Emulator for IBM PC
compatibles.
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- BLUEPRINT

Just for a change, this Blueprint includes a project
to construct a module which [ hope readers will
find useful. It uses a principle [ have applied in the
past, and which has given dramatic improvements in
audio quality from modest sized loudspeakers.

One failing of almost all hi-fi loudspeakers is that
they contain crossover units which add distortion, and
permit the drive units to add their own distortion. the
active loudspeaker project in ETI May 1990 did much
to get around this problem, but more can be done to
improve the situation.

SIGNAL
INPUT

ACTIVE
CROSSOVER

POWER AMP
TREBLE
| 0
| TWEETER
FEEDBACK POWER
MOaUCE AMPLIFIER
(G}

WOOFER

2

H

PROJECT

First of all, to put this mini-project into perspec-
tive, let us examine the reasons why crossover units
pose a problem. A crossover unit is a passive filter
which divides the sound spectrum into two or three
bands for the separate drive units. There is nothing
wrong with this concept, and if the components
forming the filter of high quality and if the
loudspeakers present a resistive load then all will be
well.

Blueptintis acolumnintended to provide suggested answers
to readers’ electronics design problems. Designs are only
carmied outforitemsto be published, and willnot be 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

The first snag is that crossover components, no
matter how good. willstill fall short of perfect. Cored
inductors cannot be made completely linear, and all
but the very best capacitors have insanitary habits such
as changing value slightly as a function of the voltage
across them, which causes harmonic distortion.

Dielectric storage is distortion inducing another
imperfection to which capacitors are prone.

The above refers, of course, to film dielectric
capacitors. Crossovers using electrolytics are beyond
the pale!

An active crossover using no inductors removes
one source of distortion, but more can be done. It is
easier to obtain high quality capacitors if the
capacitance is lower, so the capacitors used in an
active crossover should be chosen not to add
distortion to the sound. Polypropylene or paper types
are suitable.

Frequency Response

The second obvious snag with passive crossover
units is that the loudspeakers do not present a clean
resistive load, so the frequency response of the
crossover unit will not be as smooth as it should be.
A loudspeaker has an inductive component of
impedance, and the resistive part of the impedance
depends partly on the cabinet in which the drive unit
is mounted.

Even worse, the drive unit stores energy in
mechanical form, and cabinet resonances can also
store energy and then return it to the cone of the
loudspeaker later. It is likely that the cone of a bass
drive unit will vibrate at frequencies outside its normal
range of operation.

What should happen is that movement of the voice
coilimposed mechanically generates a voltage which
causes a current to flow which strongly opposes the
movement, heavily damping any resonance. The
magnitude of the current is only limited by the total

+30V O : 1 L:‘f;w > —O +12V
b = TO OP-AMP
120R
ci +
:: Cs
100n au7
G
T au7
oV O—
ém J:T ca rrlr/
1k2
c2 4u?7 +cs
100n ] Ra au7
120R
[1Ic2  \ g
30V O ] M3z > : —Orgvop-AMP
R8
—O TO POWER AMP
&0k
5 1ca >t
+ FROM
Ao eW 2 vy 1o -OUDSPEAKER
ak7 1k R47
—( GND
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resistance in the circuit.

The presence of a crossover unit increase the
impedance seen by the loudspeaker, specially at
frequencies just above the crossover region. This
prevents the low output impedance of the amplifier
from damping unwanted vibrations properly. An
active loudspeaker can avoid these problems as well,
but the damping of the bass drive unit is not as good
as it could be because the DC could somehow be
cancelled out, the bass driver would respond more
accurately to the signal from the amplifier. Note that
the resistance to be cancelled is not the apparent
resistance of the loudspeaker when it is in opertion,
because part of this represents power transferred to
the air.

Negative Resistance

Here is a project to do just that. What it does in
effect is to impose a negative resistance in series with
the resistance of the voice coil, giving a much more
powerful damping effect. It is designed to fit in as an
extra module in any active loudspeaker project,
including the ETI one.

What it does in essence is to measure the current
flowing through the loudspeaker, and increase the
voltage drive in response to an increased in current.
Application of Ohms law shows that this is indeed
negative resistance.

Of course, if the voltage drive increases too much
in response to increasing current, the resulting
increase in current willincrease the voltage drive even
more, and the whole system will try to latch up. To
prevent any possibility of this, the module must be
adjusted to cancel most but not all of the negative
resistance, and any extra contribution of resistance
due to connectors (which could vary) should not be
cancelled.

In most active loudspeaker systems, there are no
connectors between amplifier and loudspeaker, and
only a short length of wire. In these conditions, most
of the negative resistance can safely be cancelled,
giving a substantial improvement in damping. The
principle is illustrated in Figure 1. Almost any non-
inverting power amplifier can be used, and of course
in inverting one could be used if the signal output from
the module were inverted. The main requirement for
the power amplifier is that it should have a wide
enough bandwidth, and a smooth enough roll-off.

The circuit diagram is shown in Figure 2. The
input is coupled via C7 to remove an DC offset which
may be present. If the output from the frequency
splitter has no DC offset, C7 may be omitted.

The input amplifier is used as a buffer, in case the
previous stage cannot conveniently drive a 10k load.
In most cases this will not be a problem, but the buffer

—

LJ4[0Hd

I

IC3

will not be a disadvantage.

The following stage works as a simple non-
inverting mixer, adding a small proportion of feedback
signal to the main signal.

The power supply uses LM 317 regulators to
provide approximately +/—12V. These were chosen
in preference to 7800 series regulators both because
the regulation is better, and because they can operate
at higher input voltages than the 35V maximum for
7800 series.

When the module has been built, it should be
connected to draw its power from the main amplifier
power supply. The loudspeaker should initially be
connected via afuse in case there is a fault which could
cause damage. Assuming that all is well, remove the
fuse unless the extra precaution is required anyway,
and adjust the potentiometer RV1 for the best sound.
If in doubt, set the wiper a little lower than optimum
to allow a stability margin.

PARTS LIST

RESISTORS

R13 k2
R2.4 120R

R5 100k
R6,8 10k

R7.9 4k7

R10 OR47
RV Tk preset

CAPACITORS

€12 100n

C3456 47

c7 220n
SEMICONDUCTORS

IC1 LM317 Regulator
IC2 LM337 Regulator
IC3 5532
MISCELLANEOUS

PCB from ETI PCB Service
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t's remarkable in such days of worldwide,
instantaneous electronic communications that we
depend so much on the vagaries of the weather.

Letmeexplain, llivein the East Midlands; where
one day early in December last year we had a fall of
snow. Well, let's be more precise: although you are
reading this in the March issue of ETI, sometime in
February, lam actually writing these very words exactly
three days after the said same fall of snow.

Now, if you get my drift (pun intended), this fall of
snow caused terrific disruption to everyday servicesin
theregion. First, itfelled main high-voltage electric lines
from the local power station, Second, these high-
voltage lines fell on many other lower voltage electric
lines with the result millions — yes, literally millions —
of people were cut off from their electric supply.

Thiswouldn't have been sobad in itself. After all,
beingwithout power for afew hoursis no bigdeal. But
itdid turn into abig deal. Other lines went down too, in
remote areas after this. These were difficult to trace
Couple this with the snow which made getting to the
faults extremely hazardous and the result is a total
regional power cut.

But thatis not all. As power was simultaneously
cutfron water pumps at treatnent stations throughout
the region, fresh water waslost as well. Three days after
the initial problen there appears to be no immediate
letup.

This, | appreciate, is largely irrelevant to the
majority of readers, However, bear with me. thereisa
link. I mentioned earlier writing this colunn and that
indeed, is what | am doing — writing; long-hand, in
pencil, withachingfingers and multiple crossings out.
You see, for over six years | have word processed just
about every word [ write in magazines, papers, books
and letters. Since availing myself of a word processor
[ have almost forgotten what it is like to really write —
that is, with pencil and paper. My trusty computer,
which has only once let me down over these years (a
trivial speck of dirt on the keyboard circuit board)
bridging two paralle! tracks), just could not cope with
a decided lack of juice, and so here I am relying on
daylight hours to produce my scribblings.

First point behind all this, is that modern
communications are only as good as mother nature
allowsthemtobe. Itsperhaps as welltoremenber this.
Second point, | suppose, is | need a new, battery-
powered portable computer. Any offers from computer
manufacturers who need a decent and reliable
field-trial?

Your morning Disc, Sir

Starting early this year past editions of newspapers will
startto be available in compact disc form. The Sunday
Times, The Times, The Independent and The
Independent on Sunday are the first newspapers

available in archived quarterly and yearly CDs,
specifically for researchers in libraries.

Many readers will be familiar with The Times’
nickname — The Thunderer, and thisis the inspiration
forthe name of the system’ Thor. It is, naturally, more
convenient and considerably faster to access specific
information than microfiche versions which give similar
facilities
Wire We Doing This?

It’s just a little while untilthe Government decides who
willbe running our electronic communications systens

A number of companies and organisationsis expected
tobid. One, British Waterwaysistippedto have agood
chance of succeedingandisin anideal position to build
its network more quickly and more cheaply than most
ofits expected rivals. key to its potential successin the
field is the fact its network will be cabled notin a field.
Where most of its rivals networks must effectively be
made underground, British Waterways network will be
fotally above ground — but under water. BW plansto
lay cable along its 2000 miles of canals.

Cheapness and ease with which this could be
done (an estimated £40m undertaken in a matter of just
months) willlaunch British Waterways into being a key
player in the telecommunications field, allotting it to
create very cheap customer services in comparison
with others

Looking to another side of the telecommuni-
cations liberalisation story. British Telecom is
disappointed to learn it will not be able to provide
television services for another 10 years. Whether this
is a correct Governmental decision or not depends on
vour pointof view. BT isin theideal position to be able
to pipe television channels along with telephone
services. and doubtless could provide such a network
fairly easily and quickly. However, if telecommunic-
ations markets are to be liberalised, allowing significant
competition to build alongside BT, then holding back
the possibility of BT doing the job gives potential
competitors a chance to succeed. If they don't succeed,
and after all, we only have the startling growth of BT’
only other major telephone rival; Mercury — which
over the last five years has achieved the incredibly
magnificent. even staggering, vast market share of
around one half of one percent of all telephone
business — to compare the vast majority of customers
won't see a decent cabled television network in
conjunction with telephone services. Most cable
franchises are currently either materialising incredibly
slowly or not materialising at all
And Now For Something...

While were on the subject of BT. it'sinteresting to note
arecentdirective to its 240000 employees. banningthe
consumption of alcoholat work, ‘Operator shervishes,
can I be of any asshishtence’

Keith Brindley

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX - 031 667 2611

VELLEMAN KITS

Send 50p for 1991 Catalogue + Price List

Over 100 Project Kits in stock

A COMPREHENSIVE RANGE WITH

: SERVICE SECOND TO NONE

UR MUCH EXPANDED, BETTER ILLUSTRATED

(W I-J CATALOGUE WILL COST £1.50 — TO INCLUDE

S VOUCHERS TO USE AGAINST FUTURE
. PURCHASES. TO RECEIVE A COPY, PLEASE
SEND YOUR REMITTANCE WITH YOUR NAME,

) ADDRESS AND TELEPHONE NUMBER
REQUESTING A COPY OF THE 1990/91 OMNI
CATALOGUE.

Open: Monday-Friday 9.00-6.00 =
Saturday 9.00-5.00

RETAILERS WANTED

Why not be one of our many retailers who carry our top
range of high quality kits (Discounts to be arranged)
Send Detaits and Letterhead to:

HIGH-Q-ELECTRONICS
DEPTETI, PO BOX 1481 LONDON NW7 4RF

e 0707 263562

FAX:081-209 1231

SCHOOLS AND COLLEGES WELCOME

ETI MARCH 1991



Hewlett—Packard has announ-
ced the available of two
3Y2-inch DAT drives — the HP
35470A and NP 35480A — with
a potential storage capacity of a
massive 8 Gigabytes per $10
tape. HP believes that it is the first
system manufacturer to integrate
the DAT tape drive into a com-
puter system, and that it has
shipped more DAT drives than
any other DDS manufacturer in
1990.

The DDS standard has been
adopted by the European Com-
puter Manufacturers Association
(ECMA) as an industry-standard
format. It has been submitted to
the International Standards
Organisation (ISO) for a vote by
ballot for adoption as an ISO
standard and publication of this is
expected in mid 1991. It is also
intended that there will be an
American National Standards
Institute (ANSI) standard and the
technical development for this is
complete. The DDS data com-
pression format has been accep-

ted by the DDS manufacturers
group as the standard method of
storing compressed data on DDS
tape drives.

The two new developments in
the HP 35470A, previously
unseen in DAT products is a 3Y/2
inch package for standard PC
boxes and 2 Gigabytes of storage
capacity on a single 90m tape.
Data transfer rate is at 183
kbytes/s for the HP35470A. The
"80A drive is in the same 3V2 inch
package but is the first drive to
incorporate data hardware com-
pression giving up to 8Gbytes of
data per cassette at a transfer rate
of 732 kbytes/s.

The systems were developed
and are manufactured at NP’s
Bristol operation. Each drive
features a built-in small-
computer-systems-interface
(SCSI) controller and will be
marketed to original equipment
manufacturers (OEMs). Unlike
other DAT drives, which rely
heavily on the mechanisms
designed for use in the audio
industry, the new HP drives use
amechanism that was conceived
and designed specifically for use
in the computer industry.

The combination of high
performance and small size make
the DAT drives ideal solutions for
unattended backup of networked
workstations. PC network
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servers, high-end PCs and multi-
user systems are other areas in
which massive storage capacity in

a small package is particularly
valuable.
The tapes will cost about $10.
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& L Instruments have

produced ‘CompED), a new
series of teaching programmes for
Electricity and Electronics.
CompED is available as a com-
plete course or in individual
modules that include Basic
Electricity, Electrical Circuits,
Wiring & Diagrams, Test Equip-
ment, Magnetism, Generating
Electricity, Control & Protection
Devices, Solid State Components
and Computer Controls. Text,
single images, and two or three
dimensional animation is brought
together as a single display.
Control of text can be stopped,
stepped or scrolled.

Developed for the European
Market by E & L in the UK, each
module can be practised. The last
chapter is a series of review
questions and an incorrect

answer to a question automatic-
ally recalls the correct graphic and
text. Each programme comes
complete with a set of examin-
ation questions so the lecturer can
grade and watch the progress of
each student. If required the
results can be printed out.

A user-friendly manual pro-
duces easy computer based
learning. Hardware requirements
are an IBM PC or compatihle with
640k RAM, Hard Disk, EGA or
higher graphics. Copy is from an
install programme to the hard
disk.

Individual modules are from
£199.00 (exc. VAT).

Further information contact:
Justin Stanyard at E & L or Fred
Hutchinson of Quiswood Ltd on
(0756) 799737.




he Maplin telephone ex-

change system could make
the best use of your telephone.
Any one of up to four extensions
can make an external call in
privacy, and if the exchange line
is busy you can tell it to let you
know when it becomes free.

Incoming calls can be
answered from any extension and
transferred to another if required.
Intercom calls can be made bet-
ween extensions even if the out-

side exchange line is in use. In
addition, any extension can be
used as a baby phone to monitor
a sleeping child. If required,
extensions can be barred from
making external calls.
Installation is said to be simple
requiring no special tools. The
unit is an advanced micro-
computer controlled system that
combines a combination of tele-
phone control and premises
security. Advantage is taken of the

special features to set the alarm
from any telephone and auto-
matically dial a local number
should an intruder break in or a
fire start — in this respect the
system acts as a fire alarm.

Features include: ® Com-
pactness ® Accepts any
Approved BT ‘phone @ Call
Hold, Enquiry & Transfer @
Baby Alarm and Call Diversion
The Home & Business Exchange
costs £199.95.
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A revolutionary plastic com-
pound that virtually elimin-

ates static and could save the
international electronics industry
millions of dollars has been devel-
oped by a Hong Kong company.

The new compound has been
created by Statpack Systems Ltd
whose managing director John
Dalton created a unique formula
after visiting a major Korean
electronics manufacturer last
year.

“We were called in to help
solve a chronic problem with
static which meant that the
Koreans ware rejecting up to 50
per cent of the moulded housings
that they were producing for
radios, televisions, and CD
players” Mr. Dalton explained.
“The Koreans werent alone

either, as static was a problem that
had been plaguing electronics
companies throughout the
world”. -
Static is acquired by many
materials, especially synthetic
ones as a result of friction, air
movements and relative
humidity. This build up of
electrostatic charges causes
materials to attract and collect
foreign matter such as dust from
the surrounding air due to to
differences in electric potential.
The dust accumulates on elect-
ronic housings and components,
ultimately causing malfunctions
such as short circuiting.
“Anti-static sprays and dips
that are often used in an attempt
to remove static from shipping
tubes and static sensitive devices

weren't solving the problem in
Korea as they didn't allow manu-
facturers to print over them”
Dalton explains. “Our challenge
in Korea was to come up with a
long-term solution that would not
only slash static reject rates by
preventing dust attraction but
which could also be readily
incorporated into the manu-
facturing process and allow for
easy screen printing”

Mr Dalton decided that the
best way of reducing static build-
up in electronic equipment
housings was to remove it at
source by developing an anti-
static plastic masterbatch.
Although this had never been
done before, chemists in Statpack
eventually came up with a com-
pound which solved the Koreans’

problems.

The results were very impres-
sive, with static-related reject rates
being cut from as much as 50%
to less that 5% Mr Dalton
explains.

The anti-static masterbatch
developed by Statpack requires
no new machinery and can easily
be incorporated into the existing
manufacturing processes. It can
be used in any shape or form for
plastic items produced by
injection moulding, blow mould-
ing or extrusion.

Further information contact;
John Dalton, Statpack Systems
Ltd. 903 Kowloon Centre, 29 —
39 Ashley Road, Tsim Sha Tsui,
Kowloon, Hong Kong. Tel: 010
852311 7980. Fax: 010 852 724
2360

hen the British and French

sections of the Channel
Tunnel were connected for the
first time on 30 October 1990, a
new and sophisticated electro-
optical probe was used to deter-
mine the relative positions of the
two tunnel faces.

The probe, a new borehole
surveying tool from Reflex
Instrument AB of Sweden, was
used to measure the exact path of
a small diameter hole drilled in
the 100 metres of chalk still
remaining between the two
halves of the tunnel.

The Reflex Maxibor, as the
probe is known, was created for
Reflex Instrument by Chardec
Consultants Limited of Brighton,
a UK based research and devel-
opment company, which offer
expertise in electronics and
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associated fields.

Chardec Consultants was
asked to design and develop a
surveying tool that would be
simple to use, yet give accurate
results in harsh environments.
Their solution was the Haxibor
system which met and exceeded
these original specifications.

In principle, the Maxibor
makes borehole measurements in
exactly the same way as a
surveyor uses a theodolite to
make surface measurements —
by taking a series of readings of
angles and distances.

Inside the hollow steel casing
of the Maxibor, two optical
reflector rings are positioned at
three metre and six metre dis-
tances from a CCD area image
sensor and high intensity LED
light source. The CCD picks up

images of the two rings and tracks
their relative positions as the tube
bends to follow the line of the
borehole. A circular liquid level
sensor also forms an image on the
CCD and provides essential infor-
mation regarding the roll angle of
the tool.

Supporting the CCD is a
compact but powerful set of
image processing electronics
based on a 40MHz DSP chip
from Texas Instruments. Ring
images received by the CCD are
analysed using a mixture of
spatial and frequency domain
algorithms providing ring centre
location to sub-pixel accuracy and
high noise rejection. Images from
the level sensor are handled in a
similar way yielding angular
resolutions to fractions of a
degree.

Data from these two sources
are accumulated for the whole
survey and stored in the 256K of
on board battery-backed RAM.
Once back at the surface, the data
is uploaded to a hand held field
computer where it is formatted
and presented in graphical form
almost immediately.

In tests the Maxibor achieves
survey accuracies exceeding
1:1000. It is powered from a
rechargeable battery pack, pro-
viding up to 16 hours of contin-
uous surveying and housed in
rugged steel tubing measuring
45mm in diameter.

Chardec Consultants pro-
vided the complete design for the
Reflex Maxibor including the

-optics, electronics and image

processing software. The com-
pany was formed in 1986 by

Technical Director, Richard Parfitt
and has experience in all areas of
analogue and digital electronics,
and offers a complete range of
design functions.

Commenting on the Reflex
Maxibor, Richard Parfitt said:
“This device combines video and
optical technology with some of
the most powerful electronics
available. Only a few years ago it
would have been impossible to
use the sophisticated algorithms
at work inside the Maxibor,
simply because the computer
necessary to support them could
not be housed within the small
dimensions of a borehole
instrument.”

For further information
contact: Richard Parfitt, Chardec
Consultants Limited. Tel: 0273
305763, fax 0273 300488.

WOuld—be radio amateurs
searching for a way to gain
their Radio Amateur Licence A
can study with a distance learning
college RRC (Rapid Results
College) to sharpen their skills
before taking the Radio
Amateurs’ Examination.

Enthusiasts will be aware that
the Home Office requires all
Radio Amateur Licence appli-
cants to have passed the Radio
Amateurs’ Examination. The
RRC City and Guilds programme
covers both Parts 1 and 2 of the
course and prepares students for

the examinations which are held
in May and December of each
year.

The RRC programme covers
the following subjects: Licensing
Conditions; Transmitter Inter-
ference; Operating Practices and
Procedures; Electrical Theory;

Solid State Devices; Radio
Receivers; Transmitters; Propa-
gation and Aerials and Measure-
ment.

For further details contact,
RRC, Tuition House, 27/37 St
George’s Road, London, SW19
4DS. Tel: 081 947 2211.

With crime still on the
increase in Britain, security
is a major concern for the home
or business premises. People are
not always who they say they are,
but with the launch of a new
video door entry system, it is now
possible to see and speak to your
caller before answering the door.
Although the concept of video
entry phones is not new, the
Videoman, supplied by MVS
Marketing Limited, is a fraction of
the price of similar systems on the
market and the Videoman is
unique, in that it can be installed
using ordinary bell wire. The
tamper-proof camera unit needs
no special power cable and can
be fitted up to 150 metres away
from the interior unit. If a greater
distance between the two is
required, co-axial cable can be
used and the distance extended
up to 400 metres. The Videoman
can also be installed using an
existing bell or intercom system
and power for all units is supplied
by an ordinary 13 amp socket.
The Videoman is activated by
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the visitor pressing a button on the
small, discreet exterior unit con-
cealing the camera, which even in
low light will pick up the image of
the caller using an infra-red
detector. A chime will sound on
the interior unit and the visitor will
immediately be visible on the
screen for 15 seconds. The
‘monitor on’ button allows the
occupant to view the caller for a
longer period without their know-
ledge. Should the occupier wish
to speak to the visitor, they can
pick up the handset and a con-
versation can take place. A
remote door release button is also
available for remote control door
opening.

MVS Marketing are said to
have considerable experience in
the security industry and their
basic Vjdeoman system costs
from £399. The Video system
can be installed into flats, houses,
residential homes, warehouses,
offices, banks and building
societies.

Anticipating the review of
licencing legislation by the DTI for

television transmittion, the com-
pany has designed a microwave
transmitter that can be fitted to the
Videoman and other surveillance

equipment, when the laws are
relaxed.

Further information contact:
MVS Marketing: 0705-593043.
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ew this year from Maplin is
the 5 Piece Plier/Cutter Set

which are a cut above the rest.

This set of five useful pliers
and cutters, all of which are lap-
jointed and have insulated
handles comprise:
® A pair of long-nosed pliers
with serrated jaws and integral
wire cutter.
® A pair of extra-long nose
pliers with smooth jaws and
spring return.
® A pair of curved long-nosed
pliers with smooth jaws.
® A pair of side cutters with
spring return.
® A pair of end cutters.

The catalogue number for this
set is YZ45Y and costs £8.95
{(including VAT).

British Telecom has extended
its international voice
messaging service to Japan. The
move follows an agreement bet-
ween British Telecom and Japan
Voicemail and means that the
voice messaging service is now
available in the United Kingdom,
the United States and Japan.

Services to Australia, Hong
Kong, France and Germany will
be launched by British Telecom
early next year. Japan Voicemail
customers will also have access to
these countries. The latest
additions bring British Telecom’s
investment in international voice
messaging to more than £10
million.

Voice messaging allows users
to store and forward spoken

messages via a computerised
message-taking exchange to
other users’ “mailboxes”. A voiced
message can be sent to one
person just as easily as it can to a
dozen or more.

Messages can be sent and
received from any telephone,
anywhere in the world, at any
time. Customers can phone a
special telephone number, enter
their personal identification
number and at the press of a
couple of buttons send, receive,
add to and return, or redirect
messages.

The capacity to ‘store’
messages makes voice messaging
ideal for business people who
spend a lot of time away from

ampshire based Electroustic

Limited have made avail-
able a series of surface mount
inductors. The idea of an inductor
as a lump of iron with some wire
wound round it is an old view.
Difficulty in manufacturing such
components on a small scale has
meant the inductor has been left
trailing behind the widely avail-
able capacitor for surface mount
technology.

The inductor has caught up
with the capacitor in the surface
mount world by using techniques
borrowed from the manufacture
of the capacitor. An inductor can

12

be constructed in a similar way to
a multilayer chip capacitor by
using ferrite instead of ceramic —
the difference is that each plate
has to be connected in series by
means of plated through holes
instead of in parallel.

The range of values is
currently limited from 0.22uH to
22uH but s being extended all the
tim® as the product is developed.
This product has many applica-
tions in the electronic and tele-
communication industries where
surface mount is now extensively
used.

their desks and is of particular
benefit where time zone differ-
ences are encountered.

The average cost per mailbox

is £35 permonth.
Enquiries to British Telecom’s

Corporate Newsroom on
071-356 5369,

ETI MARCH 1991
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New gate array
technologies

Semiconductor manufacturers
see a large market for field-
programmable gate arrays. These
arrays are proliferating in both
numbers and new architectures,
opening up possibilities not
available to custom or semi-
custom chips. The tools used to
develop applications forthem are
in many cases the same as those
used for gate arrays.

Xilinx and Actelboth described
the latest generations of their very
differenttechnologies. These are
the RAM-configured logic-cell
array of Xilinx and the antifuse-
configured array from Actel.
These two technologies will face
competition from arange of ideas
with little in common except a
generally finer granularity than
has been the norm.

Apple Computersarray, called
Labyrinth, have cells with four
input and four output links, allow-
ing unlimited two-dimensional
cascading. There are only two
outputsinacell, butthey each go
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Fig. 2 The switching stations
route all long connections
between programmablelogic
elementsandl/Oblocksinthe
KawasakiSteel array.
Neighbouring PLEs have direct
connections.

G "

to two neighbouring cells. At the
edges of the chip, the leftover /O
lines are brought out, so the array
can continue on another chip.

A 4-bit configuration makes
the cell a half adder or a 1-bit
register. This configuration also
determines which inputs go to
which outputs. The register
contents are undisturbed when
the configuration is changed. This
allowsregistersto be loaded before
the array isreconfigured to operate
on the data.
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Fig. 1 The cells in the Labyrinth array are connected permanently in four
orientations. The A outputs are connected, as are the B.

Reducing damage to disc drives

elicate electromechanical

disc drives can be ruined by
hostile environments and re-
placing disc drives with a totally
electronic disc file system reduces
susceptibility to damage or con-
tamination. Compared with a

floppy disc, the Star Card system
from ITT Cannon, Santa Ana,
California, is 1,000 times faster.
The card is an internal memory
device composed of bare poly-
amide flat-flex circuit with surface-
mount components and a PVC

frame.

This disc file system consists of
a control board, adapter box,
cable, and software, and offers up
to 8Mbytes of memory on 8
cards. Supplied software emu-
lates either a hard or floppy disc

and allows an XT/AT or compat-
ible user to access data. The
software works with DOS ver-
sions 2.0 and higher. The disc file
system fits inside a half-height
5.25-in floppy disc drive.

New vehicle tracking system

A new system for tracking a
stolen vehicle uses the car’s
cellular phone to transmit its
longtitude and latitude to a
monitoring station which locates
the car on a map and calls the
police station closest to the car. A
loran-C receiver hidden in the car
allows the tracking system to
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determine car longitude and
latitude? Monitors track the car’s
direction and speed from the
loran-C data.

The vehicle-tracking system
works with a wvehicle-security
system, which automatically calls
the monitoring station if the car is
started without its security system

being disarmed. Electronics sense
if the car is being towed or if the
security system is disconnected
from the tracking system.

The system, called Intercept,
from Code-Alarm Inc., Madison
Heights, Michigan, is being used
in the Detroit metropolitan area.
By the end of 1991 the syster will

operate in other cities. Other
tracking systems require that the
police cars carry the tracking
equipment and owners activate
these systems after a car is stolen.
Because Intercept includes a
loran-C receiver, police depart-
ments do not have to install any
equipment in their cars.
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Safety First

Since the publication of my
article on Electrical Safety in
mains equipment (Dec 89), I
have paid special attention to any
mains related designs published
to see if any lessons had been
learned by your contributors.
Allowing for the natural lead time
before publication, the noticeable
improvements have virtually zero.
Oh-well, [ thought | had had my
say so | will have to live with it.

Then came the January issue
which I bought before Christmas,
which has made me put pen to
paper in the form of a complaint
letter for the first time in my life.

40-30

fter reading Launcelot Dow’s
letter in your December issue
of ETI, I feel I must rise to the
defence of Mr Linsley Hood.
This man is not just a great
man and respected engineer but
a highly respected designer who
has had articles published in
Wireless World longer than Mr
Dow has been building amplifiers.
There seems to be two types
of hi-fi enthusiasts one like myself
who builds amplifiers to designs
of people like Mr Linsley Hood
and have been brought up on
electronic magazines and those
who read a certain Hi-Fi
magazines to which the ‘golden-
ears” write articles on exotic hi-fi.
[ feel sorry for those taken in
by them, you only have to read

On opening up to page 50, |
could not believe what I was
seeing such a blatent death trap
within these pages. Whilst many
of your readers will have the
common sense not to duplicate
this construction, you must agree
that to present this an example of
an ‘experimental unit'to “the
younger and less experienced
constructor is downright irrespon-
sible. I urge you to publish a
suitably prominent warning at the
earliest possible moment, stating
that in no way should such an
arrangement be copied. [ also
urge you to exercise more caution

various editions stretching back
over several years to realise that
what was ‘flavour of the month’ in
1985 was not in favour in 1990
including American exotics cost-
ing thousands of pounds.

Readers are told to buy very
expensive items which could at a
pinch buy a flat in Scotland.

Not a hint of an apology when
those expensive items are later
shrugged off as being inferior in
sound quality to their latest
‘million dollar’ item.

No wonder the back of the
magazine is filled with poor souls
trying to sell their now out-of-date
gold plated items. [ wonder how
many divorces have taken place
over frustrated hi-fi perfectionism.

Mr Dow must have misread

when publishing projects which
have any mains content, carefully
vetting them for adherance to
basic safety considerations.

A Gayne, Worcestershire

I take your point Mr Gayne. We
should always be aware of the
dangers associated with mains
electricity in our projects or
otherwise and for that we should
not have published a picture
showing open construction. The
power supply for the ETI SBC09
in the January issue should have

the letter in November when
changes to the circuit are
mentioned. These are circuit
design changes and just changing
components will make no differ-
ence to the stability of the
amplifier.

D Lucas, Glasgow.

have been following the
debate between Mr Nalty and
Mr Linsley-Hood in your Read-
Wirite column with interest.
Having built the 80-Watt
amplifier designed by John
Linsley-Hood and marketed by
Hart electronics, I can testify to
the excellence of this amplifier. 1
have compared it with several top
make amplifiers which it equals,

some form of protection around
it. Having said that we expect this
project will only be attempted by
an experienced constructor who
knows what they are doing in the
computing and electronics world.

As a footnote to this, [ can
never recall reading in magazines
about the dangers of mains when
constructing valve radios and
amplifiers in my early years (I
started when [ was eleven in the
early sixties). | hate to admit it, but
shocks were a regular occurence
when trying to get a steam radio
to work. Still 1did learn the hard
way. Ed.

and in most cases surpasses in
perceived sound quality. | had to
make one for a friend after he
heard it and became dissatisfied
with his expensive commercial
amplifier. The quality of the kit in
respect of the PCB’s and the clear
instructions are first class.

I have also purchased the
PCB’s and components for the
Virtuoso pre-amp from Mr Nalty.
I have to say that I was
dissapointed with the quality of
the PCB's and the muddled
instructions particularly with
regard to upgrades of upgrades.
Surely any product that purports
to rank with the best shouldnt
need upgrading?

D. Jackson, Bluntisham,
Cambs.

in mint condition with
these specially

The price is just £6.80

and packing.
How to order

send cheque/p.o. to A.S.P.
BINDER OFFERS, Argus

Hempstead, HP2 7ST.
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BINDERS

Keep your collection of
ELECTRONICS TODAY INTERNATIONAL

commissioned binders

which includes postage

House, Boundary Way, Hemel

(0442) 6655]

TELEPHONE ORDERS (24 HRS)

I
Total£..... (Please make cheques/postal orders payable to A.S.P.) |
NAME ..ottt
ADDRESS e =
.................................................... |

|
ordepitmy LIIT T T TTTTTTTTTT] expiry...... ]

Please allow 28 days for delivery

ACCESS/VISA Signature ..........
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PRINCES RISBOROUGH “PP‘:,':I‘;"°"'
BUCKS HP17 9DB S

TEL: (084 44) 6326 Fax: (084 44) 7102
Add VAT +£1.50 on all orders. Export add 10% z

MODULES AND EQUIPMENT

ruvsutaoestes | For Projects & Applications in: [couprekensive istucTions

*AUDIO x SECURITY *x INDUSTRIAL x DIGITAL VOLTMETERS

*%x SECURITY %% **x AUDIO * %
" MINIATURE PASSIVE INFRA-RED SENSOR-RP33 J§ AL 12580-125W POWER AMPLIFIER

Switchable Dual range, detects intruders up to 6 or 12 metres | A rugged, high powered module that is ideal for
This advanced sensor operates by detecting the body il use in discos & P.A. Systems where powers of up
heat of an intruder moving within the detection field. Ji§ to 125W, 4 ohms are required. The heavy duty
Slow ambient changes such as radiators, etc. are fl§ output transistors ensure stable and reliable
ignored. Easily installed in a room or hallway. Providing [l performance. Itis currently supplied to a large
reliable operation from a 12V supply, it is ideal for use il number of equipment manufacturers where &
with the CA 1382 or equivalent high quality controi unit. relia!:élity {and Derf':qlmtlz'ancetzre thte rlnain e »\’3’;
. Supplied with full instructions. | considerations, whilst far others its low price is the , 45"
Size B0x60x40mm o EE  ounts startata units [l major factor, Operating from a supply voltage of & 5

UK's leading module manufacturer since 1972

Now only

40-80V into loads from 4-16 ohms
. O o o hsorars; | AL 5070-ULTRA LOW DISTORTION
o at 50kHz with an effective range up to 20ft. Suitable for @ 50W AMPLIFIER

operation in household or vehicle security systems. 12V . . . . .
: PTrSE e Provides sound reproduction of the highest quality with
operation and buiit-in timing makes it suitable for a distortion levels below 0.02%, this module offers

pideliangelotapplicalion s superlative performance in ali types of audic equipment
ADVANCED CONTROL UN'T_CA 1382 Full over-load protection is incorporated ensuring
reliability of the highest order. Supplied with its own [« I & ¥+ ]
_ " heat sink, it opertes from a 40V-65V supply rail into VAT
Automatic Loop Test & Switch On #* Autommalic Siren B |sads of 8-16 ohms,

Re-Set * Audible Eniry/Exit Warning Buzzer * Two
AL 2550-COMPACT LOW-COST 25W AMPLIFlER

Separate Loop Inpuls +24-hr Circuits %
Easily Installed, Full Instructions Supplied.
This advanced control pane! provides effective and [l One of our most popular audio modules with tens of
thousands installed. Ideal for domestic applications
where low distortion and compact size are

reliable control for all security installations, yet its
operation is sheer simplicity for ail members of the

the prime requirements. Used with supply £6.55
rails of 20V-50V into loads of 8-15 ohms | VAT

family, and is supplied with two keys. Housed in a steel
case with an attractive moulded front panel, it compares
with units costing twice the price
AL 1030-RUGGED 10W AMPLIFIER
This low cost unit provides a powerful 10W output making it
ideal for all medium power applications requiring quali

LOW-COST CONTROL UNIT-CA 1250
reproduction with rugged performance. Repre-

This tried and tested control unit provides the finest
senting excellent value for money it operates

value for money in control systems, with many
fram a supply of 18V-30V into loads of 8-16 ohms.

thousands protecting houses all over the country.
MM 100-BUDGET 3-INPUT MIXER

A suitable steel enclosure is available separately
The unit offers the following fealures: Built-in electronic

With a host of features including 3 individual level controls, a master volume and
separate bass and treble control, it provides for inputs for microphone,

Only siren, drives two Joudspeakers /ncorporatmg exit &
(& Wec Ll eniry delays s Anti-tamper and panic facility * Screw
VAT connector for ease of installation, etc. elc.
magnetic pick-up and tape, or second pick-up (selectabla], and yet costs
consjderably less than competitive units.

This madule is ideal for discos and public K 1 7.49
address units and operates from 45V-70V A

MG 100G

As MM 100 with two guitar +1 microphone
input intended for guitar amplifier applications

FULL RANGE OF SECURITY ACCESSORIES STOCKED PROVIDING
EVERYTHING YOU NEED TO PROTECT YOUR HOME

| DIGITAL VOLTMETER MODULES

DVM 456 HIGH PERFORMANCE §ersiiviy 0.2 tosoy

Within 0.1+ 1 digit

3'2 DIGIT PANEL METER Inputimpadance 1008 om

Supply Voltage av-12v
Dimensions 95.5x 55 11mm

This exciting new module provides a
large, bright digital read-out with an
accuracy within 0.1%. Itincorporates a
built-in regulator which allows it to be
used from an unregulated supply of
between 8V-12V, Full over-load
protection is included and the unit is
supplied with a mounting bezel and
filter, together with full application

50FT INFRA-RED BEAM-IR1470 (PR

The IR1470 consists of a separate transmitter
and receiver providing a beam of up to 50ft

which, when interrupted, operates a relay in the receiver which
in turn may be used to control external equipment. The system
requires only 65mA from a 12V supply. Size: (each unit) 82 x 52 x 57mm

TIMER SWITCH & POWER SUPPLY-DP3570

Sl instructions showing how to extend its | The DP3570 consists of an adjustable timer switch and 12V .
£19.95 range and measure resistance, current [l stabilised power supply designed to provide switching of loads
VAT and temperature up to 4A at 240V A C. for a preset time between

10 secs and 6 mins, the timed period being initia-
ted by the normally open or normally closed inputs,

GENERAL PURPOSE ULTRASONIC
MOVEMENT DETECTOR US4012

This module uses ultrasonic techniques to detect movement at
distances up to 5 metres with an operating range of 60°. Supply £1
voltage 10-14V (12mA). Size: 147 x 52.5 x 15mm

STABILISED SUPPLY & SWITCHING UNIT-PS1265

The PS1265 provides stabilised 12V output for current levels up to 700mA. Addition-
ally it incorporates a high

ATTRACTIVE DISCOUNTS impedance input for swilhing

AVAILABLE FOR QUANTITY USERS AUl

DVM 356 VERSATILE DT10 TEMPERATURE MEASUREMENT MODULE
A simple, the h effecti dule which wh
3'D|GIT PANEL METER co:;rltrlﬁc(:ed ;:jogvideeseg Ilivnzranrooxt:u\:loilﬁ Orvr\:v7°nc
- over lhe lemperature range — 10 to +100°C
£3.95 + VAT
PS209 DUAL POWER SUPPLY
Fully built maths power supply providing two 9V

outpuls of up lo 250mA each Suitable for use with
either DVM modules and other equipment

£6.65 + VAT

The DVM 356 is a low-cost module offering
3-digit performance with an FSD of +999mV and

—99mV. Supplied with a
comprehensive Data Sheet
No bezel available £1 7\[:"33
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A corporate view by
Production
Techniques Ltd.

Everyone involved in
semiconductor manufacture
in Europe is only too well aware
of the intensive competitive
pressures they are already facing
and will continue to face at an
even higher level, not only to
maintain market share in post-
1992 Europe but to hold their own
against competition from the rest
of the world, and particularly
from Japan.

It is true that the European
chip market has been enjoying a
boom. According to the Data-
quest Consultancy growth in
1989 was 22%, higher than the
performance of either the United
States or Japan.

Even so, it is considered
doubtful that chip manufacturers,
whether European-owned or
overseas companies with a
European presence, are generat-
ing sufficient profit to fund the
research and development
needed to produce the advanced
chip technology which alone will
ensure long term success in what
is an increasingly international
market

One example of the type of
research demanded, from many
which could be given, is the
development of the 64-bit D-
Rams (dynamic random access
memories) which are expected to
be available around the
mid-1990%s.

To compound these problems
still further, purchasers of
electronic components of all
types, including the increasingly
complex products for which they
are seeking, are demanding ever
higher quality standards, at
realistic cost and delivered on
time, in accordance with just-
intime production schedules.

Chip manufacturers envisage
various ways of meeting the
situation. At the corporate level,
managements look to policies of
acquisition to achieve greater
economies of scale in order to
support a stronger research and
development capability.

Politically, some look to
action, by their own governments
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COMPETITION BY
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or on a wider pan-European or
even international scale, ranging
from expansion in such directions
as the Joint European Sub-
micron Silicon {Jessi) initiative to
more controversial issues like
retreating within an electronics
“fortress Europe”

Less dramatic and yet perhaps
more likely to achieve positive
results in the relatively short term
is to turn to the search for and
introduction of economies in the
production process itself. These
can be aimed at cutting prod-
uction time, improving efficiency,
reducing maintenance costs,
eliminating idle time, saving
energy, reclaiming materials for
re-use and similar policies.

Though individually, each
such improvement may have
only a modest effect on the
bottom line, collectively a number
of measures of this type can have
a considerable impact.

One area in which improve-
ments of this nature can be
achieved is in the choice of cost-
effective methods for handling
the many fluids used in chip
production, from special etchants
and acids to various solvents and
different grades of purified water.

Production Techniques Ltd.
specialise in the design and
ménufacture of pipeline fittings,
components and accessories,
together with complete systems,
for handling the highly reactive
and high purity fluids widely used
in the electronics industry.

Their ‘Chemcon’ range of
PTFE products have been used

by chip manufacturers in the UK
and overseas for many years in
etching baths and wash tanks as
well as in the form of complete
pipework and control systems for
the transfer, dispensing and re-
circulation of these liquids.

They claim that major cost
savings can be obtained from
their combined pump and filter
unit, used in wafer etch baths to
deliver, filter and recirculate the
etchant.

In addition to the savings in
labour costs, significant econ-
omies are gained by the re-
circulation and re-use of costly
materials and by the elimination
of the considerable costs of
disposal of effluent which cannot
be discharged through the public
sewers, without treatment.

Aleading UK semi-conductor
manufacturer has carried out a
comparative cost analysis of acid
usage before and after installing a
‘PFU 20000" combined pump
and filter unit. Using a conven-
tional etch bath, 20 litres of HF
were used, over a 24-hour
period, costing £49.80 per day.

After installing the combined
pump and filter unit, with recircu-
lation and reclamation of acid, it
was only necessary to provide a
‘top-up’ of 0.87 litres in the
24-hour period, at a daily cost of
£2.16. This represents a reduction
in acid usage of 19.13 litres per
day, giving a daily cost saving of
£47.64. At that time, the cost of
a new ‘PFU system was
£4,500.00, which, on the saving
of acid costs alone, represented a

payback of approximately three
months.

" Since then, a new version of
the ‘PFU’ has been introduced,
designated ‘PFU 30000’ Its
principal new feature is the
incorporation of the valves in a
separate control box, instead of
being installed within the unit
itself.

This new arrangement will
have no effects either way on acid
usage, but reduces maintenance
and servicing costs.

The latest version of the
‘Chemcon’ pump also has a
remote valve with similar benefits
to those obtained from the pump
and filter unit.

Designed for continuous
operation over long periods, the
‘Chemcon CBP 500’ is used both
for process and laboratory work,
and is available for bench
mounting or in a wallmounted
cabinet.

Economies in production can
be built-in at the design stage of
anew fluid handling system or in
the course of a major rearrange-
ment of the plant, when a spec-
jalist can advise on plant layout,
component selection and the
integration of the various
elements into a space-saving
system which is easy to operate
and maintain.

Production Techniques have
many years experience in the
design of such fluid handling
systems in the electronics industry
as well as supplying the compon-
ents required. Their product
range includes all types of pipe
fittings, tubes and hoses,
solenoid, non-return and
pressure relief valves. pumps.
aspirators. pressure regulators
and flowmeters, all fully
compatible.

Although it is never easy to
quantify the savings from a fluid
handling system, or to establish a
reliable pay back period, suppliers
and installers of such systems are
convinced that there must be a
significant, if indefinable, benefit
to the bottom line.

In today’s increasingly
competitive semiconductor
marketplace, any cost reduction
using more cost-efficient
production equipment will help to
ensure a stronger position in the
difficult years ahead.
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Fig.1 Lines of force surrounding a magnet

ast month it was shown that the chemical

action in a cell causes electrons to be

moved from one electrode to the other,

thereby creating a potential difference

between the two terminals. There is
another important way in which electricity can be
generated — by using magnetism.

Some materials, such as magnetite, are naturally
occurring magnets. Certain other materials can be
made magnetic by subjecting them to the field from
another magnet. lron, for example, can be easily
magnetized, but it can also lose its magnetism fairly
easily and is therefore called a temporary magnet.
Other materials can retain their magnetic properties
for much longer periods and are therefore known as
permanent magnets. An alloy of steel is often used
to produce such magnets.

The magnetic effects are concentrated at the
poles of a magnet, which in a bar magnet are the two
ends. The poles are referred to as the north pole and
south pole, the former being the end that would point
north if the magnet was suspended so that it is free
to turn. Lines of magnetic force, or flux lines, leave
the magnet at its north pole and re-enter it at the south
pole. Within the magnetic materials the lines travel
from the south pole to the north pole, and a complete
magnetic circuit is formed. (Figure 1 shows how these
lines are usually represented in diagrams.)

Just as unlike charges attract and like charges
repel, so itis with magnetism: Unlike poles attract and
like poles repel (Figure. 2).

Fig.2 Magnetic attraction and repulsion

Electricity from Magnetism

If a wire forming part of a circuit is moved across a
magnetic field, a current is induced in it. This principle
is put to good use in all types of generators.
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The magnitude of the induced current is directly
proportional to three factors: the speed at which the
wire cuts through the magnetic lines of flux, the
strength of the magnetic field, and the amount of wire
which passes through the field. The amount of wire
cutting the magnetic field is usually increased by
forming the conductor into a coil of many turns. It is
not important whether the magnetic field remains
stationary and the conductor moves or vice versa; all
that is necessary is relative movement between the
two, and both methods are employed in practical
generators, It should be noted that for a current to flow
the conductor must cut the lines of flux; movement
parallel to them causes no induced current (Figure 3).
The right-hand rule can be used to determine the
direction in which current will flow. The right hand
should be held so that the thumb, first finger, and
second finger are all at right-angles to each other.
(With the palm facing down and the thumb pointing
to the left, for example, the first finger points forward
and the second finger points down.) If the hand is
oriented such that the thumb points in the direction
in which the conductor is moved, and the first finger
points in the direction of the magnetic field (from north
to south), then the second finger shows the direction
of the induced current (Figure. 4),

This month Paul
Coxwell looks at the

magnetic associations

with electricity.

MAGNETIC
FIELD\

VERTICAL MOTION CAUSES WIRE
TO CUT FLUX LINES, WHICH
INDUCES A CURRENT IN THE WIRE

HORIZONTAL MOTION DOES NOT
CAUSE WIRE TO CUT ACROSS FLUX
LINES, SO NO CURRENT IS INDUCED

Fig.3 Inducing a current in a conductor

There is a very important distinction which must
be made at this point. In the first part of this series it
was seen that electrons flow from negative to positive
in a circuit. Electricity was being put to good use long
before electron flow was discovered, however, and it
was assumed by convention that electricity flowed
from positive to negative. The right-hand rule assumes
the conventional current flow theory, and the second
finger will therefore point in the direction of
conventional current flow. It does not really matter
whether the electron flow theory or the conventional
current flow theory is used, so leng as it is clear which
is in use. The remainder of this series will assume
conventional current flow when looking at
magnetism.
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MOTION

AIHRENI

thuMb = MOTION
First finger = FIELD
seCond tinger = CURRENT

MOTION
Fig.4 Using the Right-hand Rule

Magnetism From
Electricity

Moving a conductor across
a magnetic field causes a
current to be induced, and
the converse is true:
Passing a current through
a wire causes a magnetic
field to be generated
around that wire. The
direction of the field
depends upon the dir-
ection of the current, and
another rule using the right
hand can be employed. If
a wire carrying a current is
grasped in the right hand,
with the thumb pointing in
the direction of conven-
tional current flow, then
the ‘fingers wrapped
around the wire show the
direction of the generated

/ CURRENT

magnetic field (Figure.5).
The strength of
the field is proportional to the amount of current
flowing through the wire.

A magnetic field suitable for practical uses can
be made by winding the wire into the form of a coil
(Figure.6). The magnetic field around each turn of the
coil adds to the others to produce a much stronger
overall field. The direction of the field can be
determined using the right-hand rule: If the fingers are
wrapped around the coil in the direction of current
flow, then the thumb will point to the end of the coil
which will be the north magnetic pole.

Different materials possess a different capacity
for holding magnetic lines of force. Iron, for example,
can hold many more flux lines than air, and is said to
have a lower reluctance. An iron core is often inserted

CUHREV

DIRECTION OF
MAGNETIC FIELD

Fig.5 The magnetic field surrounding a

current-carrying wire

density and provide a
much stronger magnetic
field. When a coil is used in
this way to produce a mag-
netic field, it is called an
electromagnet. The elec-
tromagnetic effect is very
important to many aspects
of electronics, and will be
examined again with the

in a coil to increase the flux
cunﬂﬂ::/

subject of inductance.

It has been seen that a current flowing through
a conductor sets up a magnetic field. This field can
be used to produce motion if it is made to interact with
another magnetic field, due to the attraction and
repulsion of unlike and like magnetic poles (Figure 7).
This time the left hand may be used to determine the
direction of motion. The thumb, first finger, and
second finger are held at right-angles as before, with
the first finger pointing in the direction of the magnetic
field and the second finger pointing in the direction
of current flow. The thumb then indicates the direction
in which the wire will move.

Remember the two rules: The left-hand rule
determines direction of motion when a current is
supplied (the motor effect) and the right-hand rule
determifies the direction of induced current when a
wire cuts a magnetic field (the generator effect). Both
rules assume conventional current flow.

The Moving Coil Meter

The interaction between electricity and magnetism is
not only used for generators and motors. One very

common use in electronics is the moving-coil meter,
which measures current flow.

If a bar magnet is pivoted between the poles of
a horseshoe-shaped magnet, it will turn until north
and south poles are aligned at each side (Figure 8).
A spring may be added to try to keep the bar magnet
positioned so that like poles are together. The spring
is therefore acting in direct opposition to the magnetic
field, and the magnet will turn so that the force acting
in one direction by the magnetic field is equal to the
force acting in the other direction by the spring. If the
strength of the bar magnet could be increased, it

_.-_s

| )<= CURRENT
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Fig.6 The electromagnet

would turn further against the pressure exerted by the
spring.

The moving-coil meter replaces the bar magnet
with a core upon which is wound a coil of wire (Figure
9). The strength of this electromagnet is then
determined by the current flowing through the coil.
As the current increases. so does the strength of the
electromagnet formed by the coil. This causes the
whole coil assembly to turn further against the
opposing pressure of the spring. By attaching a pointer
and providing a calibrated scale. the unit can be used
to measure the amount of current flowing in any
circuit. The moving-coil meter is also known as the
DArsonval movement.

CURRENT

MOTION

CURRENT SUPPLIED IN DIRECTION
INDICATED CAUSES. WIRE TO MOVE DOWN

MOTION

ARHENT

CURRENT SUPPLIED IN DIRECTION
INDICATED CAUSES WIRE TO MOVE UP

Fig.7 The motor effect and Left-hand Rule
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Moving-coil meters are made to measure greatly
varying currents. The exact current that a meter will
measure depends upon the number of turns in the coil
and the strength of the horseshoe magnet, among
other things. The sensitivity of a meter is usually
quoted as the current which will move the pointer to
the far side of the scale. This is called full-scale
deflection, or FSD, and may vary from a few
microamperes to several amperes, depending upon
the intended use of the particular meter. The basic

PIVOTED
— SHAFT
N S| | S
HORSESHOE
MAGNET

Fig.8 Basic principle of the moving-coil meter

current-measuring meter is known as an ammeter,
and meters designed to measure currents only in the
milliamps or microamps ranges are called
milliammeters and microammeters respectively.
Ammeters are connected in a circuit by breaking
the wiring at some point and connecting the meter
across the break. The current flowing through the
circuit then also flows through the meter, which will
indicate the current flowing (Figure 10). Itisimportant
to connect the meter the right way round, and the
terminals are always marked with a positive and
negative indication. If current flows through the meter
the wrong way, the magnetic field generated by the
moving-coil is reversed and the pointer will try to move
backward, possibly causing damage to the instrument.
Similarly, the meter must be capable of handling the
maximum current one would expect to find in the
circuit, for if the full-scale value is exceeded the pointer
will travel past the end of the scale. If there is any doubt
about the correct meter to use, the test should first be
made with the highest-rated instrument available.
Meters designed for test purposes, as opposed
to meters dedicated to measuring current in a specific
circuit in a piece of equipment, often provide several
switched ranges. A typical meter found on a service

CALIBRATED SCALE

N i
P‘ZM.QNENT CG{E

MAGNET WITH
SHAPED POLE PIECES

\ MOVING COIL ON
JEWELLED PIVOT

CONNECTIONS
TO COIL

Fig.9 Construction of a moving-coil meter

bench may offer current ranges of 1mA, 10mA,
100mA, 1A, and 10A FSD. The lowest range suitable
for the current being measured should be chosen —
the 100mA range for a current of 35mA, for example
If the approximate current flow is not known, the
highest range should be selected first to avoid
damaging the meter. If the meter shows less than 1A
when on the 10amp range, it is safe to switch down
to the 1A range, and so on. The actual moving-coil
meter only has one range, but resistances are
connected across the meter by the range switch to
extend its measuring capability.

Measuring Voltage

The moving-coil meter has a pointer which moves in
proportion to the current flowing in a circuit, but can
also be used to measure voltage.

Recall that Ohm’s
Law shows that voltage,
current, and resistance are

CURRENT
— i

i
4

£—1
| smmr'

dependent upan one ano-
ther. One version of the
Ohm'’s Law formula shows
that current is equal to BATTERY
voltage divided by res-
istance; if the resistance is
kept constant then current
will vary in direct propor-
tion to voltage. With a fixed
resistance of 1000R, for
example, a potential
difference of 1V will
produce a current of ImA,
2V will produce a current
of 2mA, and so on.

If the resistance of a

— B A7k

~
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AMMETER

CURRENT
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moving-coil meter is
known, it can be used to
measure voltage (Figure

SCHEMATIC EQUIVALENT:

11). The example shows a A LNEETYIETER »r@\)
miliammeter with a full- \;/ =
scale deflection of ImA | 4 =
and aresistance of 2000R. T (674 AMMETER ——{ %
This internal meter “'|'_-
resistance is caused by the !
resistance of the coil, AMMETER (' A"}

through which the current
to be measured

Fig.10 Use of an Ammeter

METER SYMBOCLS

must pass. By applying Ohm’s Law, it can be
calculated that the milliammeter will require 0.2V to
register full scale.

Voltmeters usually employ resistors so that they
may be used to measure higher voltages, and a multi-
range voltmeter uses a switch to select different
ranges. Service type meters may offer 3, 10, 30, 100,
300 and 1000V ranges or something similar

Next month’s installment looks at basic DC
circuits and how resistances combine.

+ @ Rinternal

mhA

1

e

+
- V1 Rinternal = 200R mh

FROM OHM'S LAW | = E = 0.1V = 0.5mA

E=01v
R 200

Fig.11 Using a meter to measure voltage
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TK FOR KITS

GUARD DOG KIT

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 carrect 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, high quality PCB and
all electronic components. Supply 5-15V DC, Will drive our Latch
Mechanism (701 150 @ £16.50) or relay directly,

XK131

IMABLE
LOGK L,
ENROR CUUNTER
TPUT DFER

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

||| speaker.
XK125 £21.95

DLBD0OK 8-way sequencer kit with
built=in opto-isolated sound to
light input. Only requires a box and
- | control knob to complets ....£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 nput allowing audio
‘beal/light response p
013008K 3—channel sound to light
kit, zero voitage switching,
automatic level control and built=in
mic. 1kW per channel ........ £19.55
XK139 Unidirectional chaser zero
voltage switching and built-in audio
input £12.95

ARE YOU HEATING YOUR HOUSE
EVERY SUNDAY
MORNING

when you're nicely tucked up in bed?
Why waste money with your old
timeswitch when you could pragramme
the CTBO0O fo switch your haating on
and off at precise times (including
different times al weekends) and aven
aliow for your regular outingsto walk the
dog!

he CT6000 Clock/Timer Kit which is
easy o assemble and programme is ideal for coniralling am‘ slectrical apphances which need i be
swliched on and off al sat fimes of a daily or weekly basis, The clock s mains powered (with battary
backup) and has a 24Hr LED display (so you can read it in the understairs cupboard) with days of
Ihe week and stalus indicator, four outpuls which can drive relaysor triacs of @ special kit (XK114)
which filsinsidethe box andcontainsa PCE, terminal blocks and one relay with 30240V changever
contacts. Up to 3 exlra retays can be accommodated on Lhe XK114 i required

The kit which comes complete with box, pre-drilled and printed front panel, circuit board, components
and full assembly instructions measures 16x10x55cms. :

CT6000K Clock/Timer Kit £59.95

.............. ic=3d

CT 8000

22080
0000
063060

|oe000%

POWER STROBE KIT
Produces an infense o, &~
A

Iigmgulse ata f’ )
variable frequency

of 110 15Hz =% [fh-%\*\
Includes high quality
PGB, components,
connectors, 5Ws strobe tube and
assembly instructions. Supply:
240V ac. Size: 80x50x45.

XK124 STROBOSCOPE KIT. £17.25

ELECTRONIC WEIGHING VOICE RECORD/

PLAYBACK KIT

This simple to construct and even sim-
pler to operate kit will record and play-
back short messages or tunes. It has <
many uses — seatbelt or light reminder
in the car, welcome messages to visi-
tors al home ar at work, warning mes-
sages in factories and public places, In
fact anywhere where a spoken message
Is announced and which needs to be changed from time to time. Also suitable for toys — why
not convert your daugher's £8 dollto an £80 taking dolil!

S 1z TSy e Mo e RS . 76 X 60 x 15mm
Message time ._. -1-5 secs normal speed, 2-10 secs slow speed
XK129 £25.95

VOICE PROCESE0R

i v 1288 MEMBNY

MICHORHEWE

SPEAKER

8 Kit contains z single chip microprog-
| 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
digital ruler could aiso be made.
ES1 £8

TK ELECTRONICS

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

ELECTRONICS
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£19.95

Optional Parts XX114Relay Kit£6.90, 701312 Relay £1.38, 303 1049V Rechargeable Battery £5.20

ORDERING INFORMATION 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/VisalAccess
No. with order. Giro No. 529314002. Local Autharity
and educational institutions orders welcome. Mail
order Mon-Fri 10am-5pm. Shop Open: Tuesday-
Thursday 10am-5pm. Saturday 10am-4pm.

ORDERS: 081-567 8910

SUPER-SENSITIVE
MICROBUG

VARICAP TUNED
TRANSMITTER

SENSITIVE

PRINTED CRCWHT
AERLAL con

AMPLIF IER

Only 45x25x15mm, Including built-
=in mic. B8-100MHKz (standard FM
radio). Range apppmx_ 300m depend-
ing on terrain. Powsred by 9V PP3
(7mA). Ideal for sunrenlance,ggagg

alarm etc.

REMOTE CONTROL
DIMMER KIT

TOUCH CONTROL
//]:‘\QEI-HEN CHiIP
4 - II

2L~

INFRA RED
PRE AMPLIFIER
i

- HiGH QUALITY

N __pcB
MOULDED™. [ TosAoioaL
FRONT PLATE “SUPPRESSOR CHOKE

Imagine controlling the brightness of your lights
or swilching them on or off from Lhe comfort ol
your armchair! This kit conlains all the
components Irom front panel to the last screw
to enable you to do just thal and fit the shallowest
wall boxes. Max power 300W (not fluptescants)
XK132 £18.95

IR TRANSMITTER
KIT :

Designed lor use wilh the
XK132 and come

complele with a pre-
drilled box. A PP3 9 volt

VERSATILE REMOTE
CONTROL SYSTEM

These kits can switch up to 16 pieces of
2quipment o and oll or contral 16 funclions
depending on the keyboard selected for the
MK18 lransmitter. MK12 receiver has 16 logle
outpuls and operates from 12 to 24V de, ar 240V
a0, via the iranaformer supplied, The MK18
requires & By nart_?er and keyboard. Grear for
5,

controlling lghis, , garage doors ele
i £18.55

PROPORTIONAL TEMPERATURE
CONTROLLER KIT

Uses 'burst fire"
technigue to
maintain
temperature to
within 0.5°C.
|deal for
photography,
incubators, wine

making, etc

Maximum load 3kW (240V AC).
Temperature range up to 60°C.

Size: 7x4x2.5cms. XK140 .........E6.95

24 HOURS
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A SIMPLE SSB

ECEIVER

communications receiver is not the only

way that a newcomer to short wave

listening has of breaking into the amateur

bands. It is reasonably easy to construct

a direct conversion receiver for the 20
metre amateur band with three FETs and two
integrated circuits that produces less:noise than that
received as background noise from a long wire or
dipole antenna. With such simple equipment it is
possible to receive transmissions from Australia and
New Zealand without difficulty.

However what about the lower frequency bands?
In this instance the background noise is higher so the
sensitivity required from the simple receiver is much
less than that for the 20 metre band. Thus with a lower
gain requirement the receiver can be made simpler
still, in fact consisting of one discreet transistor and two
ICs along with three coils and 44 other components.
The circuit is not an original but based on an old design
in Solid State Design for the Radio amateur that can
no longer be reproduced as many components are
no longer available,

- David Silvester

little receiver for the
s

constructs this bandy i

Fig. 1. Circuit diagram of SSB receiver.

NOTE:

470R

IC1 = CA3046 TRANSISTOR ARRAY
PINS INDICATED NEXT TO TRANSISTORS
IC2 = TBA820M

2D1 = 8V2 ZENER

R15 AND C21 NOT USED
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PBIJECT

HOW IT WORKS

VC1 313 BMHz. Am his.
inge of thi ng fo 2 level
 the parallel

the

inductor transforms the npULIrp:
such that the tuned cireuit |

capacitance of VC2 and C3 form
same frequency, These two are coupled by a small capacitor
form a bandpass filtet to select the 80 metre band from the full
frequenc hatthe antenna presents. The output side of L2 has
twa wmdmgsthat oduce ase outputs for thefirst active stage
thatforms the mvxar/am Inductor design details are covered
later in the text, - :

* All'of the transastors except for the PNP transistor Q1 are part
of aCA3046 transistor array within & 14 pin dualinline IC package.
The CA3046 consists of a differential pair and thres other separate
NPN transistors of which one is unused and has all of it's terminals
connected to ground, In Fig 1 these transistors have their IC pin
numbers next to the terminal,

The resistor.chainR1-to R3 prevides a set of voltages 10 set up
the DC condmons for the mixer/amplifier stage. About 1.45 volts is
presented to the base of the batrom transist ,;f’ﬁmﬁl andif we ignore
the RE signal that comes through €22 for the moment, this fixed
voltage causes & constant current to flow in the transistor. This
currentis set by the valte of R6, At the junction of R1 and R2 anather
fixed voltage of 4.5V biases the bases of the differential pair via the
output windings of L2 Due to.the Use of the CA3046 array the
differential pair will be made from two very similar transistors, much
more alike than two separate transistors could ever be made Because
of this balance the current from the lower transistor's collactor {pin)
will split equally between the transistors in the differential pair, giving
avoltage at the two callectors of about 7.5V, Now et us add the RF. -
signals to this circuit. With the antenna connected, twa antiphase
signals at 3.6MHz pass to the differential pair and by the nature of
this circuit the differential signal is amplified whilst' any signals
commaon to both inputs will be ignored.

If this sounds rather like the charactéristics of an op-amp then
you will not be surprised to hear that all up-&'npshave differential palrs
for their input stages.

Invthe case of the radia receiver mixer, the cument thatis supplied
by the lower transistor is varied at a rate contralled by an oscillator
based around L3. Thus the differeritial pair transistor has two RF 0

- two signals and of the possible outputs the audio signalis selected

. frequency the oseillator produces. 201 and R17| provide sﬁbnh@ad I

-~ signals whilst passing the DC signal. C19 couples the base of the

sagnals presented tait, one at the base from the antenna end another
from the emitter from the oscillator, The differetial pair mixes the ;

outby the low pass filter of C7, R7 and C9. This AF signalis amplified

by 2, passes through the volume controf and to the TBAB20M audic

power amplifier IC2 that powers the loudspeaker or headphones.

It should be obvious that in a direct conversion receiver both the
antenna, the band pass fifter and the oscillator are designed:
same frequenicy, and thusitis possible for feadback wm'mﬁmtmut:'-;z
transistors 10 allow some of the oscillator signal to leak out of the
antenna. The most important advantage of using the dlffereuttat
amplifier/mixer is that the oscillator voltage is presented equaliy to
hothsmmarsandanyfeedback will give equal vnltaqasarthebasas

out of the anten =i
The oscillator is  fairly standard Electron Coupiad Hm design
with feedback to a tap on the coil. R20 and R21 bias the hase of the
transistor at sbout half supply voltage whilst R19 and C20 form afier
to prevent any voltage variations in main supply potential affecting
the oscillator frequency. The oscillator frequencyis set by thetuned
circuit of VC3 and VC4. You will note that a C21 is alsoincluded as
part of the capacitance but in practice it wasnot iaunﬂnhcessarv.: :
toadd any additional capacitance at 3.6MHz. Thecircuit can however
easily be retuned for other frequencies and then C21 will be needed,

- With such possibilities in mind it was decided to leave C21 onthe

schematic drawing. VC4 is a dual variable: capacitance diode, the
capacitance of which is controlled by the voltage suppﬁad byRVZ
Variations of voltage by affecting the diode’s capacitance vary the-

voltage at the upper end of AV2. The value of R16is chosen so
when turning the potentiometer RVZ averit's full range the oscilla
will tune over the B0 metre band. R18 and €18 isalate RV-2-from RF

oscillator transistor tothe tuned circult and R22 couples the feedback,
R22 also sets up the standing current in the transistor and helps fo.
reduica the level of feedback so the the oscillator signalis a cleansine
wave. The outputaf the oscillatoris taken from asecond windingen
the coll, through an isolating capacitor to the | m:xer s lower stage.

Coil Winding Details

The input coupling from the antenna to the first active
stage is through two inductors that have to be wound
on Micrometals T68-6 torroids. The advantage of
using these torroids is that the inductance produced
is directly proportional to the square of the number
of turns used on the coil. In the literature the
inductance for a 100 turn winding is given from which
it is easy to calculate the number of turns needed for
the coil to be made. As a result of the torroidal form
it is difficult for signals to couple inductively to the coil
and this helps prevent interferences.

The first stage is L1 in parallel with C1 and VC1.
A tap on L1 gives a transformation of the low
impedance that the antenna presents to a level that
will give a reasonable Q to the filter circuit. To wind
this coil take a 2ft piece of 26SWG enamelled copper
wire and at a point about 8 inches from one end bend
the wires together and twist them together for about
Zinches. Take the twisted section and with the shorter
of the two wires downwards bring the shorter end up
through the torroid, and the longer end downwards
locking the wire onto the torroid. Continue the
winding so that the shorfer end forms 5 turns passing
through the torroid. The longer end is wound through
25 times to form the whole of L1. In the radio the short
end goes to ground, the twisted wire is the antenna
connection and the remaining end connects to the
capacitors.

L2 also consists of 30 turns on a T68-6 torroid but
the input impedance of the differential amplifier is
such that the amplifier input will not load the tuned
section. L2 is made from three 2 ft. pieces of 30SWG
enamelled copper wire twisted together and wound
simultaneously on the torroid. In this case it is
important to identify the start and end of the three
windings after completing the inductor. The easiest
way to do this is with a multimeter on ohms range.
The circuit board is arranged so that the starts all come
to one side of the torroid and the ends to the other.

Construction

On the circuit board the upper surface of the board
forms the groundplane and the remainder of the
connections are on the lower surface. If the
constructor decides to make his own board then a
double sided board is used but only one side is etched
and there is no need for the registration of two masks.
The photoresist is left intact on the upper surface or
the board is coated so that the copper layer will not
be removed during etching. After etching, all of the
holes are drilled and the through track pins are
inserted into the four holes that need them. These
holes are at the end of the short tracks from the battery,
the loudspeaker, the volume control and the coil L3,

After making these four connections the
groundplane is removed from around the rest of the
holes to prevent the pins shorting to ground. The
author uses a small drill for this.
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All of the other ground connections are made by
soldering to the upper groundplane. If we look at IC1
then pins 12, 13 and 14 are bent outwards so that
when the IC is inserted these pins rest on the
groundplane whilst the rest pass through the board
to the lower tracks. These pins are shown as lines on
the component layer of Figure 2 and you will notice
that there is no corresponding pad on the track layer.
Similar lines mark the groundplane connections of
many of the other components.

Because many components are soldered to this
groundplane it is necessary to start construction from
the centre of the board and work outwards as this
prevents the possibility of damaging one component
whilst trying to solder another. A good starting point
may be in the area of C22.

Contrary to normal amateur practice it will be
necessary for the semiconductors to be soldered to
the board in the middle of construction rather than
as the final stage. There is no problem in this providing
care is taken and the constructor ensures that the
soldering iron has it’s bit earthed via the mains lead.
All of the components can be placed using Figure 2
and the components list. Where the component is to
be soldered to the upper surface then the wires will
need to be bent so that one passes through the board

bared and soldered to the pad on the lower surface.
The outer screen tags are both soldered to the upper
groundplane.

It will be easy to test the radio on a benchtop prior
to installing in a case as it is easier to make alterations
and correct errors with the unit out of its case. Of
course after the unit is boxedthe radio frequency
range will change slightly due to capacitive coupling
to the case and the radio will need to be retuned
although the adjustments will be slight.

The prototype was mounted in a diecast box.
Plastic PCB stand-offs fit into holes in the board and
the other ends are stuck into the box after drilling of
the holes for the potentiometers and the power,
loudspeaker and antenna sockets. The author tends
to use the box upside down with the lid at the bottom
and having a set of rubber feet fitted to prevent the
box moving whilst tuning is in progress. Layout is not
too important providing the leads are kept as short as
possible.

Testing

With only three variable items other than the main
controls it is easy to adjust the radio. Firstly set RV3
to a position where the vanes are half meshed and
turn the ten turn potentiometer fully clockwise. There

ANTENNA
CONNECTION
FOR GROUND
? (SEE TEXT)
e
L.
-
) =X _
——— e cg;:;q- 3 4
LOUDSPEAKER x .
- : Loy
—— i
ov

Fig. 2. Component overlay for the receiver.

VOLUME
CONTROL

Note — Groundplane connection indicated by line from component

TEN TURN
POTENTIOMETER
FREQUENCY
CONTROL

BATTERY
OR PSU

b e et

to the lower tracks whilst the other has about 3-4mm
of wire on the top surface. Soldering is tricky as the
component needs to be held still whilst the
groundplane end is soldered but it tends to twist
around the hole for the other wire. The large surface
of the upper groundplane also acts as a magnigicant
heatsink and if the soldering iron is too small or of a
low power the solder will not attach correctly to the
groundplane leaving a dry joint which has a disastrous
effect on the circuit operation. All that is necessary is
to wait until the solder is seen to flow out over the
groundplane rather than forming a ball on the surface.

After fixing the components, attach wires for the
battery supply, the loudspeaker, the volume control
and the ten turn frequency control pot. Ensure the
wires to the pots are connected the correct way round
or they will not work in the way expected. The ground
connection of the volume control is to the
anticlockwise end and the ten turn pot is connected
with the anticlockwise end connected to R16. The
antenna connection is made by removing the outer
insulation of a piece of coax cable and winding the
outer screen into two tags. The centre conductor is
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is an adjustable core for the inductor L3 but this should
not be altered. With these settings we need to check
the oscillator frequency. The aim is to set the
frequency to 3.8MHz. The way of doing this depends
on the equipment available. The easiest of course is
a frequency counter or an oscilloscope. A lower cost
alternative is a reference frequency source which
produces signals at fixed frequencies. With such a
source set the output on megahertz steps and tune
VC3 until a signal is heard. This will correspond to a
received signal of 4MHz. Switch to 100kHz steps and
the signal should remain. Now turn VC3 so that the
vanes become more meshed and count back three
signals. The high end of the radio will now be set on
3.8MHz. The low reception frequency can now be
found by turning RV2 slowly anticlockwise and
counting the 100kHz steps. The radio should reach
and go slightly below 3.5MHz.

The Antenna

The final stages of tuning requires that an antenna is
connected to the receiver, it being assumed that the




drilled at the end to take a screw, solder tag and nut
to form the earth connection and is hammered into
the ground. A length of coax cable is bared and the
outer screen connected to the solder tag whilst the
central conductor is attached to a long length of
enamelled copper wire. The enamelled copper wire
is then taken upwards to a convenient point, in the
authors case a string from an upstairs window, and
then along the garden to another piece of string that
forms the end of the antenna. Such a simple wire
antenna will receive a large number of stations around
Europe although if the wire length is tuned for the 80
metre band then reception will be better due to input
matching. However if your garden like the authors is
too small for a full 80 meter dipole then the simple
wire will do. Once the antenna is up and connected
the final part of tuning the receiver is to tune the input
filter by turning CV1 and CV2 to get the loudest signal
from a station.

For such a simple receiver it is surprising how well
it works, better than the author had expected. Due
to the simple design with only three tuned circuits it
is not too difficult to modify the rig to work on other
amateur bands although as frequency increases the

problem of oscillator drift become more acute and the

constructor does not have an RE signal source. Inthe  maximum should be limited to the 20 metre band.
simplest case all that is required is an inverted L  Whatever band the radio is built for it will provide
antenna. A 2-3 ft. section of copper water pipe is hours of enjoyment.
PARTS LIST

RESISTORS {all 0.25W metal film) €12 220p ceramic

R 6k8 C1314 100 electrolytic

R2 4T C1s 220n ceramic

R3.4.59 2k2 C16 2204 electrolytic

R619.22 - 470R 19,22 22p ceramic

R c2 Not Used

RB .- 100R 23 100 electrolytic

MQAZ= = In CV1.2 6 to 60p trimmer

R13 56R Cv3 310 30p trimmer

R14 1RO Cv4 KV1236 dual variable capacitance diode

R15 Not Used BB212 suitable with board modification

RI16 15k

R17 22R SEMICONDUCTORS

R18,20,21 22 iC1 CA3046 transistor array

RV 10k log volume control €2 TBABZOM

RV2 5k ten tumn potentiometer 0 8.2V 400mW zenner diode

CAPACITORS MISCELLANEOUS

C13 330p ceramic Li-and L2 wound on Micrometals ferrite cores T68:6, See text for

c2 47p ceramic desails

C204,56,7,917 L3 TOKO 154ANTAB40EK coll

18 0.1y ceramic LS'1 8R loudspeaker or low impedance headphones.

E ca 101 10u electrolytic 10 turn potentiometer knob with indicator

BLUE

ROSE

ELECTRONICS
NEW 1991

SURFACE MOUNT SUPPLIES

CONTAINS NEW RANGE OF SM KITS
FULL RANGE OF COMPONENTS

& SM HARDWARE
GCATALOGUE SEND £1.50 (inc P&P) FOR
00’-”0w' CATALOGUE & KIT LIST
L ]
Mail Order Address: 538 Liverpool Rd, Great Sankey, Warrington, Cheshire WA5 3LU
Telephone: 0925 72 7848 (Callers by Appointment)
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MONITORS

MONOCHROME MONITORS

THIS MONTH'S SPECIALI
There has never been a deal llke this onel
Brand spanking new & boxed monitors
from NEC, normally selling at about £1401
These are over-engineered for ullra
reliability. 9" green screen composite Input
zawd with etched non-glare screen plus switch-

able highlow Impedance input and output
for dalsy-chaining. 3 front controls and 6 at rear. Standard BNC

sockets. Beautlful high contrast screen and attractive case with

I canrying ledge. Perfect as a main or backup monitor and for
quantity usersl  £39.95 each (D) or 5 for £185(g)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

Zenlth ZVM-1240-EA brand new & boxed 12" amber flat screen
with optional swivel and tllit base. Sunfiex filter with dark tint.
Standard TTL PC compatible. 18 mhz bandwidth. Very attractive
“state of the art" lapered grey case. Standard 9 pin D plug
(supplied) on 1 metre cord and malns cord terminated with IEC
connector. 240 volts complete with operations manual. Free
swivel/tiit base. An absolute gift at: £50 (D) 10/£500 (G).

COLOUR MONITORS
Decca 16" 80 budget range colour monitor. Features a PIL tube,
beautiful teak style case and guaranieed BO column resolution,
lzatures usually seen only on colour monitors costing 3 times
aur prical Ready to connect to most computers or video outputs.
750 composite inpul with integral audio amp & speaker. Fully
tested surplus, sold in little or hardly used condition with 90 day
full RTB guarantee. ldeal for use with video recorder or our
Tetebox ST, and other audio visual uses. £99(E) 3/E275(G)
20", 22" and 26" AV SPECIALS
Superbly made UK manufacture. PIL all solid state colour
monitors, complete with composite video & sound Inputs. Attrac-

tve teak style case. Perfect for Schools,Shops,Disco, Clubs.
In EXCELLENT litfle used condition with full 90 day guarartee.

20"...£135 22"....£155 26"....£185 )
HI-DEFINITION COLOUR MONITORS

Brand new 12" mutllinput high definition
culour monitors by Microvitek. Nice tight |
0.31" dot pitch for superb clarity and
modem metal black box styling. Operates
trom any 15.625 khz sync RGB video
source, with elther individual H & V syncs
such as CGA 1BM PC's or RGB analog ™
with composite sync such as Attari, Com-
modore Amiga, Acom Archimedes & BBC. Measures only 14" x
12" square. Free data sheet Including connection information.

o £143

Brand new Centronic 14" monitor for BM PC and compatibles

IBM KEYBOARD DEALS

p keyboard, swilchable for IBM PC,
PC-XT or PC-AT. LED's for Caps,Scroll & Num Locks, Standard
lish & US markets.
th manual and key
template for user slogans on the funclion keys. Aftractive

A replacement or backu
84k rd layout. Made by NCR for the E
Am:ﬁ:l;stundald,ﬁ ind new & boxed

ben;tf'gm and cream finish, with the usual retractable |
undemeath. A generous length of curly cord, terminating In t

standard 5 pin DIN piug. A beautiful clean plece of manufac-

turers surplus. What a deall (B) €175 (D)

Brand new and boxed 84 key PC/XT type keyboards In standard
IBM grey with very attractive mottled finlsh and “clicky™ solid feel
keys. 10 function keys on side. English layout and £ sign. Green
LEDs for Caps, Scroll & Num locks. £29.95 (B) 5/£135 (D)

L

NEW 5% inch from £29.951
Masslve purchases of standard 514" drives enables us to Rack 1 Complete with removable side panels...... £375.00 (G)

present prime product at Industry beating low pricesl All units
(uniess stated) are removed from often brand new equi n':iaﬂ

y
dc, are of standard size Power One SPL200-5200P 200 watt (250 w peak).Semi open

and are fully tested,aligned and shi
guarantes and rate from +5 & +
and a the standard 34 way connector.
TAN TM100-2A IBM compalible DS 239.&5)1(}
CANON,TEC etc.DS half hi.State 40 or 80T ET9.00(C
TEAC FD-55-F.40-30 DS half height. BRAND NEW £79.00{C

% Sgeccale! &

TEAC FD-55 hall height series In your cholce of 40 track

double sided 360k or BO track double sided 720k. Ex-aquip-

ment fully tested In excellent condition with 80 day warranty.
r TE-36 for 360k £29.95({C) or TE-72 for 720k £39.95(C

CHOOSE YOUR 8 INCH!
Shugart BOVBO1 SS refurbished & tested

to you with a

J (NSCOUNTS ON HIGHER QUANTI !
FLOPPY DISK DRIVES
BARGAINS GALORE !

Superb Quality 6 foot 40u
19" Rack Cabinets

Massive Reductions
Virtuaily New, Ultra Smart!

Less Than Half Price!

Top quallty 19" rack cabinets made in UK
by Optima Enclosures Ltd. Units feature
deslgner, smoked acrylic lockable front
door, full height lockable half louvered back
door and removable side panels. Fully ad-
Justable Internal fixing struts, ready
punched for any configuration of equipment mouniing plus ready
mounted integral 12 way 13 amp socket switched malns distribu-
tion strip make these racks some of the most versatile we have
ever sold. Racks may be stacked side by side and therefore
require only two side panels or stand singly. Overall dimensions
are 77-1/2"H x 32-1/2"D x 22"W. Order as:

Reck2 _Lsss side panel £225.00 (G
POWER SUPPLIES

frame giving +5v 36a, -5v 1.5a, +12v 4a (8a peak), -12v 1.6a,
+24v 4a (6a peak). All outputs fully regulated with over voltage
protection on the +5v output. AC input selectable for 110/240
vac. Dimsi3” x 5" x 2.5". Fully guaranteed RFE. £85.00 (B)

Power One SPL130. 130 watts. Selectable for 12v (4A) or24 v
(2A). 5v @ 20A.1 12v @ 1.5A. Switch mode. New. £59.95(B)
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @
2a.-12v @ 0.1a. 6-1/4" x 4" x 1-3/4" New £19.95(B)
Greendale 19ABOE 60 watts swilch mode.+5v @ 6a,+12v @
1a,415v @ 1a. RFE and fully tested. 11 x 20 x5.5cms. £24.95(C)
Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v

£150.00(E) @ 153,-5v @ 1a,+12v @ 6a.27 x 12.5 x 6.5cms.New.

Shugart 851 double sided refurbished & tested ~ £225.00(E) £49.95(C)

Mitsubishi M2894-63 double sided swilchable
hard or soft sectors- BRAND NEW

£250.00(E)
SPECIAL OFFERSI!

Dual 8" drives with 2 megabyte capacity housedin a smart case

with built In power supplyl
D e B e a5
of line purchase rand new W
megabyte of hard disk storagel Full CPU control and Industry
standard SMD Interface. Ulira hl speed transfer and access time
leaves the good old ST506 Interface standing. In mint condition
and comes complete with manual. Onfy........................ £399(E)

MAINS SUPPRESSORS & FILTERS

Roxburgh SDC 021 2 amp malns RFI filter. Has an extra wide
frequency range of 150 khz to 30 mhz. Can type, solder lug
connection, Quality manufactured to BS 613 standards. Dims
{-1/2"0 x 1-3/4"........... £3.05 or 3 for £10 (A) 10 for £23 (B}

2t a lower than ever pricel Completely CGA equivalent. Hi-res FAoxburgh SDA 013/25. Similar to above raled at 1-1/2 amps.
Mitsubushl 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz Dims 1-1/2"Dx 1-3/4"H....£3.25 or 3 for £8.50 (A} 10 for £25(B)
sandwidth. A super monitorin afiractive style moulded case.Full Suppression Devices SD5 A10. Extra compact general pur-
90 day guarartee. Only £129 (E) pose suppressor. Plastic moulded case with single bolt fixing
NEC CGA IBM-PC compatible. High quality ex-equipment fully and snap conneclors. Rated at 230 vac 6 amps, Dims 1-3/4"L
tested with a 90 day guarantee. In an attractive two tone rbbed X 1-1/B"W x 5/8"H...........£3.85 or 3 for £10 (A) 10 for £23 (B)
grey plastic case measuring 15"L x 13"W x 12°H. A ferrific Belling-Lee type L2127 3 amp malns RF fiiters. Has a buiitin

purchase enables us to pass these on atonly... £79 (g

9 7J2r278 14" Colour
Multisync/Multifunction

Never before has such a deal been struck to bring you this
quality Japanese manufactured multisync, multifunction
professional grade moniltor at an unheard of low pricell The
Blectrohome ECM1311 with its host of inputs will connect to
most computer systems including: IBM PC/XT/AT/PS2 (CGA,
EGA, PGA, VGA modes) Atari, Archimedes (up to SVGA),

i i manitor with
Commodore, BBC and many more. Many otherfeatures Indude: - Quality 12v 4ah cell pack, Originally made forthe TechnICOIOIOr Ly s commie core Do s oo VLIE & UHF ool
RGB analog & TTL inputs, separate horizontal, vertical, com- video company. Contains 10 GE top quality D nicad cells in a

posite and sync on green Inpuls; auto 15 to 36khz operation;
9.31mm tube dol pitch; tinted non glare elched screen & 30 mhz
sandwidth makes this item an absolute snipll Current makers
list price over £900 | Each supplied with data, fully tested In
usad good condition with full 80 day RTB guarantee. Quantity
discounts avaliable. Will alsa function as quality TV with our RGB

T £179 6

V22 1200 BAUD MODEMS

Master Systems 2/12 mic r controlled V22 full duplex
1200 baud modem. Fully BT approved unit, provides standand
V22 high speed data comm, which at 120 c?s can save your
phone bill and connect time by a staggering /5%l Ultra slim 45
mm high. Full featured with LED status Indicators and remote
eror diagnostics. Sync or Async use; speech or data switching;
bullt in 240v mains supply and 2 wire cannection to BT. U

are |n used but good condition. Fu!&tamed prior despatchawith
data and a full 90 day guarantee. What more can you ask for -

and at this pricell ONLY £69 (D)

malns cable (English coding), and a three pin miniature non-re-
versible socket and a mating plug, to go to the equipment. Ideal
for those who are bugged by RF Interference. Very compact.
Dims 3-1/8" x2.56" x 1.5".. ...£3.95 each or 3 for £10 (A

LEAD ACID

intenance free sealed long life. Type A300.
12 volts 12 voits 3 urs E13.95(A)
Bvolts 6 volis3 am) s £ 9.95(A
12 volts Centre tapped 1.8 amp hours, RFE. £ 5.95(A
12 volts 12 voits 38 amE hours.7-1/27L x6"S.AFE £35.00(B
NICKEL CADMIUM

smart robust case with a DC output connector. ideal foirrortabie
equipment. Brand new. 9

.95(B)
Ex-equipment NICAD cells by GE. Removed from equipment
and In good, used condltion: D size 4ah 4 for £5(B)

F slze 7ah 6 for £8(B!
SPECIAL INTEREST

Tekironix 1751 Wavelorm/Vector monitor

Trio 0-18 wdc bench PSU. 30 amps. New

DEC VAX11/750 Inc. 2 Ram DZ and full docum-
entation, In brand new condition

Fujitsu M3041 600 LPM band printer

DEC LS/02 CPU board
Calcomp 1036 Jarge drum 3 pen plotter

¢ 470 cpl in Pica, 163 in Elite. Friction or traclor feed. Full ASCHt

2950 With full 40 characlers per line. Complete with dala sheet which
¢ 150 Includes circuit diagrams for simple driver electronics.,
¢ 650 Centronics 150 series. Aiways known for their reiiabilty In

Bosherl 13090.Switch mode.ldeal fordrives & system. +5v@ 6a,
+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29 95(B8)
Famell G6/40A_ Switch mode. 5v @ 40a.Encased £95.00(C)

COOLING FANS

Plea:se specify 110 or

AG. 112" thick
AC ETHI slimline.Only 1" thick.
AC 110/240v 112" thick.
AC 112" thick
AC round. 312 thick. Rotron 110v
As above but 230 volts

DC 1" thick.N0.B12 for 6/12v.814 24v.
DC 5 v. Papst 8105G 4w, 38mm. RFE.
DG 12v. 18 mm thick.

DC 12v. 12w 112" thick

DC 24v Bw., 1" thick,

THE AMAZING TELEBOX!

Converts your colour monitor into a
QUALITY COLOUR TVI
TV SOUND
& VIDEO
TUNER!

Brand new high quality, fuily cased, 7 channel UHF PAL TV tuner
system. Unit simply connects to your TV aerial socketand colour

deo monitortuming same into a fabulous colour TV. Dont worry
If your monitor does'nt have sound, the TELEBOX even has an
integral audio amp tor driving a speaker plus an auxillary output
for Headphones or Hi Fi system etc. Many other features: LED
Status Indicator, Smart moulded case, Mains powered, Built to
BS safety specs. Many other uses for TV sound or video etc.
Suﬁl:d BRAND NEW with full 1 year guaraniee.
T x ST for composite video input monito
Telebox

STL as ST but with integral speaker.
RGB for anal RGB monitors...

alog and composite sync. Oversaas versions YHF & UHF call.
SECAM / NTSC not available,

BRAND NEW PRINTERS

TEC Model FP1500-25 dalsywheel printer renowned
for its reliability. Diablo gpe prinl mechanism gives superb
regisiration and quality. On board microfmcessor gives full
Diablo/Gume command capability. Serial RS-232C with full

handshaka. Bidirectianal 35 ops; switchiable 10 0112 pltch, 136

includi

£ sign. Font and ribbon Diablo compatible.........E199(E)
DED D

miniature ball point pen printer plotter mechanism
EA8(B)

coniinuous use - reai workhorses in any environmeni. Fasi 150
b g Aol gt i £ o5 ops with 4 fonts and choics of inferfaces at a fantastic pricel
Toktronix R140 NTSC TV test slgnal standard. £ 875 1584 Serial up to 9.5" paper, fan fold raclor.............E 99,00(E)
Sony KTX 1000 Videotex system - brand new ¢ 790 150-4Seraluptn 8.5 aper, tractor, roll ors/sheet.....£129.00(
ADDS 2020 VDU terminals - brand new ¢ 295 152-2 parallef up to 14.5% paper, traclor or s/sheet.....£149.00(
Sekonic SD 150H 18 channel Hybrid recorder £2000 CALL FOR THE MANY OTHERS IN STOCK.

Trend 1-8-1 Data transmission test set
Kenwood DA-3501 CD tester, laser pickup simulator

H VISIT OUR SHOP FOR BARGAINS

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOW!

LHSFLHY

MAIL ORDER & OFFICES
Opan Mon-Fri 8.00-5.30
Dept ET, 32 Biggin Way,
Upper Norwood,
Lendon SE19 3XF.

Al prices for UK Mainland.

bargains!
Open Mon-Sat 9-5.30
215 Whitehorse Lanse,
South Norwood,
London, SE25.

1000's of [tems+
300 bd 081-

+

order £25, Carriag

DISTEL @ The Orlginal
Free dlal-up database!

UK customers add 15% VAT to TOTAL order amount. Minimum order

ALL ENQUIRIES
081-679-4414

Fax- 081-679-1827
: Telex- 884502 S
0. PO orders from Goverrment, Universities, Schools & Local Authorities

info On Line
a.

1

(A)=£2.00, (B)=£4.50. (C)=£8.50. (D)=£11.50. (E)=£14.00 (F)=£18.00 (G)=Call . Al goods supplied subject to our
standard Conditions of Sale and unless otherwise stated guararteed for 90 days. All guarartees on a retumn to base basis.We reserve the right to change prices & specifications

without prior notice. Ordsrs acoepied subject to stock. Quotations wilfingly given for higher quantities than those stated. Bulk surplus always required for cash.




James Archer

continues his look at

the American

approach to higher TV

standards

HIGH DEFINITION
TELEVISION

ACTV-II Full HDT'V in a compatible manner

MOD

n the previous section it was mentioned that
ACTV- is an enhanced definition system
rather than a full quality HDTV, but benefits
from being fitted into a single 6MHz NTSC
channel. Further developments has led to the
creation of ACTV-Il a full HDTV system, which uses
an extra 6MHz channel for augmentation signals
which improve the pictures carried by the ACTV-I
system. So ACTV-Il is an ACTV-I picture plus extra
information on another channel, and fully compatible
with both NTSC and ACTV-I receivers. Figure 6
shows the basic principles of how the ACTV-II system
operates.

The ACTV-II source picture is a 1050-line, 60
frames per second, 2:1 interlaced HDTV picture.
Firstly, the source picture is compared with the ACTV-
I picture derived from it To reconstructed the ACTV-
[ picture it is necessary for the ACTV-II encoder to

contain an ACTV-I decoder. This takes the ACTV-I
component signals and reconstructs them into the
form that they would have in a widescreen 525-line
progressively scanned EDTV receiver. These compo-
nents are known as Y, I and Q (Figure 6).

These reconstructed signals are then subtracted
from the component signals of the original HDTV
source picture, Y, I, and Q on the diagram, and the
result represents the difference between the original
picture and the ACTV-I EDTV picture. These differ-
ence signals will include the lost resolution from the
conversion process and any spurious signals created
in the conversion process. If this information could be
sent to the receiver, it could enable the receiver to
reconstruct a full quality 1050 line HDTV picture, but
unfortunately the difference signals require a band-
width of about 20MHz, and are too wide to be carried
along even a 6MHz augmentation channel. Some
means must therefore be found of compressing the
difference signals to fit into a 6MHz channel.

Whenthethe Y'l’ and Q' signals are subtracted
from the Y I and Q signals, the resulting difference
signals, shown as §Y, 8l and 6Q on the diagram, have
bandwidths of 20, 10 and 10MHz respectively. These
are called ‘augmentation signals, and they must be
compressed and multiplexed to fit into the 6MHz
baseband channel. Figure 7 shows how the
compression of the 8Y signal is acheived.

The 20MHz &Y signal is filtered and split into
three separate bands of frequencies (figure 7).
Frequencies above I8MHz do not pass through the
filters, and are effectively discarded. The lowest
frequency band is from O to 6MHz, and is called the
Y|, signal. The next two bands, from 6-12MHz and
from 12-I8MHz are frequency shifted down to DC by
beating them with signals at 6MHz and 12MHz
respectively, and then they are passed through low-
pass filters so that we end up with two signals, each

¥
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Fig. 6 Principles of ACTV-Il system
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taking up from 0-6MHz. The two signals are then
multiplexed line by line, to give a 6MHz wide signal
called Y. The resulting two signals 8Yyy and 6Y
are then multiplexed together into another 6SMHz wide
signal, Y, ,LH. The two signals Y, and &Y} are
then treated differently according to whether still or
moving parts of the picture are being transmitted.
When still areas of the picture are being transmitted
the two signals §Y, and 8Y; are multiplexed frame by
frame, but on moving pictures only the §Y, signal is
transmitted. To switch between the two cases, ie.,
stationary or moving parts of the picture, a signal
called a ‘binary motion signal is used this is derived
from the vertical-temporal luminance ‘helper’ signal
or by examining the differences between framesin the
ACTV-I signal. The output signal is then further
multiplexed with the compressed 8l and 6Q signals,
which are derived in a similar way, the resultant being
a single 6MHz signal which is split into alternating lines
and expanded in time to produce two 3MHz wide
signals. These two signals quadrature modulate a
radio frequency carrier signal which is placed at the
centre of the 6MHz wide augmentation channel.

Other possible augmentation signal
technigues
The engineers at the David Sarnoff Research Centre
are currently considering other types of augmentation
signal. Although we have so far shown how the
ACTV-I signal has been packed with extra information
and the ACTV-Il augmentation signal has been com-
pressed from 20MHz to make it fit into a 6MHz
channel, and we have implied these processes can be
carried out without any corresponding disadvantages,
in reality the processed signals will have less
redundancy and be less robust than the originals. If
the augmentation signal could be digital instead of the
compressed analogue signal, it should be more
rugged, and studies are under way on this. One idea
would be to digitise the analogue augmentation signal
This requires a great deal of data compression to fit
the signal into a 6MHz channel, and might then be
just as susceptible to errors as the analogue signal.
Another, more futuristic idea from the research
centre, is that the 6MHz channel should be used not
as an augmentation channel, but as a channel carrying
all the information necessary to create high-definition

0-8MHz a¥L
—| HORIZONTAL »
LOWPASS 0-EMHz
LOW/HIGH
3 o DETAIL MUX |
A2MHz g 0 V/C
o HORIZONTAL [—! SHIFT TO DC b AL ON MAP K
. - 0-6MHz
20MHz BANDPASS 0-6 06 (SEE BELOW)
MH MH
LINE L
MUX | 0-8MHz
12-18MHz
Lo HORIZONTAL |—a=! SHIFT TO DC S e -
BANDPASS 06 0-6
MHz MHz
BINARY MOTION SIGNAL
The ACTV-II receiver. pictures at the receiver. There is obviously not enough

The ACTV-Il receiver is tuned to the main signal and
a separate tuner section automatically receives the
signals coming along the augmentation channel;
information about the frequency of the auxiliary radio
frequency signal can be carried in the ACTV-I signal.
For the augmentation signal the odd and even lines
are quadrature demodulated, and the 6Y, 8l and 6Q
signals are processed differently according to whether
they carry information about still or moving areas of
the picture. After appropriate time expansion and
demultiplexing the augmentation information compo-
nents are added to the components of the ACTV-I
picture that has been received on the main channel,
and the result is a picture which can have some I8MHz
of horizontal luminance resolution in still areas, and
about 6MHz in moving areas, the corresponding
chrominance figures being 2.4MHz and 1.2MHz.

Progress with ACTV-II

The description of ACTV-l is intended only to explain
the principles of the system; the final format of this
signal has not yet been confirmed, and other tech-
niques for constructing the augmentation signals
could be developed. Figure 6 shows the ACTV-I signal
will be transmitted by the main transmitter which
provides signals for NTSC.EDTV and HDTV
receivers, whereas the augmentation signals are
transmitted by an auxiliary transmitter on a different
frequency, and these are only of use to HDTV
receivers.
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bandwidth available in @ 6MHz channel to carry an
HDTV picture, but the idea is that the channel could
be used to carry a digital signal that represents a
complete high-definition still image. A series of such
images would be sent at a reduced temporal sampling
rate, together with some extra digital information
describing the ‘motion vectors’' corresponding to
moving parts of the image. In the receiver a series of
still images would be received at a frequency con-
siderably less than the normal frame rate, and the
receiver would use the motion vector information to
calculate the positions of the moving parts of the
picture, and would then synthesise a complete series
of moving images. Although such atechnique might
work, it seems that much more research effort will
have to be put into it before it leaves the drawing
board, and if the other techniques are considered to
be ‘putting a quart into a pint pot, then this idea would
be squeezing in a whole gallon!

Entry — Level ACTV

The introductory system, ACTV-], which has been
described, provides Enhanced definition television in
a compatible manner, within the normal NTSC 6MHz
radio frequency channel; a full HDTV system can only
be achieved using ACTV-II. Although it is expected
that ACTV-] will be the transmission standard that is
used initially, the David Sarnoft research engineers
realised that some studios may find it expensive to
change to ACTV-I straight away, and they have

ALOH
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therefore suggested a simpler, entry-level form of the
system, called ACTV-E . Very few details have vet
been published, but the major difference seems to be
that the ACTV-E signals do not contain the ‘helper’
signal that is an essential part of ACTV-I,

Progress with ACTV.
The Advanced Compatible Television techniques that
have been described allow for the development of an
evolutionary system that can initially be introduced
compatibly within a standard NTSC channel and
which can provide widescreen pictures with enhanced
vertical and horizontal resolutions. The later addition
of asecond 6MHz channel enables full quality HDTV
signals to be transmitted.

Extended field trials of the ACTV system have

be carried in just a standard 6MHz channel, without
any augmentation channel, and it also has the claimed
advantages of using no exira subcarriers or hidden
channels, and of using existing technology. As
expected from the name SuperNTSC, Faroudja
laboratories have based their system very closely on
NTSC, making great efforts to overcome cross-colour,
cross-luminance, and a limited chrominance band-
width NTSC decoders, have been improved by incor-
porating complex filters into sets but even the most
complex decoder is not going to completely separate
luminance and colour signals superimposed during
the frequency-division multiplexing process, and so
Faroudja engineers decided the solution to these
cross-colour and cross-luminance problems must lie
in making modifications to the original coding process.

FAROUDJA ENCODER

DETAIL 24 come 100%:
PROCESSOR [ |  FILTER COMPATIELE
NTSC AS PER
1 " FCC SPECS
PROGRESSIVE +
SCAN 21 2 -
%55"“052’:‘7[502"; | INTERLACE MATRICES H e
LINES CONVERTER & MODULATOR e FIE"F?ENH‘B
29,97Hz

SUBCARRIER

IMPROVED NTSC SOURCE
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ADAPTIVE

DECODER

WITH CHROMA,
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EXPANSION

I

o

LINE DOUBLER 5] LUMINANCE [& HIGH
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Fig. 8 Operation of Super NTSC system

not yet been carried out; only tests in practical
conditions will confirm whether the signals will be able
to stand up to problems that occur due to attenuation
over long signal paths, and due to reflections in areas
where reception is difficult. Critics of the system have
suggested that the presence of a second subcarrier
might create difficulties if stereo sound signals are also
carried in the same television channel. There are still
unanswered questions as to whether remodulation of
the ACTV signal onto a different frequency channel
by a video recorder would lead to the second sub-
carrier becoming visible as a patterning effect. Tests
are currently taking place, and it is predicted that
ACTV receivers could reach the marketplace by 1993.

The future success of ACTV could stem from an
important development which began in 1990; four
companies with strong interests in the American
HDTV market have joined together in a development
consortium to push for the development and adoption
of American-designed HDTV technology. Sarnoff
Laboratories, RCA (Thomson), NBC, and Philips
have agreed to concentrate their research and
development, and they also welcome other
companies who might wish to take part. This could
be the turning point for the Americans as they finally
agree to ‘get their act together’

SuperNTSC — Faroudja Laboratories

Many broadcasting engineers have been impressed
by the demonstrations which has come out of the
Faroudja Laboratories, a major supplier of high-tech
circuits for broadcasting. The Faroudja system is
called, without undue modesty, SuperNTSC. It is a
525-line NTSC compatible EDTV system which can

Precoding

The main idea used in the improved encoder is to
prevent luminance and chrominance spectra compo-
nents from overlapping, even before the multiplexing
process takes place.

This is done by prefiltering the individual comn-
ponents through comb filters. Luminance information
is comb filtered between 2.3 and 4.2MHz, this being
the frequency range that is most likely to suffer from
overlap with the chrominance signals. The chromin-
ance is comb filtered too, and the net result is that the
area where the two signals overlap is appreciably
reduced, and reducing the possibility of intermodu-
lation effects that cause cross-colour and cross-
luminance. The two signals are then frequency
division multiplexed to produce an NTSC signal, but
this time the actual cross effects on the transmitted
signal are much less than usual,and when the signals
are again filtered by comb filters in the receiver, the
results are very much better than standard NTSC,with
manufacturers claiming the pictures come close to the
original RGB source pictures, In addition, the amount
of chrominance noise, usually seen as black ‘sparkles’
in areas of highly-saturated colour, is much reduced.
Much of the so-called chroma noise that is seen in
conventional receivers is in fact due to a combination
of high frequency luminance noise which getsinto the
chrominance channel and the chrominance noise
proper. The effect of this luminance nise is especially
noticeable at around the colour-subcarrier frequency,
and so the effect of the comb filtering that takes place
in the improved NTSC systern is to reduce the amount
of luminance noise in the area of the subcarrier, the
net effect being an apparent improvement in the signal
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to noise ratio of the chrominance signals.

SuperNTSC builds upon these improvements in
the NTSC system, and the principles of operation of
the SuperNTSC system are shown in Figure 8.

The source picture is progressively scanned at
either 1050 lines or 525 lines, at a 29.97Hz frame rate.
This progressively scanned source image is then
converted to an interlaced signal fed, in either RGB
or YIQ component form, to the so-called SuperNTSC
encoder. The luminance signal is split into two, with
the complementary filters shown in Figure 8, the
signals between 2.3 and 4.2MHz being comb filtered,
and then combined with the remaining parts of the
luminance signal in an adder. The 1 and Q colour
difference components are fed to a quadrature
modulator, together with the subcarrier, and the
resultant signals are comb filtered before being
combined with the treated luminance signals to form
a SuperNTSC composite television signal in which the
potential for cross-colour and cross-luminance
artifacts has been very much reduced. The
SuperNTSC signal is, 100% compatible with a
standard NTSC signal, and can be transmitted over
all the existing terrestrial transmitter networks, but this
signal has the potential to provide better pictures in
the home if special receivers are used.

The incoming signal received could be fed to a
standard NTSC receiver without any problems, and
the same signal used to feed a special decoder, which
gives better results than standard NTSC, especially
when coupled to a display which has line doubling
circuitry in order to produce a continuously scanned
picture.

The chrominance signals are comb filtered and
then subtracted from the delayd incoming video
signal the resultant being the luminance component
Y. The chrominance signals are then demodulated to
provide [ and Q signals, and these, together with the
Y signals, are fed into a resistive matrix from which
the R, G, and B components are derived.

The chrominance processing is, rather more
complex than the filtering shown in figure 9 would
imply. The comb filtering is carried out in an ‘adaptive’
manner; whenever a sharp chrominance transition is
detected the coefficient of the comb filter circuitry is
changed so that its action is optimised, and this is done
continuously in response to changes in the pictures.

Also included in the decoder is a second
processor which improves the pictures considerably
because of its ability to adaptively vary the bandwidth
of the chrominance processing circuitry. In deter-
mining the optimum bandwidth of the decoder there
are two main criteria to be satisfied; rather
paradoxically, the bandwidth should be large in order
that the receiver will be able to display sharp
chrominance transitions, but for minimum chro-
minance noise and cross-colour the requirement is for
a narrow bandwidth. The adaptive decoder of the
SuperNTSC system allows both requirements. When
large chrominance transitions occur the filters are
adjusted for maximum bandwidth, but when the
chrominance signals are low in level and there are no
sharp transitions the filtering is adjusted so that the
effective bandwidth is narrowed, thus keeping noise
to a minimum.

Another technique used in the SuperNTSC
decoder is called ‘chrominance bandwidth expansion’
This increases the positional accuracy and sharpness
of colour transitions, for any change in colour will
occur at the same point as a luminance transition, but
in ordinary receivers the chrominance information is
blurred or smeared due to limited bandwidth of the
chrominance channel. In the SuperNTSC decoder,
the coincident luminance and chrominance transition
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is examined, and the colour transition is effectively
regenerated in a form which gives a much wider
bandwidth, so that sharp colour transitions can now
be displayed.

SuperNTSC improved display techniques

As Figure 8 shows, signals from the adaptive decoder
are fed into an advanced line doubler which has been
designed to provide RGB picture signals with either
1050 lines, 2:1 interlaced, at 59.94 {.p.s., or alter-
natively signals with 525-lines, continuously scanned.

This line doubler uses motion compensation
techniques to avoid motion artifacts, and a technique
known as ‘horizontal multiplicative enhancement’ to
increase the sharpness on luminance edges. To
improve the vertical resolution a form of detail
processing is used, and aperture correction is adopted
to compensate for the reduction in definition caused
by the finite size of the scanning spot, thus providing
a sharper image.

Faroudja claims that a picture signal with a basic
8MHz bandwidth can provide pictures with the
appearance of an image that might have originated
from a signal of 15 to 20MHz bandwidth.

Other Applications Of SuperNTSC

The techniques used in the SuperNTSC system have
a much wider application than might at first be
thought. Researchers working on the ACTV systems
have experimented with the use of SuperNTSC
pictures instead of standard NTSC pictures as their
basic signals, and with the SuperNTSC decoder and
display; the use of SuperNTSC should result in better
pictures, since the original NTSC cross-colour and
cross-luminance effects will be much reduced. In a
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Fig. @ Principles of Super NTSC decoder

similar manner the techniques developed by Faroudja
could be applied to PAL systems throughout the world
with appropriate modifications to the filtering circuitry.
Somewhat surprisingly, the one significant ATV
feature the SuperNTSC system does not yet provide
is a widescreen display, but the Faroudja paper
submitted to the FCC advisory committee on
advanced television systems says that an aspect ratio
of 4:3is the first step. An eventual second step will be
to move towards an aspect ratio of 1.61:1 (i.e. 4.83:3)
whilst remaining fully compatible with 4:3 receivers,
although there may be the need for a black strip to be
displayed at the top and bottom of the picture, the so-
called letter box display. Various techniques could be
used to provide the widescreen feature, however, and
a few minutes thought about the application of
SuperNTSC to the ACTV system, as mentioned at
the start of this paragraph, will show just one method
by which widescreen SuperNTSC could eventually
become practicable.

In the next article in this series we will look at
some fascinating ideas which have been put forward
as possible contenders for the potentially huge
American ATV market, and see how they could also
have implications for existing European terrestrial
systems.




A micro-controlled
lightshow by
Kevin Kirk

PROJECT

he tenth birthday party is a milestone in a
girls life, one that must be celebrated in a
style that she would like to become accus-
tomed to. My girl’s party had to feature a
disco in one of our outhouses. This disco
must have flashing lights as well as the obligitary loud
music.

The music was no problem, but the lights must
be a little bit special, none of the tired old sound to
lights for this young technocrat. So it must have at least
six different light sequences, some of which must be
in time to the music some set by manual control. To
stop interference with the music the actual switching
must be silent and the circuit must be isolated from
both the amplifier output and the mains for safety.

It was decided to make the unit five channel, as
it gave a more pronounced sequence, especially if
used with a rope or mini lights.

To give a good range of sequences, a micro-

processor was used instead of a board full of logic. The
reasons are:
The unit becomes a lot easier to wire up, the
sequences may be changed at a later date, extra
sequences can be added, it is a lot cheaper and the
processor may be removed to make a simple but
effective bar light show (more of this later).

To enhance the options available, two different
types of input were chosen as the audio input. The
first was a simple frequency dependent input and the
other was an amplitude level,

Using the micro gave a lot of flexibility, so the
choice of sequences was fairly wide. The initial choice
of sequences was made by Arienne herself and con-
sisted of the following:
® Straight sequence, this is the simple ‘light chaser’
or ‘walking light’ it's speed can be set via the manual
speed control.
® Sound sequence, similar to the above but it moves
on in time to the music. One light will stay on when
the music stops. This sequence is very effective with
music which has a lot of sound bursts,
® Bar Graph, the number of lamps lit depends on
the level of the music.
® Sound tolight, the lights flash in time to the music,
the lights will all go off when the music stops.
® Strobe/sound light, the first lamp flashes at a rate
set by manual control and the others build up accord-
ing to the level and duration of the beat.
® Starburst, a nice sequence that consists of all of
the lights coming on one after the other then all going
out (5 Times), then all the lights come on and go off
one at a time (5 times).

This is followed by a ‘walking hole’ where all the
lights are on except for one which moves along (5
times) and finally the lights come on in a ‘sunburst’
starting from the middle, then the next 2 lights and
finally the last 2 lights this then reverses (5 times). The
sequence then repeats.

This sequence is recommended for a static
display where something needs highlighting.
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Fig. 2 Circuit of the processor section.

Circuit Operation

As I mentioned in the pre-amble this project may be
built in two ways, either as a full blown processor
controlled multi sequence light show or for those with
a smaller budget as a very effective bar graph display.
To this end the circuit diagrams are drawn in three
parts, the simpler version uses the audio and output
sections only, neat huh?

The audio input is from any standard micro-
phone, the prototype used a cheap and cheerful stick
mic from a cassette recorder, but virtually any will do
as long as it is not too insensitive. The first op amp acts
as a simple high gain amplifier (>250). It’s output has
a DC offset so C1 sees this off. VR1 sets the gain of
the next stage, with C2 giving a high frequency roll-
off so the high notes don't effect the sequence (much!).

This output is fed into a divider chain so the lower
amplitudes just trigger IC2a, the next higher triggers
IC2a and b and so on. The preset is to overcome the
2.2V (approx) threshold on the schmitt triggers so
each one triggers smoothly. The more astute readers
will have noticed that the chain is linear and sound
as we all know is logarithmic, so for the very best effect
you should change the values to give a logarithmic
progression with R5 as the smallest, try RS = 47R,
R6 = 470R, R7 = 4K7,R8 = 47K, R9 = 470K and
R10 = IM.

The output from IC2a-e {(marked O/P 1-5) can
either go into the relevant processor connections or
directly into the output stage, for those building the
processor version, [ will describe the operation of this
part.

For those of you who read my Telephone com-
bination lock (an improved version of which I am
working on, watch this spacel!!) you will notice that I
am using another version of the ubiquitous 48 series
single chip micro-controllers. This is based on the
8080 and, although it has more bugs in it than a
Libyan coffee shop, it has a couple of really neat
features both of which are that it is CHEAP. It does
have full I/O and data/address multiplexing and a
wonky timer. In this instance 'm driving it with an
11MHz clock, although virtually any old clock speed
down to 5 or 6MHz will do (I happen to have a lot of
11MHz crystals) because it divides it down by 15
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before it starts so it then lumbers along at a fairly sedate
733kHa.

For all it’s little faults it is a well used little beast
(most Computer Keyboards have one in) and can be
capable of reasonably good performance if the pro-
grammer is prepared to take some time and effort with
it (I once designed a fully fledged Hayes compatable
Soft Modem using one of these, complete with 2 soft

A
g

o

UART;, three speeds etc all in 2K Bytes. Never again
though!}.

For this application neither great speed nor great
performance is required as it basically just looks at the
inputs and after a bit of jiggery-pokery shoves them
out again.

The software is written in sequences so that it
performs a complete sequence before it changes to
the next sequence. So for example if sequence 6 is
chosen then it will go right to the end before changing
even if the switch is changed just after it has started.
The switch is simply used to pull one data line down
to signal which sequence is required. If the 6th
sequence is required for a static display then the switch
can be removed and it will always default to this
sequence.

IC2f is used as a simple oscillator to determine
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the sequence speed. IC6 is an octal driver of which
only 5 outputs are used.

The rest of the circuit is the address/data latch
and Program EPROM. The processor sends out the
lower 8 bits of the address on the data bus together
with a signal called ALE (Address Latch Enable) which
is used to store them in a latch which in turn drives
the EPROM when the data is being sought, which if
you know your 8080/8085 should sound familiar to
you.

The output section uses an opto isolator with a
crossing zera detector and output triac. The crossing
zero detector is used to trigger the triac only as the
mains voltage crosses the zero point in the cycle. This
means that the current through the device and sub-
sequently the load is very low (in practise it is not
exactly zero as the triac wouldn't actually latch) which
in turn means that RFI is not produced, what that
means to you is that it doesn't cause clicks on the
music, like some light shows. The output of the Opto
triac is capable of driving a diddly Jittle bulb of about
10 watts or so and so could be used to directly drive
a light rope or 5 sets of christmas tree lights (try it it
looks pretty good arranged in a wheel).

R1214,
161820 )
LD1.5 OR 2R
0/P1-5
FRONT
PANEL
LED1.5
NOTE:
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D8 IC7 = 78L05
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Fig. 3 Power supply and output section.

PROJECT

However to do serious justice to the circuit
then decent triacs should be used. I chose the
BTA08-400BW (snappy little name eh?) because it
has isolated tabs so they could all be bolted to a
common heatsink, if required. On the prototype |
drove 200 Watt floods with no heatsink and they got
barely warm as they are already hard on when the
main current passes through their dissipation is fairly
low, another plus for zero crossing. If you are going
to use fairly large lamps then fit heatsinks and in any
event don't go above 1Kw per channel as incadescent
lamps have a positive temperature coefficient so they
have a large inrush current (most die at this point) on
start up which is about twice their normal operating
current.

Note that the front panel LED is mounted in
series with the opto triac LED so you can see exactly
whatitis deing on the front panel. Thisis a very useful
feature if the unit is mounted on a disco console with
the lights facing the crowd so you can’t see them
properly.

On the simple version simply connect the out-

puts marked OP1-5 from IC2 directly to the end of
R12 (and it's brothers on the other channels), To stop
over dissipation on IC2 it may be a good idea to
change the value of R12 to 82R. In this instance [C2f
oscillator output can be used to drive another opto (via
a 330R resistor) and triac to provide a simple strobe
light, if it is not used then tie the input to OV,

Construction

There is nothing in the circuit that should cause any
problems if the circuit board is used. However, is it isn't
used then great care is required on the mains wiring,
remember it is lethal. When testing the circuit I would
recommend using an Earth Leakage Circuit Breaker.

[t the simple unit is required then connect the
links shown on the PCB close to C10, you will not
need to put anything inside the thick line.

If you want to build the unit on your own PCB
or into a system, note that the 0 Volt lines are starred
to reduce interference from the switching currents of
the LEDs on the Audio Input.

[would recornmend that the unit is tested without
the Mains power supply or triacs fitted, using a sep-
arate DC supply (greater than + 8V) connected across
C9 (observing polarity). When you are happy every-
thing works, then connect the triacs and transformer.
Note that all the tests mentioned below may be done
using the front panel LEDs instead of the lamps and
[ would recommend this as the best course of action
initially as the system will be easier to fault find on with
no mains floating around it!

Then switch to the sound to light, put the micro-
phone close to a sound source preferably some music
with agood beat, Adjust the preset to about mid travel
now adjust the volume control RV1 until all the lights
flash consistently with the music.

Now turn to the music controlled sequence, the
sequence should be reasonably smooth with each
beat, if not adjust RV1.

Finally turn to the Bar Graph display. turn the
music volume up to the level you will likely be using
it at and adjust the preset until all of the lamps light
up on each beat. Reducing the volume should reduce
the number of lamps lit. : 3

As with many systems like this the above settings
will eventually be made by experience, different
settings produce different effects so don't be afraid to
experiment,

Final setting up is straight forward after connect-
ing the lights then start the simple sequence and
ensure that all of the lamps light in turn. If not switch
off before rewiring.

The Use

Over the years I've put together quite a few disco
systems and have had quite a bit of experience with
light shows. Some of my early ones were horrible they
clicked and whirred rivalling the music in volume.

The only thing that I've learned is that the layout
of the lighting is nearly as important as the light show
itself. In many instances a very dramatic effect can be
made using simple small white bulbs, say 12 volt wired
40 in sequenice (ves that's right running dim) on each
channel, wired as spokesin a wheel or in a fan shape
on a wall. Another dramatic effect was to use small
pigmy bulbs in watérproof fittings along a fence.

So don't be afraid to experimerit, but always
check your wiring with a meter before you connect
up because triacs can blow very fast.

The party was a great success with Arienne
playing Queen Bee on the light show controls, now
they all want ore!

A copy of the Hex Dump for the EPROM is
available by sending an SAE to ETL
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PARTS LIST

ESlSTORS (all %W 5%) SEM{CONDUCTORS
Rt 620k CE== - LM3E
: 2%2 ICZ . T4 or 0106
A3 Bk2 G S e 3R Srea=
H4 330k IC4 74HCH73
R5.6,7.89 22k 1C5 27664
R10 o 560k IC6 2801 ¢
R &7 Ic7 - 78L05
312141618 20«‘ 5R 0P1.2345 ‘MOC3041
; 150R CRY12345 BTA0S- 4OOBW

220k lin LED1,2,345 ‘Hed LED’s -

10k preset lin D123456 «  IN4148
R - 22klin D78 - N40O1
CAPACITORS MISCELLANEQUS
Gl 212 XTAL 1 See text :
cz 10n SW1 6 way 1 pole wafer
€350 10y tantalum SK1 3.5mm jack socket
c4 W SK2 B pin socket (mains) -~
C8,7 33p TR - = 8:0-6v 3VA PCB transformer
€8 100n Farnell Cat No 141-471
fol!] 22004116 Microphone, PCB, case, knobs

BUYLINES

The Software is available by sending 2 new blank 27C64or 27C128
EPROMS and @ stamped addressed envelope toKevin Kirk clo the Post
Ofﬁce; wmystwyth Dyfed. | will blow one and keep the other,
EPROMS with'stuff in will be sent batk I'm afraid, as will-old ones

as they aren't worth the hassle.

Other parts are fairly straight forward to abtain, [ got the onginal
companents from Farnell (0532 636311) who take Access and Visa,
the box came from Maplin and PCB from ET1.
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Fig. 4 Component overlay for Arienne’s Lights.
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HIGH GRADE COMPONENT PARCELS

Unless otherwise stated, all the clearance parcels we offer contain brand new, top grade
components. |f some of the offers look too good to be true, all | can say is that the
optimisis wili get some stunning bargains, the cynics will never know what
they've missed, so everybody will be happy! All offers apply only while
current stocks last — watch out for next month's parcels or better

still, be the first to hear about any new offers by
putting your name on our mailinglisl. (Please
write in, or 'phone Pete Leah on

0272 522703 after

% MASSIVE _ 6.30 pm).
- CLEARANCE SALE

Once again, a general purpose parcel containing a
huge variety of components: resistors, capacitors,
ICs, transistors, electrolytics, tants, triacs, LEDs,
diodes, thermistors, trimmers, VDRs, all sorts. All new,
top quality components. This is mostly remainders from
our own stock — stuff we forgot to advertise, or have in
too smali a quantity to sell individually. Guaranteed to be
worth at least eight times the price if valued from any
standard component catalogue! What more can | say?

PARCEL 2A: 1000+ top grade components for £12! + VAT

UNIVERSAL
EVERYTHING PARCEL

This one confains some of just about any component you care to name!
There are passives (resislors, capacitors, tants, presets), opto devices
(couplers, LEDs of ail shapes and sizes, infra-rad components,
7-segment displays), semicanduclors (fransistors, diodes, Cs,
rectibers), and all kinds of ather odds and ends (relays, VORs, neons,
battery conneclors, mixed components packs). A stunning range of
components — enough to get a workshop or lab. started - at a
ridiculously low price.

The components are of excellent quality, in packs originally intended to
sell at £1 each, To make sure you geta good variety, the 20-pack
parcel will have nomare than two of any one pack, the 100 pack parcel
will have al most live of any one pack. Packs supplied as they come —

our choice. i
PARCEL 1A: 20 PACKS for £10 + VAT
PARCEL 1B: 100 PACKS for £39! + VAT

2, (Valiie £106+)
?C NEEE ﬁ IHT‘%TE D PAFI(%EL:E:S ggg? top grade components for £49! + VAT

This parcel contains nothing but ICs. The
mixture offers TTL and CMOS logic,
interface ICs, linear, data converters,
op-amps, special functions, and so on.
Some of the ICs are pre-packed with data
sheets, some (TTL, CMOS, op-amps) we
expect you to identify for yourself, others
will be covered by the free data pack

LEDs

All shapes, sizes and
colours of LEDs. Round ones
in various sizes, rectangular ones,
red, green, amber and yellow ones,
clear and tinted lenses, all sorts.

provided, and the rest you'll have to TANTALUM
identify under your own steam. If you PARCEL 7A: 100 LEDs for £5.90 + VAT 2
know your ICs you'll be in for a lev{ nice CAPACITORS 4

surprises
PARCEL 3A: 100 ICs for £12! + VAT

PARCEL 38:
500 ICs for £49!
+ VAT

PARCEL 7B: 500 LEDs for £24.90 + VAT, 7

A nice range of tants in values up to i

47pF. Lots of useful caps, and we're
not mean with the most expensive
ones. A fine selection.

PARCEL 4A: 100 TANTS for £6.80 + VAT
PARCEL 4B: 500 TANTS for £29! + VAT

RELAYS

All kinds of relays: plug-in, PCB
mounting, low voltage (down to
3V coils), miniature, reeds, heavy duty
contacts, signal contacts, you name it.
A fantastic seléction

You'll be back for more!

CAPACITORS

An exciting selection of
capacitors. There are
ceramics for decoupling and
general use, Polystyrenes for high
performance circuits, dipped and

3 moulded polyesters in values from a few
i ggsg&\;g ';l\c:,r £12+ VAT TRANSISTORS nF up to 2.2}p.|F ¥very_ expensive!), tants and
@ A mix of general purpose silicon aluminium elqmrolytlcs - just about any
PARCEL 16B: @B transistors, mostly bipolar NPN and capacitor you'll ever need. Don’t miss this
200 RELAYS for £38 + VAT &%  PNP. with a few FETs and unijunctions one!
¥E  thrown in (when available) to spice PARCEL 8A:
: the mixture. The contents vary from 1000 CAPACITORS for £6.50 + VAT
month to month — at the moment there PARCEL 8B:
are BC212s, BC213s, BC548s, 2500 CAPACITORS
BC238Bs, MTJ210s, and so on. Next for £14.90 + VAT

month — who knows? All top quality
components.

PARCEL 6A: UK Orders:
200 TRANSISTORS for £7.80! + VAT Please )

E packing and 15
to the total

HIGHGRADE Europe and Eire:
Please add £6.00 carriage

and insurance. No VAT

COMPONENTS LTD : Outside Europe:
Please add £12.00 carriage

Unit 107, 8 Woburn Road, Eastville, Bristol BS56TT 2hd insuranue e VAT
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AIR IONISERS

By means of points raised to a very high voltage, ionisers re-structure the air
you breathe, turning ordinary air molecules into potent negative ions. The
effects of breathing in these ions can be quite startiing. Aimost everybody
reports that it makes them feel good, and there is now strong evidence that it
can also improve your concentration, make you more healthy and alert, make
you sleep better, and even raise your IQ.

THE MISTRAL AIR [>
IONISER

The ultimate air ioniser. The Mistral has variable
ion drive, built-in ion counter and enough power to
drive five multi-point emitters with ease. Its nine
main drive stages, five secondary drives and four
booster stages give an immense 15 billion ions per
minute output - enough to fill the largest room in
a matter of seconds.

The parts set contains everything you need to
build the Mistral: components, PCB, case, emitter
and full instructions. If you're keen to increase the
output still further, there’s an optional eight-point
internal emitter set to give extra ionising capability,
and an almost silent piezo-electric ion fan to drive
the ions away from the emitter and into the room.

MISTRAL IONISER PARTS SET £32.66 [ ]

INTERNAL EMITTER PARTS SET
(optional) £3.22 []
ION FAN (optional) £11.27 []

<] PROPHET PF3

The Prophet performs its own special miracle on the dashboard of your
car. First reports are most impressive: driving becomes a positive
pleasure, easier to stay alert on long motorway journeys, a child cured
of trave! sickness. The ion effect is not to be underestimated. Don't forget
the experiments either: there's the smoke trick, triffids, the living emitter,
and more. The Prophet can be used anywhere with a supply of 9V to
12V DC, so don't restrict it to the car alone!

PROPHET PF3 PARTS SET £21.39 [

THE Q-ION [>

Check out the ion fevels around your house. The Q-lon will measure
the output of any ioniser, test the air to see where the ions are
concentrating, help you set up fans and position your ioniser for best
effect, and generally tell you anything you want to know about ion
levels in the air. The readout is in the form of a bar graph which moves
up and down as the Q-lon sniffs the air in different parts of the room.
Readings up to 10" ions per second, positive or negative.

Q-ION COMPLETE PARTS SET £21.16 [

<] KIRLIAN CAMERA

IONISER
EXPERIMENTS

* The Vanishing Smoke
Trick

Light up a cigarette and gently puff smoke
into a glass jar until the air inside is a thick,
grey smog. Carefully invert the jar over the
ioniser so that the emitter is inside. Within
seconds the smoke will vanish! This is one
of the best demonstrations of an ioniser's
air cleaning action and with a large jar the
effect is quite dramatic.

* Triffids

Connect a length of wire from the ioniser
emitter to the soil in the pot of a
houseplant. One with sharp, pointy leaves
is best. Hold your hand close to the plant
and the lzaves will reach out to touch you!
In the dark you may see a faint blue glow
around the leaf tips - this works better with
some plants than with others, so try several
different types. The plants don't object to
this treatment at all, by the way, and often
seem to thrive on it.

* The Electric Handshake

Wear rubber soled shoes. Touch the
ioniser emitter for a few seconds until your
body is thoroughly charged up. When your
hair stands on end, that's just about
enough. Then give everyone you meet a
jolly electric handshake. Just think, you
could lose all your friends in a single
evening! (A meaner trick still is to charge
up a glass of water or a pint of beer. Even
your family won't speak to you after that!)

Bioplasmic fields, auras, or just plain corona discharge? No matter how you explain them, the effects are strange and
spectacular. Can you really photograph the missing portien of a torn leaf? Can you really see energy radiating from
your finger tips? Most researchers would answer 'yes' to both questions.

Our Kirlian photography set contains everything you need to turn the Mistral into a Kirlian camera, your bedroom
or spare room into a darkroom, and to expose, develop and print Kirlian photographs (photographs made with high
voltage electricity instead of light). The set includes exposure bed, safelight bulb, developing and fixing chemicals,
trays, imaging paper and full instructions. A Mistral ioniser parts set is also required.

KIRLIAN CAMERA SET £19.78 []

ORDERING
All prices include VAT

(CONDUCTORS

UK orders: please add £1.15 postage and packing
Eire and overseas: please deduct VAT and add
£5.00 carriage and insurance.

Tel: (0600) 3715
SALES DEPT,, ROOM 107, FOUNDERS HOUSE, REDBROOK, MONMOUTH, GWENT.

LIMITED

- | ACCESS
| Phone 0600 3715 for immediate
attention to your Access order.
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Andrew Armstrong
looks at tomorrows
technology today.
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TOWARDS
TOMORROW

his is the first of a new series of occasional

columns in which [ will write about

whatever 1 find most interesting in

technology and related fields. Often [ will

be touching the edge of science fiction,

discussing things which cannot yet quite be achieved,

and may never actually be done even when possible.

Ihope that what I find interesting will also interest other

people — please write in with your comments so that

we can decide whether and if so how to continue the
series

Fiction has dealt with interstellar travel, though

at present few people would believe this to be practical

which we will address later) for about a week, it would
reach 1/5 the speed of light. 91 years later, when
passing through the Alpha Centauri system, a further
period of microwave irradiation would provide power
to transmit high definition colour television pictures
back along the direction of the beam, with enough
power for reception by a suitable radiotelescope.

Clearly such a probe cannot be made at present,
but extrapolation of recent technological advance into
the future suggests that it will be possible between ten
and twenty years from now. Let us take the main
requirements in order:

Micron wire can be made now, but not in

MICROWAVE BEAM
DURING TEST

MICROWAVE BEAM
DURING OPERATION

MICROWAVE SOLAR
POWER SATELLITE

MICROWAVE
MESH FRESNEL
ZONE PLATE

STARWISP
INTERSTELLAR
PROBE

in the forseeable future. Equally, almost nobody
thought that men would walk on the moon until a few
vears before it actualllly happened. The reality was
different from the fiction in this case, as so often
happens. Early technological achievements usually
seem to be less spectacular, more costly, and subject
to more problems than fictional accounts would have
us believe, but eventually the reality becomes
commonplace and surpasses the fiction

So it will be with interstellar travel. Nobody will
zoom to the stars on a rocket, but a limited form of
exploration using unmanned probes may be possible.

The non-intuitive fact that radiation exerts a
pressure can be used to propel spacecraft, and indeed
practical lightsails (using sunlight for propulsion) are
under development. Other electromagnetic radiation
can also be used, and in 1985 Dr Robert Forward
(consultant to the US Air Force) proposed a
microwave powered interstellar probe,

The minimal version of the “Starwisp” probe
would consist of a mesh of micron wire, with an
integrated circuit chip at each intersection. It would
use 16 grammes of wire and 4 grammes of semi-
conductors to make up a lkm area sail. When
irradiated by a I0GW microwave beam (the source of

significant quantities. It is not clear hO\M adequate
quantities could be made practically, but who twenty
years ago, would have thought that kilometres of
single mode optical fibre (optical waveguide) could
be made and considered cheap enough for ordinary
telecommunications use.

The integrated circuit at the junction of each set
of wires is rather speculative at the moment. It seems
unlikely that silicon would be sufficiently radiation
resistant to last, and the best candidate at present looks
like indium phosphide. Of course, there is a long way
to go between the present state of tile art and VLSI
chips using indium phosphide, but the general
techniques of IC manufacture are known, so it is not
so large a step as that from the first Sl]lCOl’l transistor
to the transputer.

Consider what the microcircuit at each junction
would have to do. First of all, it would have to work
as part of a distributed array processor, in conjunction
with the other circuits in the array. To enable
propulsion, junctions would have to switch to short
circuit or open circuit condition as appropriate. Yet
others would have to configure themselves to rectify
microwave power to provide DC to run the system.

On arrival at the destination the real fun would

ETI MARCH 1991




begin. The probe, having travelled all the way at 20%
light speed, would probably have suffered damage,
and would have to configure its processing array to
work around large holes or tears. Again, some
junctions would configure themselves as rectifiers to
provide power, while others would serve as parts of
a phases array transmitter.

In order to send a beam of microwaves back to
Earth, the probe would measure the relative phase
and strength of the signal received, and transmit a
reciprocal signal from that part of the array. This
technique can produce a tightly directional signal,
despite major irregularities in the transmitting array.

The same principle is applied to the design of the
now obsolete ‘squarial, in which a flat plate array of
receiving aerials is made to perform as a directional
aerial. The same effect could be achieved with a non-
flat array, for example moulded into the roof of a
vehicle, if appropriate phase and gain compensation
were applied to each element. This principle will no
doubt be applied to military satellite communications,
with active gain and phase compensation steering the
beam, if indeed it has not already been done,

Back to Starwisp. The really difficult part is to
build up a picture without any optics! The way to do
this is to make each element of the array sensitive to
just one frequency of light, and to the phase as well.
The phase and gain information from a number of
elements will give directional information about
incident light, even-if each element has for example
180° solid angle sensitivity Thus shape can be
determined without lenses and focussing. Colour, and
even false colour infra red images could be built up
from the different frequency detectors in the array. Of
course, single frequency phase sensitive detection of
light is a task the doing of which is not yet known.

There may never be an electronic means of such
detection, but it is more likely that a means will be
found, perhaps using quantum devices built using
nanotechnology. (I intend to cover this in a future
column.)

Propulsion

Earlier on I referred to a 10GW microwave beam
providing acceleration for Starwisp. If the launching
of Starwisp could be coordinated with the
commissioning of a solar power satellite (SPS), the
SPS could be used for about a week to launch
Starwisp before being beamed at Earth to provide
enough electricity to allow several large power stations
to close. Hopefully, the production of another SPS
could be timed to permit the transmission of a beam
to illuminate Starwisp for about a week at its
destination, so that it can gather data and transmit it
back to Earth.

For the few readers who may not have
encountered the idea of an SPS before, it is a satellite
in geosynchronous orbit. It generates electricity using
photovoltaic panels, and converts the DC to
microwaves which it beams at a collector array in an
unpopulated area. Environmental damage resulting
from this is thought to be smaller than for fossil fuel
or nuclear power generation, and perhaps less than
for tidal power generation by flooding the habitat of
rare flora and fauna. The debate looks set to run and
run.

There are a number of technological problems
to solve before Starwisp or any similar space probe
can be launched, but the largest obstacle will be in
finding the political will to forward this area of scientific
research.

CA.D. SOFTWARE MADE FASY

ISIS SUPERSKETCH

ISIS SUPERSKETCH is a purpose designed program

PCBII

for drawing circuil diagrams. Our Graphical User
interface and Intelligent Diagram Editor combine (o
lcave 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 [irst
pin, click, point at second pin, click. The wire
autorouter does the rest. )

Auto wire routing,

Aute dot placement.

Auto name generator,

Powerful editing facilities.

Object oriented 2D drawing

with symbol fibrary.

Comprehensive device

libraries available.

o Output to dot matrix, pen
plotters, lasers, POSTSCRIPT.

o Export to DTP packages in

IMG or DXF formats.

ooooo

=]

PCB II is a new state of the art manual PCB layout
package sharing the same Graphical User Interface 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, wec are offering ISIS
SUPERSKETCH (Extended library) and PCB 1l for just
£149 - can you atford not to join the CAD revolution?

o

Topological Route Editor
Unlimited user configurable pad,
track and via styles.

Full surface mount support.

2 copper + 2 silk layers.

1 thou resolution.

30x30 inch max board size.
Object oriented 2D drawing for
silk screen graphics,

Drivers for dot matrix, pen
plotters, lasers, POSTSCRIPT,
gerber, etc. etc..

a

DoOoOoODOoOgo0

o

PRICES

abcenter

E / e ¢c t r o n 7 c s

SUPERSKETCH (Basic Library) ....... £69
SUPERSKETCH (Extended Library). £99
PCBII............ P
SUPERSKETCH (Ext Lib)+PCBIl.....£149
OTHERS/W & H/W ..o

........................ £69

Call for demo disks
today - 0274 542868. ]
oALL T4 Marriners Drive, Bradford BOY 4/T
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DESIGNING AN

ELECTRONIC TESTMETER

John Smith develops a
circuit idea into a
working proto-type
test meter

38

_ Y o

oving coil multimeters, even good
ones, can take a significant current
from the circuit under test, and this
may give rise to inaccurate readings
Referring to Figure 1; if a 50pA —
20,000 R/volt-meter, on a 5 volt range, is used to
measure Vi, then, due to the shunting effect of R,
a reading of about 0.905 volts will be obtained, an
error of over 2 volts. If a meter taking 1uA full scale
(IM/volt) again on a 5 volt range, is used then the
error will be less than 1/5 volt. Not exact, but quite
near enough for one to be satisfied that the circuit is
working correctly.

O O
A TEST METER
Al i
470k =
INPUT b R
BY m
R2
470k
c
(o
TEST METER:

5QuA fsd = 20,000R/VOLT
IF USED ON 5 VOLT RANGE Rm = 100k

Fig. 1 Standard Testmeter applied to potential
divider

o get such a high input resistance an electronic
testmeter is needed. Commercial instruments are
usually expensive, so this project is intended to
provide a fairly simple unit at a reasonable cost. This
cost may be reduced if the constructor can provide
some of the main items from stock! A moving coil
meter may be made more sensitive by the use of a

transistor amplifier, as shown in Figure 2. This basic
circuit suffers from a number of defects; one of which
is that the transistor . is affected by temperature, and
anotheris that the 1npu1 signal has to exceed the V
of the transistor — some 600-700 mV, before any
readings are obtained. The latter difficulty can be
overcome to some extent, by the use of a Germanium
transistor, but only at the expense of greater
temperature instability.

8]
A
Re
MOVING
COIL METER
SUPPLY FOR
TRANSISTOR
Rin SILICON
AAAA TRANSISTOR
i NPN
|
INPUT
SIGNAL
o s o]
Rin PROTECTS TRANSISTOR BASE FROM OVERLOAD
& ALLOWS FOR CALIBRATION OF CIRCUIT
Rc PROTECTS MOVING COIL METER FROM OVERLOAD
Fig. 2 Greater sensitivity is provided by a
transistor amplifier

A better circuit is shown in Figure 3. Here the
transistor is supplied with a permanent bias current
through Ry, and the resultant quiescent I.. is balanced
out of the meter circuit by the combination of R and
the resistor network including RV1. The diode is also
supplied with a permanent cutrent via R 4, and as it
is a silicon device, it should present a similar potential
difference from anode to cathode as the Vi, of the
transistor. Thus, by returning the negative input lead
to the diode anode, rather than the supply negative,
Vi is virtually eliminated from the input circuit. RV2
allows the system to be calibrated.

A further improvement can be made by using a
second transistor instead of the diode, and forming
a balanced amplifier configuration, known as a ‘long
tailed pair’ (see Figure 4)_ It is now possible to set the
meter zero by altering the bias to one of the transistors,
using RV1.

The gain of the circuit in Figure 4 may be
increased by adding two further transistors, and we
now have an amplifier consisting of two balanced
Darlington Pairs (Figure 5). This arrangement will
perform quite well, and variations of it are often given
as meter amplifiers. [t can be constructed from four
separate transistors, but an attractive alternative is to
use the five-transistor array, the CA 3046, as all the

O+
'
Ab
Rin
+?—Wv\
INPUT Rd Ay SUPPLY
| SILICON
- TRANSISTOR
siLICeN
DIODE
—_—
Fig. 3 Improved transistor ampilifier circuit
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semiconductors will then be in thermal equilibrium,
and there is a convenient ‘on chip’ link which we can
use for the connection between the emitters of Q2 and
Q3. Musing on the possibility of utilising the fifth
transistor somewhere, results in the circuit of Figure
6. The last transistor, which must be the one including
the substrate connection, supplies a constant current
to be balanced amplifier tail; and this transistor’s bias
is, in turn, stabilised by D1 and D2. The two diodes
also provide a degree of temperature compensation,

There are two major drawbacks in this last
arrangement; the first is that a relatively large number
of components are needed, and secondly a fairly high
supply voltage is required. This latter point is also a
problem if an Op-Amp IC is used as a meter amplifier.

>0
s

RV1
SUPPLY

> RuTAIL
CURRENT
RESISTOR
>

Fig. 4 A two transistor long-tailed pair amplifier

Rb1

__?+

NOTE:
Rb1 AND Rh4 HELP TO INCREASE
THE INPUT RESISTANCE

Fig. b Increased gain using Darlington Pairs

An outline circuit is shown in Figure 7, and needs
some =9 volts for satisfactory operation.

To keep the amount of components down, and
the supply requirements low, a different approach is
required, so the basic DC amplifier shown in Figure
8 was examined. This idea looked promising, but the
P N P output transistor was a bit of a problem. We were
still keen to use a CA 3046, but there are no P N P
transistors in a 3046!

We were looking for operation from supplies of
+1.5 volts, and the normal V},, of a silicon transistor
is, as has been mentioned before, about half of this
value, so the circuit shown in Figure 9 was suggested.
The P N P transistor has been replaced with two
N P N devices, the first operating as a common
emitter, and the second as a common collector (also
known as an emitter follower). Q5 is used to supply
the ‘tail’ current as in Figures 6 & 8, although in the
final version this arrangement is not utilized, and a
simple resistor chain has been substituted. The
important operating potentials are shown in Figure 9.

The gain of this amplifier is defined by the ratio
of Rj, to Rg, and has been found to be extremely
accurate. Gains of over 1,000 times have been
achieved, and this allows a 1 mA meter movement

D=V
| )
| SUPPLY
INPUT

O—AAAA

ALL TRANSISTORS

WITHIN IC CA 3046 4 R

as
SUBSTRATE = D1 »
COMNECTION gliH[D.gSN
D2
0O

Fig. 6 Transistor array amplifier

to operate with an imput current of only 1A. No
special temperature compensation provisions have
been made, other than the use of a single I C for all
the semiconductors, and no noticable drift has been
experienced. The gain is so precise that no calibration

]

C

1 >

Fig. 7 An op-amp meter amplifier

QO+
A
9 vouTs
O
9 VOLTS
{)—
OPERATIONAL AMPLIFIER: TOTAL SUPPLY NEEDS ARE 18 VOLTS
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is necessary, and all the ranges are obtained solely by 10,
the use 1% tolerance resistors, which are easily, and Next month we will turn this final development
cheaply purchased. The final circuitis shown in Figure  into a practical construction giving five voltage ranges.

<) +1V5
le1+1b3
O
T ZERD Vout
ZERO Vin Rtb
I -0 0
g  lea-1tn
A
% é as
— 1200mV 1500mV
§ 1’. ) PNP %
nen nen( ) AAAA 0 —0 - V5
OUTPUT
INPLIT 1—0
(o —00 Fig. 9 Low voltage amplifier
PN ?—}
!
% O -VE SUPPLY
Fig. 8 Basic DC amp approach
100V
QO +1V5
2k2
50V
)04
5V WL
ImA
50R
COM NEG O 0 ov
24k N\
2k2
2k2
SETZERD ‘—l \SUBS‘I‘RATE
NOTE:
ALL TRANSISTORS WITHIN CA3046 : O - 15

Fig. 10 Final developed design for testmeter

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
2,000 offers to amaze you.

Brian J Reed Electrical
6 Queensmead Avenue, East Ewell
Epsom, Surrey KT17 3EQ
Tel: 071 223 5016
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.. PROJECT REPORTS .. TECHNICAL DOCUMENTS ..

.. EDUCATIONAL HANDOUTS .. MANUALS ..

MICRO)

icroDesign2 is a new publishing program combining all the essential
features of DTP, CAD and Graphic Design in a flexible and easy-to-use
package. MicroDesign2 is ideally suited to the preparation of technical documnents
(especially those related to electronics), and provides a single and affordable
solution to your small-scale publishing needs.
MicroDesign2 is available for PC-compatibles and the Amstrad PCW series,
giving high quality output from 9-pin, 24-pin, Bubblejet and HP-compatible
Laser/Inkjet printers. And it costs just £69.95 (PC) or £59.95 (PCW) from ...

081-393 9055 Creative Technology 10 Park St Uttoxeter Staffs STi4 7AG Tel 0889 567160 |

This advert entirely designed & printed using MicroDeaign2 on an Amstrad PCWB8512 with HP Desk jet |
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REAL POWER AMPLIAER Foryourcar, it has 150 watts output
Frequency response 20HZ to 20 KHZ and a signal to noise raid
better than 60db. Has builtin short circuit protection and adjustabis
input level to suit youe existing car stereo, so needs no pre-amp)|
Worksint kers ref 30P7 described below. A real bargain atonh)
£57.00 Order ref 57P1

REAL POWER CAR SPEAKERS. Stereo pair output 100w sach
4ohm impedance and consisting of 6 172" woofer 2 mid range ang
1"tweeter. Ideal to work with the amplifier described above. Price paf
pair £30.00 Order ref 30P7.

PERSONAL STEREOS Customer returns but complete with 4
pair of stereo headphones very good value at £3 .00 ref 3P83
1200/75 MODEMS. Made to fit into PC,s but could be adaptabig
complete with diagrams etc. £15.00 each ref 15P46

2KV 500 WATT TRANSFORMERS. Suitable for high voltagd
experiments or as a spare for a microwave oven etc. 250v AC inpu]
£10.00 ref 10P93

MICROWAVE CONTROL PANEL. Mains operated, with touch
switches. Complete with 4 digit display, digital clock, and 2 raiay
outputs one for power and one fer pulsed power (programmabia)|
Ideal for ali sorts of precision timer applications etc. £6.00 ref 6714
FIBRE OPTIC CABLE. Stranded optical fibres sheathed in blacH
PVC. Five metre length £7.00 ref 7P29

12V SOLAR CELL. 200mA oulput ideal for E Y
trickle charging etc. 300 mm syuare. Our price

£15.00 ref 15P42

PASSIVE INFRA-RED MOTION SENSOR.
Complete with daylight sensor, adjustable lights

on timer (8 secs -15 mins), S0' range with a 80 \
deg coverage, Manual overide facility. Com- ', :}
plete with wail brackets, bub holders etc. Brand
new and guaranteed. £25.00 ref 25P24,

Pack of two PAR38 bulbs for above unit £12.00

ref 12P43

VIDEO SENDER UNIT. Transmit both audio and video signals
from either a video camera, video recorder or computer to any
standard TV set within a 100" range! (tune TV to a spare channaf)|
12v DC op. £15.00 ref 15P39 Suitable mains adaptor £5.00 re

5P191

FM TRANSMITTER housed in a dard

(bug is mains driven). £18.00 ref 18P10

MINATURE RADIO TRANSCEIVERS A pair m@ ﬁ
[

rking 13A

walloe talkies with a range of up io 2 kilometres. Linits

measure 22x52x155mm. Complete with cases £30.00

ref 30P12 [PR'S
FM CORDLESS MICROPHONE. Small hand held

unitwith a 00’ rangs! 2 transmit power levels reqs PP3 battery, Tun
eable to any FM receiver. Our price £15 ref 15P42

10 BAND COMMUNICATIONS RECEIVER. 7 short™~.
bands, FM, AM and LW DX/local switch, tuning ‘eye’ mains [ITHE=H
or batlery. Complste with shoulder strap and mains lead, ss= =
£34.00 ref 34P1

WHISPER 2000 LISTENING AID. Enables you to hear BOUF!di
that would otherwise be inaudible! Complete with h

Casad. £5.00 ref 5P179. . __

CAR STEREO AND FM RADIO. Low-cost stereo system giving
5 watts per channel Signalto noise ratio better than 45db, wow ang
flutter less than 35%. Neg earth. £25.00 ref 25P21.

LOW COST WALIKIE TALKIES. Pair of battery l
operated units with & range of about 150" Our price E a

£8 00 a pair ref 8P50

7 CHANNEL GRAPHIC EQUALIZER pius a 60 watt
power amp! 20-21KHZ 4-8R 12-14v DC negative earth. Cased £29
ref 25P14

NICAD BATTERIES. Brand new top quality. 4 x AA's £4.00 ref
4P44_ 2x C's £4.00 ref 4P73, 4 x D's £9.00 ref 9P12, 1 x PP3 £6 0]
rel 6P35 also exequip AAA,s at 25 for £10,00 ref 10P120
TOWERS INTERNATIONAL TRANSISTOR SELECTOH
GUIDE. The ultimate equivalents book. Latest edition £20.00 re}
20P32,

CABLE TIES. 142mm x 3.2mm white nylon pack of 100 £3,00 ref
3P104. Bumper pack of 1,000 ties £14.00

BUILD AN IBM COMPATIBLE
PC!

AT 12 meg twrbo 286 mother board, £11500 pcil
1 meg memory for above board £5500 pc2
4 meg memory for above board. £21400 pc3
AT keyboard £49.00 pcéd
AT power supply and pc case (complete) £11500 pc5
AT controller card with 2 x serial, 1 x paraliel

Floppy and hand controller + mono

Display driver. £7400 pcé
1.2 meg 3 1/2" disc drive £74.00 pc?7
1.44 meg S 1/4" drive £66.00 pc8
Amber monitor 12, £99.00 pc9
40 meg hard disc. £27000 pci0
100 meg hard disc. £59500 pcii

minimum system consisting of mother board, 1 meg of memory
case, power supply, 1.44 meg floppy, interfaces, and monitor ig
£525.00inc VAT (single drive mono 286) pci2
£795.00 inc VAT (40 meg + floppy + mono 286) pc13

1981 CATALOGUE AVAILABLE NOW IF YOU DO NOJ
HAVE A COPY PLEASE REQUEST ONE WHEN ORDERING
OR SEND US A 6"X9" SAE FOR A FREE COPY.

GEIGER COUNTERKIT. Complete with tube, PCB and allcom

inner tube. Wheels are black, spoked one piece poly carbonate. 13|
whee| £6.00 ref 6P20, 16" wheel £6 00 ref 6P21

ELECTRONIC SPEED CONTROL KIT for ¢5 motor PCBand a
components to build a speed controtier (0-95% of speed)
Uses pulse width modulation. £17.00 ref 17P3

SOLAR POWERED NICAD CHARGER. Charges 4
AA nicads in 8 hours. Brand new and cased £6 00 ref
6P3

MOSFETS FOR POWER AMPLIFIERS ETC. 100 watt mosfe
pair 2899 and 2SK343 £4.00 a pair with pin outinfo ref 4P51. Alsq
avaliable is 8 2S5K413 and a 25J118 at £4.00 ref 4P42

10 MEMORY PUSH BUTTON TELEPHONES. These are 'cus|
tomer retums’ so they may need slight attention. BT approved, £6.04
each ref 6P16 or 2 for £10.00 ref 10P77

12 VOLT BRUSHLESS FAN 4 1/2" square brand new ideal fo|
boat, car, caravan etc. £8.00 each ref 8P26

acom data recorder ALF503. Made for BBC computer but surtablg
for others. includes mains adapter, leads and book £15.00 re
15P43

VIDEO TAPES. Three hour superior quality tapes made Lindg|
licence from the famous JVC company. Pack of 10 tapes £20.00 re
20P20

ELECTRONIC SPACESHIP. Sound and im-
pact controlled, responds to claps and shouts and
reverses when it hits anything. Kit with complete
assembly instructions £10 00 ref 10P81

i
PHILIPS LASER. 2MW HELIUM NEON 0~ b
LASER TUBE. BRAND NEW FULL SPEC
£40.00 REF 40P10. MAINS POWER SUPPLY KIT £20.04
REF 20P33 READY BUILT AND TESTED LASER IN ON§
CASE £75.00 REF 75P4.

SWITCHED MODE POWER SUPPLY (Boshert) +5 at 154, +1

at3A, -12 at 2A, +24 at 2A. 220 or 110v input. Brand new £20.00 r

20P30,

SOLDER 22SWG resin cored solder on a 1/2kg resl. Top quaiityf

£4.00 a reel ref 4P70

600 WATT HEATERS. !deal for air or liquid, will not corrode, last:

foryears. coil type construction 3"x2" mounted on a 4" dia metal plat

for easy fixing. £3.00 ea ref 3P78 or 4 for £10.00 ref 10P76

TIME AND TEMPERATURE MODULE A clock, digital ther

mometer (Celcius and Farenheit (0-160 deg F) programmable 1o

hot and too cold alarms. Runs for at least a year on one AA battery}

£9.00 ret 9P5

Remote temperature probe for above unit £3 00 ref 3P60

GEARBOX KITS. Ideal for models etc. Contains 18 gears (2 of

each size) 4x50mm axles and a powsrful 9-12v motor. All the geary

etc are push fit. £3.00 for complete kit ref 3P93

ELECTRONIC TICKET MACHINES. These units contain

magnetic card reader, two matrix printers, motors, sensors an

loads of electronic components etc. (12°x12"x7") Good value &

£12,00 ref 12P28

JOYSTICKS. Brand new with 2 fire buttons and suction feet thess

units can be modified for most computers by changing the connsctof

etc Price is 2 for £5 00 ref SP174

QUALITY PANEL METERS. 50uA movement with 3 differany

scales that can be brought into view with a lever! £3 00 each ref

3Ps81.

CAR IONIZER KIT. improve the air in your car! clears smoke ang

helps to reduce fatigue. Case required. £12 00 ref 12P8

METAL DETECTOR. Fun fight weight device for bur-

ied treasure! 33" long with tune and fine tune controls,

£10,00 ref 10P101

6V 10AH LEAD ACID sealed battery by yuasha ex

equipment but in excellent condition now only 2 for

£10,00 ref 10P95

12 TO 220V INVERTER KIT. As supplied it will

handle up to about 15 w at 220v but with a larger transformer it wil

handie 100 watts. Basic kit £12 00 ref 12P17_ Larger transformef

£12,00 ret 12P41

VERO EASI WIRE PROTOTYPING SYSTEM l|deal for design

ing projects on etc, Complete with tools, wire and reusable board|

Our price £6 00 ref 6P33

MICROWAVE TURNTABLE MOTORS. Complete with weigh

sensingelectronics that would have varied the cooking time |deal ol

window displays etc. £500 ref 5P165

STC SWITCHED MODE POWER SUPPLY. 220v or 110v inpu

giving Svat2A, +24vat0 25A, +12vat0 15A and +90vat 0 4A£12.0d

ref 12P27,

CAMERA FLASH UNITS. Require a 3v DC supply to flash. £2.04

each ref 2P38 or 6 for £10.00 ref 10P101 (ideal multi-flash photog}

raphy

TELEPHONE AUTODIALLERS. These units, when triggered wi

aut ically dial any teleph number Originally made for alarr

panels BT approved_ £12.00 ref 12P23 (ploase state telophonse i
'd

25 WATT STEREO AMPLIFIER ic. STK043 With the addition o

a handful of components you can build a 25 watt amplifier £4.00 rs

4P69 (Circuit dia included)

20 WATT 4 OHM SPEAKER Builtin twester hi fi quaiity 6 1/2" d:

price is £5.00 ref 5P155 or 10 for £40 ref 40P7

LINEAR POWER SUPPLY. Brand new 220vinput +5 at 3A, +1

at 1A, -12 at 1A_ Short circuit protected £12 00 ref 12P21

MAINS FANS. Snail type construction Approx 4"x5" mounted on

motal plate for easy fixing. New £5.00 SP166

POWERFUL IONIZER KIT. Generates 10 times more ions tha

commercial units! Complete kit including case £18 00 ref 18P2

MINI RADIO MODULE Only 2* square with ferrite aerial and tune

nents to build a battery operated geiger counter. £39.00 reft39P1
FM BUG KIT. New design with PCB embedded coil Transmits 14
any FM radio. 9v battery req'd. £5.00 ref SP158

TV SOUND DECODER. Nicely cased unit, mains powered &
channel will drive a small speaker directly or could be fed into HI F
etc. Our price £12.00 ref 12P22

COMPOSITE VIDEO KITS. These convert composite video it
separate H sync, V sync and video. 12v DC. £8 00 ref 8P39
SINCLAIR C5 MOTORS. 12v 29A (full load) 3300 rpm 6"x4" 1/4|
OfP shatt. New_ £20 00 ref 20P22,

As above but with fitted 4 to 1 inline reduction box (800rpm) an
toothed nylon belt drive cog £40,00 ref 40P8.

SINCLAIR C5 WHEELS 13" or 16" dia including treaded tyre ang

Superhat Reg's PP3 battery. £1.00 ref BD716.

HIGH RESOLUTION MONITOR. 9" black and white Phillips ty]

in chassis made for OPD computsr but may be suitable for oth
£20 00 ref 20P26

SURFACE MOUNT KIT. Makes a high gain snooping amplifier on
a PCB less thanan an inch square! £7.00 ref 7P15

SURFACE MOUNT SOLDER. In easy touse tube. Ideal forabove
project £12.00 ref 12P18,

CB CONVERTORS. Converts a carradio into an AM CB receiver
Cased with circuit diagram. £4 00 ref 4P48

FLOPPY DISCS. Pack of 15 31/2" DSDD £10.00 ref 10P88 Pack
of 10 51/4" DSOD £5.00 ref 5P168

SONIC CONTROLLED MOTOR One click to start, two click to
reverse direction, 3 click to stop! £3.00 each ref 3P137
FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD827
LCD DISPLAY 4 1/2 digits supplied with connection data £3 00 ref
3P77 or 5 for £10.00 ref 10P78

TRANSMITTER AND RECEIVER. These units were designed
for nurse call systems and transmit any one of 16 different codes
The transmitter is cased and designed to hang round the neck
£12.00 a pair ref 12P26

ALARM TRANSMITTERS. No data avaliable but nicely made
complex transmitters 9v operation. £4 00 each ref 4P81

100M REEL OF WHITE BELL WIRE figure 8 pattern ideal for
intercoms, door bells etc £3 00 a reel ref 37107

ULTRASONIC LIGHT. This battery operated unit is ideal for the
shed efc as it detects movement and turns a light on for a preset time.
(light included). Could be used as a sensor in an alarm system
£14.00 each ref 14P8

CLAP LIGHT. This device turns on a lamp at a finger 'snap' etc
£4.00 each ref 4P82

ELECTRONIC DIPSTICK KIT. Contains all you need to build an
electronic device to give a 10 level liquid indicator £5 00 (ex case)
ref SP194

UNIVERSAL BATTERY CHARGER. Takes AA's, C's, D's and
PP3 nicads. Holds up to 5 batteries at once. New and cased, mains
operated £6 00 ref 6P36.

ONE THOUSAND CABLE TIES! 75mm x 2 4mm white nylon
cable ties only £5.00 ref 5P181

HI-FI SPEAKER. Fuli range 131mm diameter 8 ohm 60 watt 63-20
khz excellent reprduction. £12.00 ref 12P33

ASTEC SWITCHED MODE POWER SUPPLY. 80mm x 165mm
(PCB size) gives +5 at 3.75A, +12 at 1 5A, -12 at 0 4A. Brand new
£12.00 ref 12P39

VENTILATED CASE FOR ABOVE PSU with IEC filtered socket
and power switch. £5.00 ref 5P190

IN CAR POWER SUPPLY. Plugs into cigar socket and gives
3,4,5,6,7.5,9, and 12v outputs at B00mA Complete with universal
spider plug £5 00 ref 5P167

CUSTOMER RETURNED switched mode power supplies Mixed
type, good for spares or repair. £2.00 each ref 2P292

DRILL OPERATED PUMP. Fits any drilland is selfpriming £3 00
ref 3P140

PERSONAL ATTACK ALARM. Complete with built in torch and
vanity mirror. Pocket sized, req's 3 AA battenes £3 00 ref 3P135
POWERFUL SOLAR CELL 1AMP .45 VOLT! only £5 00 ref
SP192 (other sizes avaliable in catalogue)

SOLAR PROJECT KIT. Consists of a solar cell, special DC motor,
plastic fan and turntables etc plus a 20 page book on solar energy!
Price is £8 00 ref 8P51

RESISTOR PACK. 10 x 50 values (500 resistors) all 1/4 watt 2%
metal film £5.00 ref SP170

CAPACITOR PACK 1. 100 assorted non electrolytic capacitors
£2 00 ref 2P286

CAPACITOR PACK 2. 40 assorted electrolytic capacitors £2 00
ref 2P287

QUICK CUPPA? 12vimmersion heater with lead and cigar lighter
plug £3 00 ref 3P92

LED PACK . 50 red leds, 50 green leds and 50 yellow leds all 5mm
£8 .00 ref 8P52

12 " HIGH RESOLUTION MONITOR. AMBER SCREEN
BEAUTIFULLY CASED NEEDS 12V AT1A TTLINPUT (SEP
SYNCS). £22.00 REF 22P2.

RADIO CONTROLLED CAR. Sigle channel R/c buggy with for-
ward reverse and turn controls, off road tyres and suspension
£12 00 ref 12P40

FERRARI TESTAROSSA. A true 2 channel radio controlled car
with forward, reverse, 2 gears plus turbo Working headlights
£22 00 ref 22P6

SUPER FAST NICAD CHARGER. Charges 4 AA nicad'sin less
than 2 hours! Plugs into standard 13A socket Complete with 4 AA
nicad batteries £16 00 ref 16P8

ULTRASONIC WIRELESS ALARM SYSTEM. Two units, one
a sensor which plugs into a 13A socket in the area you wish to
protect. The other, a central alarm unit plugs into any other socket
elsewere in the building. When the sensor is tiggered (by body
movement etc) the alarm sounds. Adjustable sensitivity Price per
pair £20 00 ref 20P34 Additional sensors (max 5 per alarm unit)
£11.00 ref 11P6

TOP QUALITY MICROPHONE. Unidirectional electret con-
denser mic 600 ohm sensitivity 16-18khz built in chime complete
with magnetic microphone stand and mic clip £12 00 ref 12P42
WASHING MACHINE PUMP. Mains operated new pump.Notseli
priming £5.00 ref 5P18

IBM PRINTER LEAD. (D25 to centronics plug) 2 metre parallel
£5 00 ref 5P186

QUICK AIX MAINS CONNECTOR. [deal forthe fast connection of
mains equipment Neon indicator and colour coded connectors
£7.00 ref 7P18

COPPERCLADSTRIPBOARD 17" x4"of 1" pitch "vero" board
£4 00 a sheet ref 4P62 or 2 shests for £7 00 ref 7P22

STRIP BOARD CUTTING TOOL. £2 00 ref 2P352.

3 1/2" disc drive 720K capacity made by NEC £60 00 ref 60P2
TV LOUDSPEAKERS. 5 watt magnetically screened 4 ohm 55 x
125mm_£3 00 a pair ref 3P109

TV LOUDSPEAKERS. 3 watt 8 ohm magnetically screened 70 x
50mm. £3 00 a pair ref 3P108.

TOROIDAL TRANSFORMER. 24v 5A encapsulated 4" dia £5 00
ref 5P34




Mike Barwise delivers
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Fig. 1 Potential divider network at input

n this, the final part of Testing Testing. we will
examine the characteristics of measurement
probes in detail, and discuss the implications
of these characteristics on the results you get
from your measurements

The Pure Resistance

We already saw, when we discussed multimeters, that
the probe and instrument input resistance form a
potential divider with the circuit under test (CUT)
measured node at its input and the instraument input
atits output (Figure 1), Assuming the effect is purely
resistive as in Figure 1, it is clear the measured signal
will always be a little bit smaller than the actual signal
The result is defined by R, /(R +R,) where:

R, is the meter resistance

R, is the input resistance

Anode Lonode Rprobe

Llead

O MEASURED
SIGNAL

= cm

||

Cnoda Cprobe Claad

Lm

ar

Fig. 2 Effective capacitances and inductances

TEST GEAR

In the case of the meters, the input ‘probe’ (a
piece of thick wire) had negligible resistance, and the
meter resistance varies from about 30K to 10M, so the
attenuation of the signal would seem small. The input
resistance is not solely the probe resistance. The ouput
resistance of the CUT node also continbutes: the input
resistance is the sun of the probe and the CUT node
ouput resistance. If either is significant compared to
the meter resistance, the signal will be attenuated, and
the meter will read low. The saving grace is, if you
know the meter, the probe and the CUT node output
resistance, you can correct your reading by applying
the potential divider formula in reverse:

Vreal =Vmeasured (Rnode i Rprobe + Rmeter)/Rme:er

The Impure Resistance

All this is fine for purely resistive systems, but in the
real world there is no such thing. Even the humble
quarter watt resistor also has sorme capacitance and
some inductance, each of which will contribute a
reactive component {frequency-dependent parallel
or series resistance) to the value of the resistor.
Similarly, a capacitor has some inductance and
resistance. a diode has some capacitance, and so on.
These are generally referred to as stray effects, and
their values are mostly small: 10pF and InH are
typical orders of magnitude. At DC, these have no
effect on our results, as at zero Hz, inductive reactance
{sertes) (X,) is zero, and capacitive reactance
(parallel) (X.} is infinite. The moment we start to vary
the signal in the presence of AC), these series and

parallel equivalent resistances (Figure 2) combine with
the purely resistive elements to create an impedance,
but at low frequencies the effect will be negligibly
small. The really critical question is at what point
measurement starts to get unreliable, and to answer
this, you need to be able to calculate the effects
contributed by the stray C and L.

The Formulae

The formulae for calculating the reactance of the stray
effects are as follows:

Xc=1/2nfC for capacitive reactance

XL =2nfL for inductive reactance

where fisin Hertz, Cisin Farads, and L is in Henries.
To derive the impedance we must somehow combine
the effects of the resistance, inductance and
capacitance. As the reactance is a dynamic effect, it
is not valid to just add the reactance to the resistive
component. The correct formula for arriving at
impedance in series circuits takes account of the phase
of each effect as well as its magnitude:
Z=VR2+X?

Where:

Z=impedance (in ohms)

R =resistance

X=XL-XC

X, =inductive reactance

X =capacitance reactance

This formula has a curious similarity to Pythagoras’
Theorem, and indeed, if you plot the vector diagram
of the ‘forces’ involved, they form a right-angled
triangle.

For resistive and ractive components in parallel,
we use the formula:

— L=
z=[T, T
\/RZ T xe
which looks very like the conventional resistors in
parallel formula.

It is generally possible to ignore the effects of stray
inductance here, as for moderate frequencies, a
straight piece of wire like the 'scope probe lead will
have a very small stray inductance in propottion to
its stray capacitance. The 1nH stray inductance typical
of bits of wire like probe leads up to about 1 metre long
will exhibit at most a few ohms series reactance at
frequencies below 20MHz or so. This allows us to use
the approximation:

X=X
In other words, capacitive reactance and resistance

3-10p
Ccomp

w
wL

__,-,#:,._._z\,MM\_/V\/o
Rprobs
PROBE TIP s

Rscope
Mo ol

Fig. 3 Matching resistance and capacitance effects

Cscope

are the only terms we need to consider. Just for
comparison, ECL Il high speed logic working at
500MHz, only allows simple wire connections of 0.4"
or less! Any connections longer than this must be
specially conditioned with resistive loads to minimise
both the capactive and inductive effects of the
connection (impedance matching).
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Do Not Disturb

So far we have only considered the potential divider
effect: the apparent loss of signal amplitude resulting
from probe CUT and node impedance being
significant in proportion to meter impedance. The less
immediately visible but potentially more disruptive
and occasionally destructive effect we must allow for
is the loading effect of the measuring equipment
(including any probes) on the circuit node being
monitored. This loading effect will result in an actual
loss of signal amplitude, due to the extra current being
drawn by the measuring instrument. The results can
occasionally be catastrophic, or at best highly
misleading (see ETI April '90)

X10 'SCOPE PROBE Rin=10M, nominal
Cin=15p 'scope Rin=1M, Cin 30p, total C=15p
Hz Xcin Zin
1K 10M6 TM27
10K TMOG6 1TMC
100K 106K 108K
™ 10K6 10K6
10M 1KO6 1KO6
20M 532R 532R
50M 212R 212R
Fig. 4 Table of Reactances and Impedances for

X10 probe

As we found our right back in part one of this
series, you cannot make a measurement in electronics
without stealing a bit of current, This amounts to
adding an extra parallel load to the CUT node. The
value of this load is equal to the total of the probe and
instrument impedances in series

The effects we are discussing are frequency
dependent, and most significant at the high end which
suggests the best example is the 'scope and its probes.
When we looked at these on a basic level in an earlier
part of this series (ETI Dec. '89) we saw how it is
possible to maintain the division ratio of the
CUT+ probe/instrument potential divider across all
relevant frequencies by matching the resistive divider
with a capacitance in the same ratio (figure 3)
Although the division ratio is maintained constant, this
system does not stop the overall input impedance
from falling as the frequency rises at the measurement
node.

X1 'SCOPE PROBE Rin=1M, nominal
Cin=40p 'scope Rn=1M, Cin=30p, total
C=70p

Hz Xcin Zin
1K 2M27 915K
10K 227K 221K
100K 22K7 22K7
™ 2K27 2K27
10M 227R 227R

X1 probe not characterised above 10MHz

Fig. 5 Table of Reactances and Impedances for X1
probe

If we calculate Zin for the typical X10 'scope
probe of figure 3 over a range of frequencies (Figure
4), we see a pretty dramatic increase in loading of the
CUT as the frequency of our signal exceeds the audio
band. The precise calculation is quite complex, as the
impedance of the basic series/paralle! network is also
modified by the distributed capacitance and
inductance of the probe lead. To simplify the
calculation, a figure is normally quoted by the probe
manufacturer for input capacitance when used with
a standard 'scope input (1M, 30p). This quoted figure
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is the basis for the table of Figure 4.

For a X1 probe, (Figure 5) the figures are even
worse, as the lack of a potential divider and
compensation capacitor produces R,, of 1M and C,
of about 70p once plugged into the 'scope.

The X1 probe will also exhibit a variable
attenuation with frequency, due to the mismatch
between the probe capacitance and the 'scope input
capacitance (C,,qpe/ Cscope NOF €qual to Rygne/Recope) -
This will lead to distortion of complex waveforms, as
the attenuation of upper components will depend on
their frequency: the probe will exhibit significant rolloff
at high frequencies.

Jt will be seen from these figures that, capacitance
takes over from the resistance as the major contributor
to CUT loading in frequencies in the order of 10kHz
for both probes. This is really quite surprising (you
thought youd bought a 1M or a 10M scope probe!),
but. for the X10 probe, the impedance is still in the
10°R range up to 100kHz, which is well out of the
audio band. It is in the megahertz region that things
start to get a bit problematic.

tal

Fig. 6a Effect of Undershoot and Overshoot

{b)

Fig. 6b Effect of adding reflected signals

The Real Problem

The cause of the trouble is really the relatively high
capacitance of the probe assembly (including any
capacitance at the measuring instrument). A very
interesting difference between the two probes is the
contribution of scope input capacitance to the total
capacitance used to derive the impedance. For the X1
probe, C_.. and C, . have to be added, whereas
for the X10 probe, C,.,. can be ignored. The
provision of the potential divider in the probe circuit
has isolated the measurement node from the effects
of C,,p.- The penalty for this is that our signal has
been divided by 10 in amplitude,

Even a X100 passive nrobe, which has an input
resistance (including the scope) of 100M, has an input
capacitance of 6-7p, and the penalty for this
comparatively low capacitance figure is a basic signal
attenuation of 99%!

Get And Keep It Matched

I have heavily stressed this point about impedance
matching, because it is one of the most commonly
ignored sources of measurement problems of all
kinds: bad readings and blown-up circuits,

The matching problem is, in fact, even more
complex than [ have suggested in this outline: quite
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Fig. 7 Adding a terminator

apart from loading and attenuation problems, high
frequency signals can actually be reflected back and
forth along a test lead even interconnections in the
circuit if the source and target impedances are
mismatched. This behaviour is analogous to a
resonant circuit. Let's view this for a square wave. If
the signal transition time is long compared with the
time it takes for the signal to propagate down the lead
and back again, the reflection will add to the transition,
causing overshoot or undershoot (Figure 6a). This is
the most common scenario, and I'm sure most of you
who have used even TTL logic will have seen these
effects on the scope at one time or another. A
common place where they can be observed is at the
ends of ribbon cables 1 metre long. The more
problematic effect of reflection occurs, when the signal
transition is shorter than the round-trip time of the
reflection. The reflected portion of the signal will then
be added to the nominally level portion of the
waveform, creating steps (Figure 6b). These are
potentially capable of taking the signal across its logic
threshold with the possible result of either false
triggering or glitches.

one should take into account the parallel impedance
of the 'scope at the frequency of interest. This would
be difficult to arrange, and the resistor does quite well
for most purposes. The commercially available X10
'scope probe does not suffer from reflection problems
for practical purposes, but you may find them if you
push a X1 probe beyond its quoted frequency limit
{normally about 10MHz).

Why bother with the 50R lead? It will give you
better reproduction of fast signals than the X1 probe
(nearly as good as the X10 probe), and its basic
attenuation factor, when properly terminated, is only
2, which is less of a penalty than the 10 of the 10M
probe.

There is as usual, a compensation, which lets you
off the hook to some extent when trying to match
source and target impedances across frequency. Just
as all our test gear has parallel stray C and series stray
L, so do all the components in the circuit you are
investigating. It is therefore very unlikely that the CUT
node impedance will remain constant as the signal
frequencyrises. If you are lucky (in simple circuits) the
CUT node will drop in impedance at about the same
rate as the probe impedance with increased
frequency. This will leave you all square, with about
the same effective loading at all frequencies, and
about the same match as well. More complicated
circuits do present impedance matching problems,
and they can be very difficult to pin down, particularly
now, when we are returning to overall high impedance
circuits using FETs and CMOS. In my younger days
() we used valve (High Z) circuits and analogue
meters, so these considerations were constantly in the
background. Some basic examples of the deleterious
effects of resistance mismatch were given in Testing
Testing April 90, and it is possible to find many
examples of similar effects in dynamic circuits.

SIGNAL
GENERATOR

o™
A test

Zout = 50R

/}‘JV?

Fig. 8 Finding the characteristics of a probe

PROBE UNDER TEST

Jfﬁ

(o)

=0

SCOPE

The same effects can occur for fast analogue
(linear) signals, but the results are more difficult to
disslocate from normal operational signals.
Fortunately, the average co-axial signal lead or scope
probe has been designed to have a very low
propagation delay, in the order of 2ns, so signals with
rise times less than about bns while they may exhibit
under — or overshoot, are unlikely to be grossly
distorted. A 5ns risetime realises a maximum
frequency of 50MHz, so your ordinary 20MHz 'scope
just won't notice. A 60MHz 'scope may start to show
reflection problems toward its top end, which is why
one uses a terminator (figure 7). If | have a nominal
50 signal source (circuit node) connected to my 'scope
by a 50 BNC lead, I must fit a 50R terminator at the
'scope socket, so the signal does not suddenly run into
the ‘brick wall' of the ‘scope input impedance and
bounce back down the lead. The simple 50R
terminator is ust a 50R resistor to ground, but a perfect

Anywhere small currents are changing at high
frequency, in CMOS oscillators, phase-locked loops,
short cycle RC timing circuits using small capacitors
with high value resistors, the scope probe impedance
may well alter working conditions, although
frequently not enough to disrupt circuit function. You
may never know what changes occur in the signal you
are examining when you apply your probe. When the
probe is off, you can't see the signal, and when the
probe is attached, the change has already been made.
The only way for critical work is to assess the node
and instrument impedances and calculate the
probable effect of the probe.

Impedance Vs Attenuation

For general work, while the X10 probe presents quite
sufficient impedance, its attenuation is too great for
small signals to be easily observed, and for high
impedance measurements, the X100 probe limits you
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to very large signals indeed.

The average good 'scope has a maximum Y gain
range of 5mV/cm. About lcm of trace is normally
required for stable triggering, so the smallest signal you
can lock to is about 5mV p/p. To examine the signal,
it should ideally be about four times this size, or around
20mV p/p {4cm). The X10 probe delivers 10% of the
input signal to the 'scope, so the signal minima at the
probe tip are 50mV and 200mV, which are really quite
large signals. The X100 probe would require 0.5V and
2.0V for the same display.

The answer is some kind of active probe.
Commercial active probes are excessively expensive
for the amateur, but a satisfactory one may be built
at home. The use of a small signal FET can bring
inherent probe capacitance down to around 10p (or
less with extreme care), and DC resistance to ground
can be in the order of 100M. A suitable signal amplifier
can boost rather than attenuate the signal, and once
past the amplifier, there is enough signal to allow
matching of cable characteristics without loss of
amplitude.

The biggest problem [ have encountered working
on such a probe is external siray C. The probe may
have a capacitance in the order of 10p, but as soon
as it is picked up, or put near a piece of metal like the
case of the quipment you are testing, its capacitance
can be quite drastically modified. My experiments so
far have shown that picking up such a probe can
increase its capacitance to ground by about 60p!

I hope to deliver my finalised probe as a project
fairly soon, in the meantime, you might as well check
the characteristics of your existing 'scope probes. This
is all the more important if you have bought cheap
ones such as those available in the hobbyist shops.

Check Your Probes!

An easy way to check the characteristics of unspecified
probes is to rig the test circuit shown in Figure 8. The
signal generator must be known to have a low output
impedance compared with everything else in the test
setup. The amplitude of the signal is measured on the
’scope with the variable resistor at minimum value
(OR), and the variable resistor is then adjusted until
the 'scope shows a reduction of 50% in peak-to-peak
amplitude. The value of the variable resistor is then
nominally equal to the probe impedance at that
frequency. This does not take account of stray effects
in the test rig: most multi-turn miniature trimpots have
quite a lot of capacitance to ground, and the big
precision wirewound ones are quite inductive. It will,
give you an adequate guide to your probe
performance. As the effect is a continuous function,
you should be able to plot a satisfactory graph, and
then use this to assess the intrusiveness of your
measuring system. If you are being really particular,
you would use a set of non-inductive fixed resistors
instead of the variable resistor. A resistance
substitution box would do the trick at lower
frequencies, but a specially designed one would be
needed to minimise the C and L of the switches and
wiring.

Conclusion

That's it for TESTING TESTING, though there are still
a couple of basic test gear projects in the pipeline,
which will refer back to this series. | hope I have passed
on some of the tricks of the trade, and that bright ideas
will be triggered by them.
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_ﬂ: Happy Memories

PROFESSIONAL QUALITY KITS

Arange of high quality kits as supplied to leading UK security companies, allin-house designed
and produced, not to be confused with cheap imports. All kits come fully documented with concise
assembly and setting-up details, fibreglass PCB and all components. All transmitters are fully
tuneable and can be monitored on a normal VHF radio or tuned higher for greater security. Build-
up service available if required.

4164 100ns 64K x1 £1.45 2716 450ns 5 Volt £2.45
41256 80ns 256Kx1 £1.65 2532 450ns Only

ulls £3.50
41256 100ns 256K x1 €155 2732 450ns P £2.15 MTX Mic.ro~miniaturel audio !rgnsmitter. 17mmx17mm. 9V operalion. 1000m range-... £12.95
41464 80ns 64K x4 £2.25 2764 250ns £1.85 r\;‘lr';go Hi-power audio transmitter. 250mW output. 20mmx40mm. 9-12V operation 2223'0;;
214305060 282: fsl\ﬁg’e(gxx41 gggg 5312%86 22822 f:gig VXT Voice activated transmitter. Variable sensitivity. 20mmx67mm. 9V operation, 1000m
o . -1y [o]- JO— i i 18.95
6116  150ns Low SCRX Sub- carrlerscrambledaudlotransmmer Cannotbemonltoredwnhoutdecoderfmedto
power £1.45 27C256 250ns £2.45 radio. 20mmx67mm. 9V operation. 1000m range ........... . L £21.95
6264 120ns Low SCDM Sub-carrier decoder unit for monitoring SCRX. Connects o radlo earphone socket.
power £2.45 27512 250ns £3.45 :e;:i:;&utput for heaéiphgnes 32mmx20mm 9-12V operation . Ac ..................... 21.95
ains powered audio transmitter. Connects directly to 240v AC supply. 30mmx35mm
62256 100ns Low 500 rANQE A MY Kl o e et 895

power £3.95 27C512 250ns £3.75
SIMMS 80ns 1Megx9 £37.50 SIPPS 80ns 1Megx9£39.50

Please call for prices of other chips, same chips but different speeds, quality
discounts etc. Second-hand (pulled) chips available for many of the above
devices at substantially lower cost. Call for availability and price of these and
other items. Full list available upon request.

Low profile IC sockets: Pins 8 14 16 18 20 24 28 40
Pence 5 9 10 11 12 15 17 24

Floppy disk drives 5.25” 1.2Mb or 3.5” 1.44Mb £45.00
Motherboards: 80286-12 £79.00 80286-16 EMS £119.00
80386-SX £269.00  80386-25 £479.00
Keyboards XT/AT 102 Key £39.50 £3.00 Post on these items
Full range of I/0 cards, Hard disks etc: List available.
Please add 50p post & packing to orders under £15. VAT to be added to total.

Credit card orders by 'phone or mail welcome. PLC, government & Educational
orders welcome for minimum invoice value of £15 net.

HAPPY MEMORIES (ETI), FREEPOST
Kington, Herefordshire. HR5 3BR.
‘w‘ Tel: (054 422) 618 Sales, 628 fax

(no stamp needed unless first-class required)

XT89 Crystal controlled audlotransmmer High performance 100mW output. Supplied WIth xtal
for108MHz. Others available to 116MHz. 85mmx 28mm. 9V operation. 2-3000m range £36.95
QTX180 Narrow band FM crystal controlled audio transmitter. 180MHz frequency, Requires
Scannerreceiver or our QRX180 kit (see Cat) 20mm x 67mm. 9V operation. 1000m range £39.95
TKX900 Tracker/Bleeper transmitter. Transmits continuous stream of audio pulses. Variable tone
and rate. Powerful 200mW output. 63mmx25mm. 9V operation. 2-3000m range ....... £21.95
ATR2Microsizetelephonerecordinginterface. Connects between telephone lines (anywhere)
and cassette recorder. Tape switches automatically with use of phone. Al conversations recorded.
Powered from line. 10mmx35mm ., . .£12.95
TLX700 Micro miniature telephonalransmrtler Cnn necls to I|ne (anywhere) swnches onandoff
with phone use. All conversations Iransmitted. 20mmx20mm. Powered from line. 1000m range
...................................................................................................................... £12.95
CD600 Professional bug detector| . Variable sensitivity. Multicolour bar graph readout of
signal strength with variable rate bleeper. Second mode AUDIC CONFIRM distinguishes between
localisad bug transmission and normal lsglnmate mgnal such as pagers cellular etc
70mmx100mm. 9V cperation .. .. £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
sendsterlingbank draftor Eurocheque and add £5.00 per order for shipment. Creditcard
orders accepted on 0827 714476. Trade enquiries welcome.

Send 2x st class stamps for the new 1991 Catalogue.
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E / ; 35 MAIN RD. BAXTERLEY L.‘

NR. ATHERSTONE

WARKS CVA2LE 0827 714478
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Now free!!

(Whilst stocks last) One of the most comprehensive components cataloguesin
the business.

Over 13,000 different components from all over the world, the Cricklewood

Catalogue is a must for the hobbyist and professional. Slmply write, phone, fax

or telex for a free copy

RACK CASES

* Suitable for nstruments, high quality amplifiers and many other

® ONE OF THE LARGEST RANGES OF CONPONENTSINTHE UK | 2t sl sl o

® FAST AND EFFICIENT SAME DAY panels « Separate fronlmounzlmgplale  nofixing screws visible on
. o theirontandthe side ofiheenclosure « Heauy gaugefron! panelis
PERSONAL SERV|CE - ofbrushed aluminium hmshaﬂham»c!wﬂhhﬂpwiegwnal ﬁgndles

* Withventilation slits and plastic feet # Rzar box manufaciured from
¢ VERY COMPETITIVE PRICES’ .Imm steel finishedin black Aack mounting or free slanding. Comes

QUANTITY DISCOUNTS AVAILABLE in quick assemoly fial package

& DISCOUNT VOUCHERS INCLUDED Order Cose F7I%378 D970 wegnt £1°°
- U2 19x175 7x1 2 5kt .
® NOMINIMUM ORDER VA IR S e
u31z 19x525 17x50x12 40kg 31.95
X £ U412 19x70 17x65x12 46kg 34.95
Orders accepted by credit card Please add £300 P&P for the first item and £1.50 for each

addilional item.

‘ |— ﬂ Please add VAT to above prices Owerseas prders welcome:
| S e

CRICKLEWOOD ELECTRONICS LTD, 40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET
TEL: 081-450 0995/452 0161 FAX: 081-208 1441 TELEX 914977

 What's so Special
A  about

PAGE 37

and pages 45, 55, 58 for example

Simply that these are some of the pages which show how
axceptionally wide and varied are the ranges of
COMPONENTS, PRODUCTS and MATERIALS to be found
in our 1991 Calalogue Much practical information is
included and it's all well presented, illustrated and easy to
look up — and to order from.

Rl MAKE
YOURS A

ELECTROVALUE CATALOGUE

WE ARE SPECIALIST SUPPLIERS FOR SIEMENS
FINE QUALITY COMPONENT

Please send £1.50 (cashfPOfchequefsfamps} for your

1991 EV catalogue (postage paid in UK) We give you a

refund voucher for £1.50 usable towards your next order

for £5.00 or more.

FOR QUiALITY COMPONENTS COMPETITIVELY PRICED

Catalogue orders to:—
ELECTROVALUE LTD, 28a ST. Jude’s Rd., Englefield Green, Egham, Surrey TW20 OHB
Phone: 0784 433 603 Fax: 0784 435 216
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DIRECT INJECTIO

BOXES

ometimes a sound engineer wants to
make recordings of a live band on stage,
without interfering with the stage layout.
The flat dweller wants to record electric
guitar without annoying the neighbours,
A recording enthusiast might prefer to change the
standard high impedence musical instrument output
to the typical low impedance mixer input, To many
mixer inputs, high impedance is the least desirable
signal, since microphone amps are usually designed
to take 6Q0R balanced lines.

The balanced line system is used by recording
studios to reduce interference, Audic signals are
passed down two wires, with a screen around them
to shield against magnetic effects. If a current is
induced down the cable by a stray magnetic field, both
audio wires will carry the current. At the mixer input,
only differential signals are amplified, hence any
induced currents that appear simultanecusly on both
wires are ignored. However, most electric guitars and
synthesisers have high impedance. unbalanced
outputs,

A direct injection (DI) box is a simple remedy for
the mismatching of different systems. Several types
of circuits are commonly seen in audio installations.
The first type is called a passive DI box because it
contains no active components! Open it up and you'll
find a microphone transformer at the heart of the
circuit. The microphone transformer does several jobs
at once: isolation, commion mode rejection and
impedance matching. Isolation is important. It means
that one piece of badly connected equipment in the
studio is less likely to blow up another! Common
mode rejection is a convenient feature of a transformer
in this design, as any idientical phase signal appearing
at both ends of a transformer primary winding will
produce no current in the winding, and therefore no
signal in the secondary winding. Impedence matching
is provided by the transformer design.

A practical circuit for a passive DI box is given in Figure
1. It uses a die-cast box and conventional jack socket
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and microphone transformer. A loop

a guitar combo. You just hook the DI box in the
speaker circuit (make sure the loudspeaker

connected properly when using a valve amp) and"

Bob's your uncle!

The box also has an instrument loop, Wthh IS E

handy for signal splitting of microphones, key’bo"al_‘ds
and other gear such as samplers, that have dire

outputs. The DI box can be inserted into the cable

between the instrument and the stage amplifier. On
top of this all, you're given a line input suitable for hig
line level signals, such as tape machine outputs. The

DI box has no balanced input, but this is not a |
problem. [f you have a balanced signal, you probably i)
won't need a DI box. The mechanical Tayout of &

Passive DI box depends on the amount of space
available. A 30 x 60'x 110mm die-cast box will just

enable you to squeeze the jack sockets and a miniature .

screened microphone transformer into the mstde
space

cireuit is
provided for insertion into the loudspeakercircuit of -

A useful tool in the

on stage by Peter
Kunzler.

Fig. 1 Circuit diagram of Passive Injection Box
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RESISTORS {all /W 5%)

R1 100K metal oxide
R2 1K metal oxide

R3 10K metal oxide
R4 100K carben oxide
SEMICONDUCTORS

D12 5VT 400mW zener

PARTS LIST

MISCELLANEOUS

TRt Microphone transformer
impedance 2k primary, 600R balanced
secondary

SK1,2,34 %" mono jack sockets

SK5 %" stereo jack socket

SK6 Canon or XLR three pin socket

SW1 2 pole change over taggle switch

HENRY’S

ELECTRONICS DISTRIBUTOHS

ALL PRICES
INCLUDE V.

SWITCH MODE POWER
’Jfﬁﬂf}@*fﬂﬂ'ﬁlﬂ!"l? SUPPLIES
- TWO MODELS
) AVAILABLE IN
QUANTITY
FROM STOCK

TYPE 1
PEN CHASSIS TYPE
Dut ut = 5 volt Bamp,

Axial Fans in stock < :3'}: gg il E
ﬁgﬁﬂ ::E' 12 volt s 230-250 V AIC Input
and 24 volt. e Verd Size 7.7 x 4.2 x 1.9 ns

XoB0s slees: - £95.95 exnrs £2 95 Al typis of Relays,
Low Voltage, 110/240 Y
TYPE2 ) AJCDIL, OCTAL.
ASTEC : PLUGIN, PCA Ecc
, ENCLOSED - Alsa 110 and 240 VA/C
d METAL BOX . timers

TEST
INSTRUME

UK' largestin-stock
range. Also components
and Semi-conductors

Three pin
mains socket
input, on/off
switch, Qutput + 5 valt3.75amp,
+12volt 1.5amp, - 12 voit 0.4 amp.
115230V A/CInput Size 7.0x 5.3 %2 5ins

Low voltage DC, 3 volt,
G volt, Bvoitand 12 volt BRAND NEW E'I 2.95 Saourity-and Audio/Pa
stocked Post. Pacxii:? and Insurance

E205f0r 10r 2

HENRY'S Aubio

404 Edgware Road, London W2 1ED. Tel: 071-723 1008

B Open & days a week for callers and Telephone orders

B Trade/Export supplied
@ Quantity Enquiries Tel: 071-258 1831
B FAX: 071-724 0322

48

" Wilmslow Audio's NEW range of
yT  speaker kits frem Peerless.

This new range of four kits utilise

CC technology drive units
for optimum performance.

The kit contains all the cabinet
components (accurately
machined from smooth MDF
for easy assembly).

Pictured here the Force 6,
a large floor standing design.

Dimensions:

800 x 275 x 335 mm
Response:

32 HZ - 20 KHZ

AMP Suitability: 30-120w
Impedence: 8 ohms

Price carr.ins.
Force 2 €159 E13pr.
Force 4 €179 £13 pr.
Force 6 £199 E15pr.
Force 8 €245 E£15pr.

All kits are available in Plus and
Basic forms.

Wilmslow
v AUd'O &

DIY Speaker catalogue £1 50
post free (export £3 50)

Wellington Close,
Parkgate Trading Estate
Knutsford, Cheshire
WA16 8DX

Tel: (0565) 650605

Fax: (0565) 650080

Telephone credit card |m
orders welcome S——
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WANTED

Company to manufacture and market Multiplexing
Technique below, in either:-
a. Circuit Form
(Surface mount components)
b. Micro Chip Form
This technique can achieve the following Bandwidths
within the Clock Frequency.

Can Multiplex both Analogue and Digital signals
without the aid of Guard Bands.

1MHZ

250 x 4K"? Voice Bandwidth
25 x 40K"# Music Bandwidth
12 x 80K"* Stereo Music

10M+* 100M**
2500 x 4K"? 25,000 x 4K™
250 x 40KH? 2,500 x 40K™?
125 x 80K 1,250 x 80K"?
6 x 16M"Zrem. 4MH?
IGHZ

250,000 x 4K'?

25,000 x 40K"?

12,500 x 80KH?
62 x 16M™ rem. 8M™?

Technique cannotbeimproved. Circuitcan, butonlyin
3 ways.
a. Higher Efficiency in Electronic Components.
b. Higher Clock Speeds.
¢. Micro-Chipped.

Uutput

Modulsting
Slgnal Tnput

Imerted Clock
Taput

= PuAM
'_L F/T
DIVIDER
o
I e S L
DECADE. 1% Pukiby
COUNTER
o
Aanst a? | |
E ] Pahatt
Fohidy [ Multiplexed
Qutput
s

FOR MORE INFORMATION CONTACT:
MR.D. C. DAVIDSON
OR REQUEST VIA FAX
GREENWOOD COMMUNICATIONS
DEVELOPMENT
TEL: (0602) 598856 FAX: (0602) 502005
DEMUXIN INFORMATION PACK
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PCB

SERVICE
ELECTRONICS| 3721

TODAY INTERNATIONAL

E9103-1 AriennesLights...............cooiiiiiiiii L
E9103-2 64KEPROMEmulator.................cc.oooiiiiininn. N
E9103-3 SSBRadioReceiver.................ccoooviviiiiiiiinninn.. G
E9103-4 Active Loudspeakerboard ......... oo Fn AR H

PCBs for the remaining projects are available from the companies listed in Buylines.

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
not only identifies the board but also tells you when the project was published. The first two numbers are the year, the next two are the
month

Terms are strictly payment with order. We cannot accept official orders but we can supply a proformainvoice if required. Such orders
will not be processed until payment is received

E9003-1 Superscope Y1 input board .................... E9012-1 Infra Switch ............cooiiiieriin, F
E9003-2 Superscope Yg inputboard ... E9101-1 Remote Control — Main Board ............... dJ
ES003-3 Sup.erscope switch generator .................. E9101-2 Remote Control — Display Board ........... H
E9003-4 Business power amp board .................... " . .

. E9101-3 Remote Control Timswitch — Transmit board E
E9003-5 Business power supply board .................. E9101-4 SBC Micro-Controller Board F
E9003-6 Business pre-amplifier board ................. . MR R STy ok boa-deriets=ocs
ES003-7 Water hole . vvoooooeooo oo ES101-5 SBC Practice Interface Board .................. F
E9003-8 Super Siten ...........c.ccovvovereeeireeeinens E9101-6 5in 1 Remote Sensing Switch ............... E

E9003-9 Valsbadge ...........c.c.coeenee ...
E9004-1 Bass Amplifier DC Protection .................
E9004-2 Bass Amplifier Graphic Equaliser .............
E9004-3 Bass Amplifier Micro .............co..oeeiiinee
E9004-4 Quad Power Supply ................co.ll
E9005-1 Business Display ........cccoooeviiiviiiiinn..
E9005-2 Phone Lock and Logger .................c......
E9006-1 Dark Room Timer ...........ccoocoieeennienen.
ES006-2 Telephone Extension Bell ......................
E9006-3 Telephone External Bell ... .....................

d

dJ

E

L

dJ

L

G

D

F

F

L

N

O

O

F

G

C Please supply:

D
E9006-4 Fecko Box ................ SR —— G

E

G

M

E

@

dJ

K

N

L

E

D

G

F

E

C

N

K

H

Quantity Ref. no. Price Code

E9006-5 Bug Spotter .. ........... N A .

E9007-1 Guitar Practice Amp .........ooovvviiiienennnnn.
E9007-2 Digital Frequency Meter .......................,

E9007-3 Footstep Alarm ..............ccoiiviiiiin
E9007-4 Transistor Tester .............coecoieeeeneieenenns
E9007-5 Decision Maker ...............ccccoeviiieeiiiiine,
E9008-1 AC Millivoltmeter .............c..coceeviiinnnn.
E9008-2 Temperature Controller .........................
E9008-3 FM Generator ........ et R AR
E9009-2 Slide Projector Controller ......................
E9009-2 Ultimate Diode Tester ...............c.c...oo...
E9009-3 The Entertainer el - - R NS - SR

E9010-1 Component Tester .............cccocovviviernnnnn.

Post and packing
Total enclosed

Please send my PCBs to: (BLOCK CAPITALS PLEASE)

E9010-2 Active Contact Pickup .............ocovveinine. Name ........c.i i iiiiiinnnnnn.
E9010-3 R4X Longwave Receiver . ............qooeeeie
E9011-1 The Autocue (2 boards, 1 double sided) ... Address .= i alen Salheialate salasrersis 15 sl

E9011-2 Infra-lock transmitter (2 boards) ..............
E9011-3 Infra-lock receiver ....................... o cH
E9011-4 Four-track cassette recorder (record/playback

onechannel) ...l FREEN e | s, RN 4L L0, A TS Postcode . ..........couunuun |
E9011-5 Four-track cassette recorder (Bias/erase oscillator
bodmip, el Mg A K L CHEQUES SHOULD BE MADE PAYABLE TO ASP Ltd.
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TELEPHONE
ORDERS
may be made on

(0442)
66551

ACCESS or VISA

XECCHNIPOVOZINR=TIOTMOO
ar)
-y
w
[y
(=4

e ————— — <2

TO: ETI PCB SERVICE, READERS’ SERVICES,
ARGUS HOUSE, BOUNDARY WAY,
HEMEL HEMPSTEAD HP2 7ST

Price Total Price

£0.75
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UNDERSTANDING
RIAA EQUALISATION
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Fig. 1a Simple RC Filter
Fig. 1b Frequency plot of filter
Fig. 1c Standard non-inverting amplifer
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his article was prompted by a letter by Mr.

Baker in the July 90 issue of ETI in which

he asked for RIAA compensation to be

explained. I hope here to explain the basics

of the RIAA equalisation, why we need it
and how to achieve it. To understand the following
[ have to assume that the reader will be familiar with
anumber of terms that will be used frequently but will
cover them briefly as a reminder.

Gain and Decibels

The gain of a circuit is simply the ratio of the output
to the input voltages:-

Voltage Gain = Vboltage out (Vo) /Voltage in (Vi)
Now for any circuit the gain can be any positive
number from the smallest to the largest that can be
imagined but can never be negative.

When we wish to talk about high or low gains
then the number of zeros that have to be remembered
becomes inconvenient and electronic engineers resort
to a logarithmic scale. For this we use the base that:-

Power Gain in Bels = log (power out/power in)

If we assume that the input and output impedances
are the same then this equates to:-

Voltage Gain in Bels = 2 log (voltage out
/voltage in) since the power is proportional to voltage
squared. But the Bel s still a rather inconvenient unit
so the decibelis used where there are 10 decibels (dB)
to one Bel. This gives .nhe weli kriown relation:-

Gain in dB = 2J log (Voltage out/Voltage in)
A few of the important figures to :»member are that
0dB = timesl
3db =x1/V 2
20dB = x10 and 40dB = x100.

ETI MARCH 1291

Bode Plots

Bode plots are a standard approximation technique
where the curve that forms the response graph of an
amplifier or filter can be represented as a set of straight
line approximations. Consider the simple RC filter in
Figure la, and it's corresponding response graph in
Figure 1b. Now at DC the capacitor will present a
virtual open circuit to the filter and the gain will be
equalto 1. Asthe frequency increases the impedance
of the capacitor drops. At a particular frequency, in
this case at 2kHz the reactance of the capacitor is
exactly the same as the value of resistance, but
because the voltage across the capacitor is 90 degrees

VVId

An assessment of
some hi-fi
characteristics by
David Silvester.

MAGNETIC
CARTRIDGE

AMPLIFIER

; |
NEEDLE |

fa)

OUTPUT VOLTAGE

MAGNETIC CARTRIDGE OUTPUT
LOADED BY 47k

Fig. 2a Loading of magnetic cartridge
Fig. 2b Magnetic cartridge output loaded by 47k
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out of phase with the voltage across the resistor the
output voltage is 1/ v/ 2 or 3dB not one half. With
an extra increase in frequency we reach a point where
the gain of the filter falls at a rate of 6dB per octave
(or 10dB per decade, it's the same thing ) If we look
at the Bode plot then this filter is represented by two
straight lines one horizontal at OdB and the other
falling at 6dB per octave. These two lines cross at
ZkHz. The maximum error in the Bode plot is 3dB
at the break frequency when Xc = R but this is of little
importance compared to the ease of understanding
that the Bode plot allows about the circuit
characteristics. For further information refer to The Art
of Electronics by Horowitz and Hill,

Amplifier Gain Calculation

We will be using the standard non-inverting amplifier
configuration for our later calculations as shown in
Figure lc.

The amplifier gain for this design is 1+ X,/ X))
where X can represent resistance (a simple resistor),
reactance (a capacitor or inductor) or combinations
of them say a capacitor and resistor in series

The Magnetic Cartridge

The magnetic cartridge to which RIAA compensation
is applied consists basically of a coil with a moving

magnet in it. The coil is loaded with a 47k ohm resistor
and an araplifier that is assumed to have no affect on
the loading, Figure 2a. The problem is that the output
voltage of the cartridge depends on the rate at which
the magnet moves in the coil. If the frequency of the
mechanical motion that activates the needle doubles,
although the amplitude remains the same, then the
magnet has to move twice as fast. The output voltage
from the coil will double in frequency together with
the output voltage. This gives the curve in Figure 2b
of rising frequency against rising output. However we
expect that our hi-fi amplifier will have a constant
output with frequency. Thus we need to compensate
for the cartridges output/frequency response. Luckily
for us the hard work of calculating the compensating
amplifiers required response and its Bade plot has
been carried out for us and the RIAA characteristic
is an international standard to which all magnetic
cartridge manufacturers and therefore compensating
amplifier designers have to work. Please remember
that in Figure 3 the Bode plot is presented and the
actual required response is a smoothed curve. The
RIAA curve has break points at 50, 500 and 2120Hz
as shown, the curve being based relative to the gain
needed at 1kHz although the compensating amplifier
will have extra gain to lift the output voltage to a level
usable by the following power amplifier.

30 < T T
\.\
N ‘ |
80 J = | : L
BODE PLOT OF OPEN LOOP
\GAIN oF AMPLI|FIER N
|
70 f— ~ - 4 - -
N~ |
\ |
e |
\
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[22]
=z |
=
é \
50 |- —
46dB "~
~ SN
"~ | | ™
™ .
40 |— : | S - '
30— - _\- | |
26dB |- | [ ™ ! : |
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20 ! T : B =
. T T N
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T
L L | b
10 1 | | |
10Hz 100Hz Hz 10kH2

FREQUENCY (Hz)
Fig. 4 Bode plot of open-loop gain and RIAA Bode plot
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The Equalisation Amplifier

The Basic Needs

The gain needed from the equalisation amplifier
depends upon the input voltage from the cartridge
and the output voltage that must be passed to the
following stage, the power amplifier. To correctly load
the cartridge the input impedance must be 47R to
100k shunted by less than 50p and have an output
impedance of less than 100R. The compensating
amplifier design must try to limit output offsets and
have sufficient gain so that the feedback components
that tailor the basic amplifier response to that required
can operate as expected. Low noise goes without
saying as the magnetic cartridges output is low.

calculate all of the possible combinations and tell
which gives the nearest calculated results to available
component values then I should be most interested
in the results. However remember that components
have tolerances and these will throw out the
calculations very easily. Resistors having 1% tolerance
are no problem, it is the tolerance of the capacitors
that may be troublesome.

On now to Figure 6b, the values of Ra and Rb
have been included. For the first break frequency of
50Hz we know that at this frequency the impedance
of Ca will be 200k, and from:-

Xc = V2 7 x Frequency x Capacitance we can
calculate the value of Ca. The calculated value is
15.9n and the closest obtainable component is 15n.

VVId

INPUT
i )
A5
A2 a?rgg R4
e
£ :-I;
(a) (b)
Fig. 5 Operational Amplifier circuit options
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ouTPUT l'—
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In Figure 4 | have assumed that the
compensating amplifier will be required to give an
extra 26dB of gain at 1kHz and the RIAA response
has been plotted with this offset. The amplifier whose
response we will modify to the RIAA characteristic
must at all frequencies have a gain above the response
needed so that the feedback that controls it's response
will be able to work. In this case I have plotted the
response of a simple 741C device in Figure 4 although
in practice a lower noise audio chip would be selected.
As can be seen the 741’s gain is always well above the
required response curve.

Output Offset Limiting

Consider the op-amp in Figure 5a. If the internal offset
errors in the amplifier are ignored, then the output
voltage will depend on the difference in the input
voltage times the gain. Now if the two resistors R1 and
R2 are of different values whilst the input current
drawn by the amplifier input transistors are the same,
the output will be offset due to the different voltages
induced at the input due to the input current flowing
in the input resistors, Now if R1= R2 then only the
internal transistor errors control the output offset and
these will be small compared to the error introduced
by differing resistors.

One way round having to have different values
of input resistor is to arrange that the gain of the
amplifier falls to unity at DC. This is achieved in Figure
5b where capacitor C gives 100% feedback at DC and
has no effect at operating frequencies. For the
perfectionist R7 can equal R9 in Figure 5c¢ but the
value of R6 must be increased so that the parailel
equivalent of R6 and R7 equals 47R to 100k ohms.
The Amplifier Design
Let us now design the full equalisation amplifier from
scratch using the required response in Figure 4. We
start from the point where the gain at low frequencies
must be 46dB or times 200. Consider Figue 6a.
Please note that in Figure 6 only the feedback
components have been shown but the real world
amplifier will need power and input resistors to work.
Figure 6a shows the base amplifier that must give the
gain of 200 times. Now it was decided that Ra would
be set at 1k ohms and thus Rb must be 200 times
larger or 200k. There is no reason why any other
value of Ra cannot be chosen, and if you wish to
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This value is added to Figure 6c¢.

However the response levels off at 26dB at
500Hz and we need to stop the feedback impedance
falling above this frequency. Thus we add Rc to Figue
6c. The value of Rc arises from the gain needed in the
middle of the 500Hz to 2120Hz band, this being 20
times. Thus Re is simply 20 times the value of Ra or
20k. This resistor is in series with Ca. There is an
approxomation in this calculation but [ shall ignore the

Rb Ch

1
{—
Ca = 15n
Ra =
— Ro = 20k
la)
Ab = 200K
Ra = 1k0
Ca |
il
L
For,
fAb = 200k e
3800p
Ra = k0 i T
i
| 160 20K
(b — A
Ca = 15n Rc 4 00k
By 940
/J; INPUT >_
EROM
CARTRIDGE e
{ei 77 {e)

Fig. 6 RIAA amplifier designs

error at present other than to note that the gain
acheived is actually times 21 not 20 and to get a gain
of exactly 20 times then Rc needs to be 19k but that
is not a prefered value.

The last component to add is the capacitor that
causes the response to fall above 2120Hz. Similar to
the situation in Figure 6b but with a feedback resistor
of 20k we can in a similar way calculate the value of
another feedback capacitor Cb. This calculates to




3750p and component values give us the preferred
value of 3900p.

The last bit to add is the capacitor that causes the
gain to roll off to unity at DC. To prevent distortion the
rolloff starts at 16Hz and since we know the frequency,
16Hz, and the resistance of 1k, we can calculate the
capacitor value and select the nearest available
standard value. Thus we arrive at Figure 6e in which
[ have added the single input resistor that would be
needed if the amplifier were an op-amp operated from
a balanced power supply. If the input has a voltage
offset with respect to ground then a capacitor will be
needed to isolate the offset from the magnetic

cartridge. Remember this capacitor must not affect the
frequency response of the amplifier but because of the
47k input impedance the value will be about 47n.

Alternatives

The design outlined is not the only way of achieving
the RIAA response characteristic, nor does the design
we have just completed have to have the values we
have calculated. Figure 7 shows two alternative ways
of acheiving RIAA equalisation. Providing the RIAA
response is achieved along with the required gain then
you will have achieved the result you need.

INPUT

47k §

+ OUTPUT

22k
270k

Fig. 7 Alternative amplifier designs for RIAA

INPUT

QuUTPUT

4?k§

c2

= 1n0 OR 1500p

75k 51k
= 3n3 6800p
= 910k 750k

\ HART kits give you the

opporlunity to build the very best
engineered hifi equipmentthereis, designed
by the leaders in their field, using the best
components that are available.

With aHART kit you nol only get more performance for your money
but also the added free bonus of your own hands-on experience of
madern electronic assembly, The HART combination of innovative
circuitiechniques, sound engineering design and professional grade
components 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
ofourrange, andthe ideal powerhouse for your ultimate hifi system
Thiskitis yourway logel €K performance for afew tenths of the cost!

Featured on the front cover of ‘Electronics Today International’ this
complete stereo power amplifer ofters World Class performance allied
tothe tamous HART quality and ease of construction, John Linsley
Hood's comments on seeing a complete unit were enthusiastic:—

"The external view is Lhat 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
PCB and no less than four power mosfets, directly mounted on the
board for consistent predictable performance. The sophisticated
power supply features not less than six separate voltage rails, all fully
strabilised, and the complete unit, using a toroidal transformer, is
contained within a heavy gauge aluminium chassis/heatsink fitled
with IEC mains inputand output sockets. To make assembly very easy
all the wiring is even pre-lerminated, 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-noise, volume and balance controls. All
inputs are1aken to gold plated Phono sockets and outputs to heavy
duty 30 amp binding posts. These are also available gold plated as
an optlional extra

Another newoption |at{19 relay switched frontend stage which even
gives atape Input and.é t facility. This meiife that for use with
tuners, taps and CD iy ipeieed any otfier Hat'|
amplifier may be usad oh
signal handling stages, For ygut” ial 5
‘Slave' and 'monobloc’ versians witouLE
power meter are also available. £

Allamplifiers it within our standard 420)%85)0‘3511?11 gase to misten

tem fequiramerits our

our 400 Series Tuner range. The case and frofit plainr?!ﬂnlshed i

textured matt black with white lettering and all parisére | Wfaclsmn ||g-
punched for accuracy.

K1100 STANDARD Amplifier Kit. Total cost of all parts is £553.§h

SPECIAL DISCOUNT PRICE ONLY - AEA28.0.
If Bargraph Power Meter not required Deagiet€32 81
If Relay Input System required Add £3843.

K1100G Option with Gold plated speaker terminals ..... .. ARGE4 40
K1100S SLAVE Amplifier Kit. Total cost of all parts is ..... £382.85
SPECIAL DISCOUNT PRICE ONLY ..o £325.42

K1100M MONOBLOC Amplifier kit. Total costof all parts is £29765
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
manuat ability. If you are stiil not convinced how easy it is to build it
yourselfwitha HART kit you can order the Instruction Manualtoread
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 articles .................... £1.80

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

QUALITY AUDIOKITS |
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%100 Special Offer Stereo Permal

HART AUDIO KITS — YOUR VALUE FOR MONEY ROUTE TO ULTIMATE HI-FI

HIGH QUALITY REPLACEMENT CASSETTE HEADS

.. Doyourtapes lacktreble? Aworn head could be the problem. Fitting

one of our replacement heads could restore performance lo better
nnaw! Standard inductances and mounting make fitting easy on
nidryallmachines and our TC1 Test Cassette helps you set the
aznrp.nh,spo;nn As we are the actual importers you get prime parts
at Iowsrpﬁcds cimpare our prices with other suppliers and see! All
bﬁ;«r usa withany Dolby system and are normally
ayaiilable ex sfock. lﬁsafsqgtock awide range of special heads for
“Roine gfinstructionand industral users
Hﬁﬁ&endum L Alloy Stérec Head. High quality head with excellent
rraquenwramankeand hypmbo!n:facefcrgmdtapaiohead contact
. E17.88

\ch NEW H.ANGEHI h !a Parmn}lw Stsreo Hud Mndem

“wgpacesiva design *uramyﬂmﬂg@nd low cost. Suitable for chrome
metaland lerrigtapes, Iruly agnivetsal replacement head from hi-fi
decksioeat playlrs and at 4n, mcraﬁﬁﬂ’gnrlce tool £6.60
¥ .. £2.85
'HRP373 Downstredm Morior Sterso Comblination Head £44.39

#0551 4-TRACK Redord &Play Perrnalloy Head for auto-reverse

car players or quadrophonic récording,. . .. £16.79
TAPE RECOADER CARE PRODUCTS

HART TC1 TEST CASSETTE. Oum [amots triple purpose test
cassette. Sels tape azimuth, VU level and#ap apeae .......... £5.36
DEM1 Mains P d Tape Head D« 5 i
on playback due to residual head magnenser
DEM115 El ic, C Type, demag
Ournew AUTUMN/WINTER '90 Listis FREE, Sendforyour copy now.
Overseas customers welcome, please send 2 IRCs to cover surface
post, or 5 for Airmail

We now accepl inland and oveseas orders by posl or lelephone 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,

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

ALL PRICES INCLUDE VAT
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Interak 7ﬁ

BUILD YOUR OWN COMPUTER

8 T3 o 3 O 5 o o ) o o Y .r.’ "
8 o EE
= @ i |

INTERAK can be commenced with the minimum of outiay. Bare
boards from £10.85, beg borrow or steal the components, or buy
from us - all parts available separately. No special or custom chips
(ie PALs, ULAs, ASICs eic) used - no secrets.

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

Made for those who must know what goes inside. Full circuit
dla?rams and descriptions are provided. And honestly, can you
really use a computer effectively if you don’t know what's inside and
nobaody 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 lape operation or disk (up to 4 drives, 1 Megabyte 3.5"
available from us, but you can add 3", 5.25", 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 the 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 03), 460 New Chester Road,

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

WE HAVE THE WIDEST CHOICE OF USED FRANELL P 30700 0-30V 01008 £750
LLOSCOFE OUNTRY GOULD K4l Lagh Anayses 32 Channe! £500

TEKTRONIX 2445A Four Trace 150MHZ Dual TB
TEXTRONIN 2215 Dual Traze BOMHE Delay Sweeg
TEXTRONIX 475 Dual Trace 200MMZ Dalzy Sweap

TEXTHONI% 465 Trisce 1DDMHZ Dalny Sweey

P
SCHLI UMBER{:FHJENEH'EC BZ18 Threw Tm_= 200MHZ
aCHLUf-(BE u(:‘uEFUE'\IEI'*‘TF\',' 5220 Dunl Trace 100MHZ

Dalgy Sweep
PHIUPSDM“H?‘.}..alTra..EEr{Wl—-ZDqlax%uw '£400
E 55 Dugl Trace SUMHL Delay Sweep £250
2 Detay Swesp TV Tng £250
0 DS1900 Dual Trace IIMHL T £180
GOULD 08300 — HIGH QUAI 20MHZ Dua\ Trace
2mvicm. Smail. Lighl weighl. NOW ON
(Far batter than same of the New Ridibis

GOULD 082508 Dual Trace 15MHZ TV Trig

SCOPEX 14D15 Dual Trace 15MHZ

TELEQUIPMENT D61A Dual Trace 10MHZ

SE LABS SM111 Dual Trace 18MHZ

TERTACNIX 458 Digital Soeans Dual Trate Dz Delay
25MHZ Sampling Fats .

TEKTRONIX 2210 Ellgllal Starage Sual Tracs S0MHZ
2MHZ Sampling Rata

GOULD 1421 Digital Slorage Dual Traca 20MHZ

(] 35 Digital Storage Duet Trace 20MHZ

GOULD 054020 Digital Storage Dual Trace 10MHZ

TEKTRONIA 434 Dual Tnee Z5MHZ. Tube stirage 4

THISIS JUST A SAMPLE — MANY OTHERS AVAILABLE

BRADLEY Oscilloscope Calibralor 192 with Cal Cert £800
OATRON 1061 Auto Cal DMM. True RMS elc £650
SOLARTAON 7075 DVM up 2 Tz digi ACHMSIDCIOHM £700
MARCONI TF2008 AMIFM 10KHZ-STOMHZ Sig Gen
MAROCHI TE2015 AMIFM 10-520MHE Sig Gan with Tr2w 2400
MARCOMITER015 wihoul Synchmaniser TF24T| £250
MARF-."NI_ TF2018 AMIFM 10KHZA20MHZ Sig Gan

with 73 o
MARCONETFR2048 withaul Syncheonser TF2172 £175
MARCONI TFZZ86357 Level DsaiMster 20MHT — the gair £950
H.P BE20C Sweaper Main Frama |Plug-ne availahle) .£1000
LEADER LWS5E51A Vectorscape T . £600
FARNELL PEGE20H Syrithesised Sag Gan 100KHZ-520M4Z

2402 DE inpust Ei
MARCONISANDERS B0558 Sk Source BOD-2150MHZ £400
MARCONI'SANDERE BITOA ‘iugs-wr:edm -1R00MHZ £400
SYSTRON DONNER 1702 Sig Gen 100MHZIGHZ £850
H P 86164 Sey Gan 1 B-2 AGHZ Eda0
H.P. 85144 Si3 Gn BOOMHZ-2 4GHZ £500

[ TEKTRONIX 491 Speclrum Analyser 15- 12 4GHZ

trom £1,000-£1,400
H P 1417 Speclrum Analyser Syslems Irom £2,000
MARCENI FF2IT0 Spacinim Analyser TIIMHZ £3.000
PHILIPS PA2525 Cugital Misfunctan Mulbmsatar
4% 105% digl £325
KEITHLEY 224 Programmable Currenl Source £1000
FERROGRAPH RTS2 Recorder Tes! Sel wilhn ATU AsNew  £600

FERROGRAPH RTS2 Recorder Test Sel from£15¢
AVO VALVE CHARACTERISTIC METER VCM163 £300
THURLBY PSU PL320MD 30\/ 2AQuadMod Digilal E200
THOAN Bench PSUD-4 Motgrud 300

TELEQUIPMENT CT71 Curve Traces £250
MARCONI T F;?D(}Unlmsal LCF| Be d Baflen from £125
MARCON: TR Autcnialic D AFHZ 001% £175

Koo MﬂecsF?:m. Z{Uﬁ. TF230E fom £100

A BGHE:
g Foog Courtee 1HZB0MHZ . . 060

MAARCON) T2
MARCONI TFH52T H Fower Meater SO0MHZ 1025W, Sohm . €25
IMARCON| TFBGSA AF Power Meter 0HZSS0-E 2nmeiow . €20
FACAL 915 Frog Counter 10-E20MAT. Chvent £150
PHILIPS PIMGRE Urveirsal TevenGourne: BOMME & dgt £130
FEEDBACK SF3806 S Fun i BOHZIMHZ - €140
FEEDBACK FGHOD Fuin Gors SineSa T O01HZ-00KHT £55
TESTER CTH0 Sultase syl 27 Bases £40
[Viava Chata ST INCLUIDED)

LEADER LMVI86A Two Ch Mymeter SHZ500KHZ, 1myv-300V £100
KIKLISLI M3 AC Vimeter Dl Ch 1042 500KHE 000N £75
SOLASTRON 7045 Mullrnates 4 chat 30 mnges. Auto/Man (a1
FARNELL Puda (o System 1HZ 10082 ﬁgamue 40
LOGIC PHDﬁ Fipe 330004 TTLICMOS | ... K0
Lirge ryoe of BENCH PONER BLIPPLES avaiiie from £40
o .-‘_’J"TEHS Various moods fom £25-400

AYO 8 & AVO 9 MULTIMETERS
GOOD WORKING ORDER — PHYSICALLY NOT BRILLIANT,
SUPPLIED WITH BATTERIES & LEADS ONLY £30

Other available Test Set No 1; BMK5; 8MK6 from £65 to £120

LEVELL TM3E AC Wit tHZ-IMHE; SUE0N -£60
LEVEU. TM34 AC leim THZINHE, Dultaooy . €40
LEVELL from £55

-£20

LEVELL Docace O THEEA 0IHTA 220MHE Low
Distoriion fiom €35
MANY MORE ITEMS AT RIDICULOUS PRICES — Lisl available

HAMEG OSCILLOSCOPE HM1005 Triple Trace 100MHZ Delay
Timebase .. £

HAMEG OSCILLOSCOPE HM 604 Dual Trace 60MHZ Delay Sweep

HAMEG OSCILLLGOPE HM2037 Dual Trace 20MHZ Component

fester ’ .

HAMEG OSCILL5CEPE HM2053 Dual Trace 20MHZ Digital Siorage
£610

Al cther models avalable — all oscilloscopes supplied with 2 probes

BLACK STAR EQUIPMENT (F&P ail unis £5)
APOLLO 10 — 100MHZ Counter Timer Ralio/Penod/Time Interval elc

£222
APOLLO 100 — 100MHZ (As above with more funclions) £295
METEOR 100 FREQUENCY COUNTER 100MHZ £109
METECH 800 FRECUENCY COUNTER SIGMEZ 2135
METECH 1000 FRECUENCY COUNTER 1GHT

178
JUPITOR 500 FUNCTION GENERATOA 0 .rlZ'iTKHZ Sine/Sq/Ti E1 10
CFION COLDUA BAR GENERATON FalTviide E209
Allother Black Star Equipment avallable

m,NU CHANG DMF\?LQ].J“; aigt Hand held 28 rar including
IAmIACTIC 1105 A P

(P&P £4) £99.50
ac.mnwamuwmm ¥ £33.50
Canrying Case for above
OSCILLOSCOPE PROBES Switchable x1; x10 (P&P E3)£11

Used =gy
This & 2 VERY SMALL SAVELE OF STOCK. SAE of

g - il 30 r\avn m Manugals supphed if prssiie
o P

CAARIAGE ak rits £15 WT ko be acided 1 Ttal of Geoods & Carniags

—_—

Tel: 0734 68041.  Fax: 0734 351696.

STEWART OF READING
110 WYKEHAM ROAD, READING, BERKS RG6 1PL

Callers welcome Sam- -5.30pm Mon-Fri (until 8pm Thurs)

BRIAN PRICE
B5h ORGAN STUDIOS

66 Ashchurch Drive, Wollaton, Nottingham NG8 2RA
Telephone/Fax: 0602-284766

33 years of experience in high quality organ and keyboard
design behind every BOHM Product

NEW FROM BOHM FOR 1991
2000HDS SERIES ORGANS

* Latest Development of the 1000XL/1030XL Organs.

» Libraryof508 Soundsfor4 Soundgroupsinthe NEWHDS (High Digital SOUND System.
* Sounds from the earlier PM system may also be used.

* Full Classical, Theatre and Combo Sounds may be loaded from Floppy Disc.
* 2 x 61 Note Keyboards, Touch-Sensitive.

* Both manual Split and have Second Touch.

* Choice of 13, 18 or 25 note Pedal Boards, Touch Sensitive.

* 256 Rhythms with Auto-Accompaniment.

* 32 Track Sequencer.

* Alfeatures fully programmable by the user or from Floppy Disc.

* New Smaller cabinet.

* New High-Fidelity Loudspeakers of Slim design.

* New Professional Loudspeakers 200 and 400 Watts.

* Choice of Veneers for Cabinet and Loudspeakers

Supplied in kit form or built by
THE BOHM SPECIALISTS

Part Exchange welcome. Please write or phone for brochures and Prices. Callers
by appointment please or contact one of our agents.

Vernon Pursell, 66 Colcot Road, Barry, South Giamorgan, 0446-733277
Keyboard Services, 9 Kingswood Road, Kingswell, Aberdeen, 0224 744585
Nick Stammers, Westline, Tenfields, Hatton Le Hole, T.8W., 091-526-3589
lan Beech, 8 Ventnor Road, Southshore, Blackpool, 0253-401977
““Take Note,”" 35 Kennedy Avenue, Hoddesden, Herts, 0992-466153

ETI MARCH 1991

Compelitive Prices
Speedy Delivery

FIELD ELECTRONICS

T/A ELECTROPARTS
TV + VIDEO — ELECTRONIC SPARES
IMPORT - EXPORT

342 PINNER ROAD, HARROW, MIDDLESEX HA1 4LB
Tel 081-861 4286/081 427 5778

Fax 081861 4271

Quality Components
& Service

Credil Card
Orders Welcome

ENE

PLEASE WRITE FOR CATALOGUE ENCLOSING 50p A4 SAE
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64K EPROM
EMULATOR

A tool for simplifying
firmware development
on IBM PC
compatibles by Mike
Bedford.

56

ver the last two months we have

published the hardware design of the

SBC-09 control computer and guided

the reader in the art of firmware

development and 6809 programm-
ing. In particular we concentrated on the IBM PC (or
compatible) as a development system and gave some
advice on suitable hardware and software tools. The
one such tool for the PC which is not too readily
available commercially is the EPROM emulator and
as aresult we now present this piece of equipment as
a constructional project. Of course, this emulator is
by no means dedicated to use with the SBC-09 and
has, in fact, been designed to emulate a very much
larger range of EPROMs than just the 27128 used on
the SBC-09

Specification

As already hinted, the emulator presented here is
designed around the IBM I/O Channel specification.
It utilises an 8-bit wide data bus and may therefore be
used in compatibles of either the basic PC or the
PC/AT. DependIng on certain component choices,
it has an access time of as little as 105.6ns (host port)
which means that it may be used with PCs up to
I0MHz and very fast ATs or 386-based machines. It
should be stressed, however, that the author does not
have access to a wide variety of different PCs and as
aresult the unit has only been tested on a 12MHz AT,
the maximum figures being a result of calculations.
In the unlikely event of needing to use this emulator
in a machine with too high a clock speed, a solution
is provided in the section entitled Access Time
Considerations.

Turning to the other end of the emulator, the
target port, can emulate EPROMs up to 64kbytes. In
practice this means the 2758 (if there are still any out
there), 2716,2732, 2764,27128,27256 and 27512
including the A and B suffix variants (lower
programming voltage) and the 27C variants (CMOS).
Also in the 25-series we have the 2516 {identical to
the 2716), 2532 and 2564. Paged EPROMs are not
supported and so the 27513 cannot be emulated
Turning to the access time, things are less stringent
from the target port and an access time of 272ns is

achieved with cheap components whereas by
selecting a few different components, the emulator
may easily be used in place of even the fastest available
EPROMs (150ns).

HOW IT WORKS

There really isn't a lot of difference between the circuitry of one
EPROM emulator and another and it has to be admitted that the circut
presented here does follow that of the author's previous emulstar
{32k EPROM Emulator for the ETI Stand Alone EPROM Programmer)
rather closely. On these grounds, this section will be brigt. An EPROM
emulator is really a memory expansion card but differs from normal
memory boards in that it may be accessed either from the Host
computer {ie the PCl or the targst system via.a pod plugged into an
EPROM socket. This is referred to as dual ported memory and the
busses of the two systems are kept isolated from eachother by use
atwo banks of huffers, only one of which may be enabled at once:
Now depending on whether a signal is an input or an output to the
RAM, the buffers have either their outputs or inputs respecitevely
connected to the RAMs. This can be seen from the circuit diagram,
The one exception to this|s the data bus on the PC port whichneeds
to be able to read or write and therefore a bi-directional buffer is used,

the direction of which is controlled by the -SMEMR signal, It could
be argued that only write access is required but for the sake of using
a 245 instead of 2 244 we get read access too. The data bus onthe
EPROM port only needs to be uni-directional since we are emulating
aread only devioe. The rule for enabling of the buffers is that the PC
gets priority and the EPROM port gets access whenever CE is fow,
sa fong s the PC doesn't want access — this is controlled by IC6
gates band ¢, Attempting to read from or write to the emulator whilst
emulating will cause the targat to crash. Anapparent anomoly on the
EPROM port s that the CE signal is not routed through the butfers
to the RAM but OV s used instead. This is merely to kaep the loading
down to oneload on any EPROM pin and of course, the resultis the
same since the buffer can only be enabled if CE is low. The CE signal
on the PC pert is simply & decode of address bits SA16, SA17, SA18
and SA19. SA19 s connected to the G 1 enable input of the 138.and
50 the board can onfy be located at addresses where this bitis high,

ie above 512k, all moderm machines having RAM at least to this
address. The other 3 address bits would allow the card to be located
atany 64K boundary in the top 512k but since only Y0, ¥7, Y5 and
YBare routed through to LK1 then anly addresses 512K ($800000),
676k [$90000), 832k ($D000) and BIBk (SEO00O} may be
selected, all other slots having conflicting designations, Really the
only other bit of active citcuitry to mention s IC6a and IC9. These
gates simply use the most significant sddress bit (SAT5) to split the
G5 slgnal into & pair, one for each of the RAMS. lastly, one or two
passive bits: R1, RZ and R3 prevent O, WE and CS on the RAMS
from floating when neither set of buffers are enabled, holding these
signals in their inactive state to prevent false wiites. C1-C4 and C5
are dewuphng and reservoir capacitors respectively and ensUre a
good clean power supply.

Construction

Construction of the board is my no means difficult,
However the board is double sided without plated
through holes, and there is the time consuming task
of fitting a number of through pins. The positions of
these are marked on the component overlay and
these should be fitted first. None of these are located
under [Cs so all may be inspected on the completed
card. In just a couple of places, connection of top and
bottom tracks is achieved by a component leads (not
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IC pins as this would prevent use of sockets) so if a
component lead passes through a pad on both sides
of the board it should be soldered to both. As always,
we reccommend use of IC sockets and especially for
the RAMs. Ifitis only intended to emulated EPROMs
up to 32k (ie the 27256) then IC8 may be omitted.
One decision needs to be made during construction,
namely what its base address should be. On a 512k
machine, $80000 is suggested as the card will then
also serve to expand base memory (but not to the
magic 640k). On a 640k PC then the only options are
$D0000 and $E0000 and the choice could depend
on what else is fitted. $80000, $30000, $D0000 and
$E000O0 are selected by linking 1 to 8,2to 7,3 to 6 or
4 to 5 respectively on LK1 which is physically an
8-way solder DIL header plugged into an 8-pin
socket. The only other bit of advice concerns the
inspection and testing of the finished board. This is
particularly important as PCs do not come cheap and
a mistake could prove to be an expensive one. Firstly,
before plugging in the ICs, the board should be well
inspected for blobs of solder or other shorts between
tracks or IC pins. This should be carried out under a
bright light and ideally using a magnifying glass. Using
a multi-meter, infinite resistance should present itself
between + 5V and OV on the /0 connector and that
no two adjacent pins on this connector indicate a
measurable conductance. Actually you may get a
‘*kick’ on testing between + 5V and OV due to C5 but
this should die away. Once the card has passed these
tests, it should be safe to add the ICs and plug it into

a PC. Debug should be used to prove the correctused
to prove correct operation of this card (at least from
the PC port) — if this is something new then the MS-
DOS manual gives full details.

The back panel could be left off but should really
be added. The buylines section suggests it will be less
expensive to use the discarded blanking plate for this
purpose, adding a couple of metal brackets. If this
approach is adopted, Figure 4 should be consulted
for the exact positioning as this is quite critical.

Now to the pods. A solder type header must be
used, it is more robust for frequent pluggings and un-
pluggings than an IDC type and these are available
with high profile covers which means the resistors and
DIP switches can be neatly housed. Also, we have
more conductors than will go into a 28-pin IDC
header due to the fact that all the spare conductors
on the cable carry earth to improve noise immunity.
The fitting of the DIP switch and resistors in the header
can be quite tricky so, if there is a requirement for
emulating onlya single device type (eg the 27128
used on the SBC-09), a considerable amount of effort
could be saved by building up a dedicated pod. These
are made, based on the appropriate multi-device pod,
by missing out the resistors and switches and hard
wiring those contacts made by the switch for the
required EPROM. As a final point, we urge the reader
to label the pods so that after a few months of disuse,
the user won't have to dig out this article to determine
which EPROMs a particular pod supports and what
the DIP switch settings should be.

LJd[0dd

PL1 PL2
PCB EDGE CONNECTOR 34-WAY IDC CONNECTOR
A31SA0 O .1 2 g L QA0 (19)
A30 5A1 O : 2 3 2 O A1 (17)
A21 SA10 O = o 5 "; ic10 f3 Cr A10 (16)
A2958820—— 3| D - 0 A2 (15}
A28 SAB O- 3= : E 1= 0 A3 (13)
A20 $AT1 Q1T i 3 kil o AT 12)
A27sA40— = ik $ —C1 A4 (1)
A26 55 5 36 18] 5636 [2—0as(9)
i Bl
A22 SA9 O :; : f 1 O AZ (10)
A23 SAB O— : : i3 O AB (8)
A25 SAE O———Z  iC2 : e i:. A6 (7]
A10 SA13 O- O A13 (6)
A24 5A7 O= : D ‘g Q g O A7 (5)
A17 SA14 0 . - :7 G A4 i4)
A18 SA1 2] 0 A12 (3)
A16 SA15 O 2% 26 236 36 12 0 A5 (1)
A15 SA16 O——LI A oV {34]
A4 SA17 O—2) B vel10:8 (33)
azsaiso—=c 11 3] (32)
i3 2127 W 3N
A12 SA19 o—: G1 ::, 13 7] 130}
A11 REN O— G2A - gg;
G28
av -I:- ov
2| tcas 3| ICab |47
B11 —SMEMW O 2 D s 5 q [dov
B12 —SMEMR O G 26 O OE (13)
1] | ) i
—]
A35D0 O T = ; o 4 D0 (21)
A8 SD1 O— ics g - 5 D1123)
A75D2 O : ez 0 D2 (25)
A6 SD3 O~ 2 T : O D3 (28)
A5 5D4 O+ = = £ -0 D4 (26}
A4SD5 O = = - D (24)
A3SD6 O _ e = __ 7 0 D6 (22)
A2SD7 O G G 2 <1 D7 {20)
i)
02 oo ST
_Lm .ch =3 _Lca Lcs IC7.8 PIN 28
-l-mn-l--mr. 10nTuonT” 1C1,2,4,5,10,11.12 PIN 10 tECEls)
B1GND O IC3PIN 8, IC6,9 PIN 7
IC7,8 PIN 14
Fig. 1 Circuit diagram for Emulator
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26-PIN CONNECTOR

28-PIN DIL HEADER

PIN1  PIN2 s PIN 1 PIN 268
ToaTC MSIZIS T VpIREST) O Voo
msrﬁ o -
0 Az [ A18(27256.27512) PGM12764.27128)
A'I?é AN o W5
——0 a7 () A13127128.27256.275121N/CI12764)
ATG amo- o
——0as 9 a8
AE!] ABCH
O AR A9
A50 ABO 7
— A4 A11
80 Ano ?_ _
— ——0 A3  OE(2764,27128 2725610EVppI27512)
ﬂJé OF O
T ¥ at0
A20 Apo 9 = e
— —O M () CEI2764,27126,27256) CEPGM(275121
Al H> CECr
Q A0 D7
wd oo ¥
0 DO 06
000 b6 SWITCH SETTINGS
O 01 ?n,—. = CLOSED
0d oso
Quk §Re 2768 6 0°°0°
T — 27128 0 0 C
-0 GND PP . 27288 0 € C
GNDQ D30 27612 ¢ C C
P.
0k 104§ 10k
268 PIN CONNECTOR
Fi%1 PINZ
msé) o
24-PIN DIL HEADER
A12|!: 140 Fie 1 PN 28
a7 0 Vez
A7 J) EiELe)
O A A8
Aﬁé AB Cr ?
A An
ASQ  A9O §
O a4 A1112732) Vpp(2716 2758)
W1
aad ano gl y o =
— —O A2 ) OE(2716 2758 OFVppi2732)
a3 oo
O Az ' A10127322716) AR(2758)
azd ar0o- =
=0 A1 CE
a1 & CE ¥
0 A0 o7
nd bro §
£ Do ) O
00 D5 T
m—CyD1 PE swiTcH SETTINGS
DNS 05 - ? 0= OPENC = CLOSED
-0 D2 o od
020 4O i g T
O 6ND @o3 28 0
GND () Dig 132 €
>

THE 2518 IS IDENTICAL TO THE
SINGLE SUPPLY VERSION OF THE
2716. [ORIGINAL 3 SUPPLY VERSION
OF 2716 1S NOT SUPPORTED}

Fig. 2 Various header connections
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PROJECT

BUYLINES

PARTS LIST (Main Board)

RESISTORS (all %W 5%)

R1-R3 10k

CAPACITORS

C1C4 10n, Ceramic

C5 47516V Axial Electrolytio

INTEGRATED CIRCUITS

IC1ICZIC4,1C10,

IC11ICT2 TAL5244 or 74F variants

Ic3 7415138 — see text on Access Time
Considerations :

IC5 7415245

IC8 741500

IC9 741832

IC7,IC8 62256-15, 6225610, 4325610 or 4325
{See Access Time Conmderanons]

MISCELLANEOUS :

PL2 34-way male IDC connector with latches an
90° solder pins

PCB

Through Pins

IC Sockets 1x8-way, 2x14-way, 1x16-way, 7520y
2% 28-way

LK1 8-way DIL header in socket (listed above) flie

PARTS LIST (2758,2716,2732 Pod)

34-way IDC cable connector (female)

24-pin soider type DIL header with high profile cover

34-way 0.5" pitch IDC ribbon cable

switeh — ordinary miniature toggle or Use 1 gang of 2+ way DIP
110K, %W resistor

PARTS LIST (2764,27128,27256,27512 Pod)
3d-way IDC cable connector female)

28-pin salder type DIL header with High profile cover
Jdway 0.5" pitch IDC ribbon cable

3-way DIP switch

310K, W resistors

PARTS LIST (2532 Pod)

34.way DC vable connector (famalel

24-pin solder type DIL header with high profile cover
34-way 0.5" piteh IDC ribbon cable

PARTS LIST (2564 Pod)

3d-way IDC cable connector (female)

28.pin solder type DIL header with high nrofile cover
3d-way 0.57 pitch IDC ribbon cable

builtthen all the electronic
about any supplier, If the
of shcppmg around wil be

532 i urvlaTnlugnc

Ifthe standard access time versian s bef
! compnnepts will be: m_llahla fr

Cmnpamntsﬁiectmmail (0536 204555). The PCB i availablefrom -
ETI's print service and a PC type metal rear panel may be obtained

from RS Components(Electromail as part no. 435-844. Alternatively,

“youmay wishto add a couple of brackets to aspare PC blanking plate
‘and use this as the back panel. The software is available from the
‘authoron a 5:25" diskette for £10. The address is: 4, Holme House,
Bakworth Kelghlay. Wi Yorkshire BD22 00Y.

Access Time Considerations

The parts list give a number of options for some of the
components, differences being in speed and
accordingly in the access time of the finished unit. For
a 4.77MHz PC or a 12MHz AT (or slower) if it is
intended to emulate a 300ns EPROM (or slower) then
the first component in each list (which also happens
to be the least expensive} may be used and the
remainder of this section can be ignored,

The access time required on the target port
clearly depends on the target hardware and may be
determined by reading the access time off the EPROM
(assuming it hasn't been fitted with a faster than
necessary device). In many cases it is expected that
the access time requirements will be met by use of just
the basic component options.

The development system access time
requirements will be more difficult to meet, especially
for 8 or LOMHz PCs (the ATs having 4 wait states). The
4.77MHz PC requires an access time (address valid
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to data ready) of 445ns which is no problem, even
with the slowest of devices. Similarly, even a 12MHz
AT has an access time requirement of in excess of
334ns which can easily be met. This time is an
estimate since the timing information such as is found
in IBM's Technical Reference Manual for the PC does
not appear in the equivalent AT publication. This time
is therefore the length of just the waitstates which we
can say with confidence is less than the overall access
time requirement. The 8MHz and 10MHz turbo
variants of the PC, on the other hand, requires access
times of 240ns and 180ns respectively. Access times
quoted for turbo PCs are conservative estimates based
on IBMs information for the PC (ie the original
4.77MHz) and Intels data sheets for the faster
processors. The reason [ say they are conservative is
that they don't take into account any possible increase
in speed of the glue logic on the main board —
something which will vary from one manufacturer to
another and on which we have no information. For
a 16MHz AT the time will be in excess of 248ns which
as we shall shortly see is only just less than the access
time achieved with the basic components. This being
so, it may be worthwhile trying these first before going
to the expense of faster versions since as already
pointed out these AT timings are conservative
estimates.

The access times for the emulator are as follows:

from most suppliers but a bit of shopping around (see
Buylines) could well reveal the 100ns part at virtually
no extra cost. This being so, the RAM is the first line
of attack in improving the emulator’s access time and
this change alone will give PC port and EPROM port
times of 220ns and 222ns respectively. We are now
OK for the 8MHz PC but need to shave another 40ns
off for the 10MHz turbo PC. Now going to a 70ns
RAM certainly will push the price up a lot so the
sensible approach for further improvement is to
substitute some of thee chips. It can be seen from Table
1 that changing IC3 to a 74F138 and IC9to a 74F32
will give a PC port access time of 172.3ns and so we
are now within limits for the 10MHz PC. This change
will also reduce the EPROM port access time to
206.3ns but to achieve compatibility with the currently
fastest available EPROMs (150ns) it would also be
necessary to change the 244s on the EPROM port
and the 00 to 74F parts. It should be noted that a result
of substituting 74LS parts for their 74F equivalents is
that the power consumption of the board will rise.

173[04d

PC Access=  RAMAccess + 138Delay -  244Dglay - 00 Delay
Time Time (Binary (Ouiput iHigh to
[Addressto  (CStoDatal  Selectto Enanle iow!
Datal OPHwLi toLow

+320elay  + 245

{High to Propogation
Jow) Delay
EPROM= RAM Access + 00Delay  +27 00Delay + 244 Delay
Access Time  Time iLow to (High to {Output
{CStoDatal  (CStoDatal  Hight Low) Enable
to Low)

+320elay  + 244
{High to Propogation
low) Delay

Table 1: shows the delays of the various TTL chips in
both their LS and their F flavours.

Device Timing Parameter LS F

138 Binary Select to O/P {H-L) 41ns 9.0ns
244 Qutput Enable to low 30ns 8.0ns
32 High to low 22ns 6.3ns
245 Propagation Delay 12ns 7.0ns
00 low to High 22ns 6.0ns
00 High to low 18ns 5.3ns
244 Propagation Delay 18ns 6.5ns

Table 1: TTL Timing Parameters

It is now clear that the PC port access time with
a 150ns RAM and LS TTL devices is 270ns and the
EPROM port access time is 272ns. We can now see
why the PC port timing is OK for a 4.77MHz PC or
a 12MHz (and possibly a 16MHz} AT but will not fit
the bill for 8/10MHz PCs, 20MHz ATs and most types
of 386 based machines. We shall now determine the
necessary changes for turbo PCs and if anyone does
have some sort of mega machine then the same
principles can be applied to determine the changes
necessary (assuming that the timing requirements can
be found out),

150ns RAMs will be the standard part available
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Fig. 3 Component overlay for 64k Emulator showing non component side track work only

In the unlikely event of someone intending to use
this card in a machine of such mind blowing
proportions that none of the substitutions mentioned
will achieve the necessary access time or if such
changes are considered not economical, allis not lost,
Nearly all such machines have non-turbo modes
intended for use with software or hardware which will
work on an AT but not at high clock speeds. The
solution, clearly, is to switch to a slower clock speed
whilst loading code to the emulator.

This could be done manually from the front
panel or a key combination (usually Ctrl Alt -) but it
would be more convenient to do automatically. A
batch file should be produced which will call the
system utility to select a low clock speed, then execute
the load program and finally execute the previously
mentioned utility, this time to put the speed back to
its normal high value. This assumes that the machine
has a speed command (or similar) — many, but not
all turbo machines do.
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Software

A software package is available to allow object code
in either Intel or Motorola (5-records) format to be
downloaded to the EPROM emulator. The file
containing this code is called EMU64K.EXE and it is
therefore executed by typing EMU64K at the DOS
prompt. All the functions of this software are accessed
from a single menu (Figure 5). In view of the simplicity.
there is no on-line help although the software does
prompt the user at certain places. The following is a
brief description of its operation.

The bottom left hand box is a menu of available
actions, these being selected by moving the high-
lighted block using the arrow keys and then pressing
Return. The bottom right hand box shows the current
Filename, Format, Offset and Hardware Address. all
these parameters being stored at the end of a session
in order that they may be recalled when the package
is next run. Each function is now described:
Download On selecting this function the data in the
selected file is written to the EPROM emulator. Any
offset specified will be subtracted from all addresses
in the file. In the event of the file not existing. being
of the wrong format, having an invalid checksum or
having addresses lower than the offset. an appropriate
error message will be written to the screen

New Filename On selecting this function a cursor
will appear below the first character in the filename,
thereby allowing the user to edit this. All normal
editing functions are available. Return terminates this
function.

Change Format On selecting this function. the file
format will toggle between Intel and Motorola

Change Offset On selecting this function a cursor
will appear below the first digit of the offset address

thereby allowing the user to edit this. Valid keys are
the hex digits 0-9, A-F and the arrow keys which move
the cursor. Return terminates this function. Use of an
offset allows a block of code assembled at a non-zero
address on the target system to be loaded into the
emulator at address 0000

Change H/W Address On selecting this function,
the address at which the software expects to find the
hardware of the emulator is changed. This changes
cyclically in the sequence $80000, $90000, $D0000,
SEO000 each time this function is selected. Clearly
this must be set to match the address selected by LK1
on the emulator board.

Exit to DOS Any changes of filename, format, offset
or hardware address is written to the save file and the
program then terminates.

EPROM Eriulator Download Utility
(C) Hike Bedford, 1998.

: SHCBS . TXT
: Hotorola
1 SoeEs

Filenane
Format
Offset

HA Address @ SDBEDA

: ten
| Enter new offset - Fress Beturn uhen done. |

Fig. 5

Last Month

A book reference should have been given at the end
in the second part of SBCO9. Itis: Programming the
6809 by Rodnay Zaks and William Labiak (Available
from Maplin price £17.95). And the corrected ETI
SBCO09 Test program will be reprinted next month.

EASY-PC, SCHEMATIC and PCB CAD

NEW VERSION!
LASER PRINTER SUPPORT!

Still
Only

BRITISH

DESI

AWARD
1989

N

e Runs on:

PC/XT/AT/386/486 Plus PEP+VAT
CGA EGA VGA.

e Design:- i
Single sided, S (S 1T U
Double sided and i "“«.“.i %o
Multilayer boards. T U.,-;’giﬂ_gﬁ_:qa -

e Provides Surface oy Ll
Mount support. A,

e Standard output in-
cludes Dot Matrix

Voo

Uevigs =
ra3 o W31z

! __[ﬂ—r e

printer, Laser : =—':.‘.;¢:}-®~“—"“* = ¥
Printer Pen Plotter, e WH-{:_L
Photo-plotter and e e I“—i l:i_}: :
N.C. Drill, e S e

e Not copy protected| [~ " T

Over 7000 Installations in 50 Countries Worldwide!

Write, 'Phone or Fax for full details:-
Number One Systems Ltd.

1

See us at CAD-CAM, Stand 201

REF: ETI, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND.

Telephone: 0480 61778 (7lines) Fax: 0480 494042 ACCESS, AMEX, MASTERCARD, VISA Welcome.
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ELECTRONICS

TODAY INTERNATIONAL

James Trott
0442 66551 Ext 250

Send your requirements to:

ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST.

Lineage: 55p per word (+ VAT) (minimum 15 words)
Semi Dlspla {minimum 2 cms)

£14.00 per s

le 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

PRESENT

REPORTER
Model T24

MULTI-USE

SELF OPERATING
TELEPHONE NETWORK
OUTSIDE BROADCAST UNIT

ARTRIDGE
ELECTRONICS

UNIT D, 318 HIGH ROAD, BENFLEET
ESSEX 887 5HB PHONE: 0268 793381

NO MAINS

NO BATTERIES
NO MANUAL CONTROLS

SOLAR PANELS. 100mm x
60mm, 2.5V, 0.2W, £1.30. 6 for £7.00.
6" x 6”,6V,0.7W, £5.00. 12" x 6",
12V or 6V, 1.4W, £8.00. 12" x 127,
12V, 3W, £14.00. 36" x 127, 12V
5-6W, £20.00. Prices include UK
P&P. Complete panels available up
to 12V, 12W, POA. Orders to, Bob
Keyes GWA4IED, 4 Glanmor Cres,
Newport, Gwent NP9 8AX.

SPECIAL OFFERS

CATALOGUE £1 + 25p P&P
Fesisior pack, 85 dilleren! 12 values + zer0 oh Ik, ftal
conlenl 1000 resislors €89

LEDs 3mm or Smm red or graen 6p aach yellow, Hpeach

Cablelies 1peach £595 per 1000, £4850 per 10000
Slepping molor, 4 phase, 12v 75 slep 50 ohms
SAA102/slepping motor drve chip £395
FM Transmiller kil good quality sound £860
High quality photo resis & i apoxy glass boards
Oimensions i double sided

; £107
4x8in £240 £260
Bx12in 537 =1
12x12in £1066 ]
Specialofters

Compuler grade capacilors with screw lerminals 38 UUOuI 20\/

870000t 10v €195, 68,0001 15v £2 95 10,000ul 16v, €1 50

7 segmenl common anode led display 12mm 045

LM2331A150 low drop oul Sv regulalor, 10,220 package so 85

88250 P channel mosiel £045. BC559 transistor £3.95 per 100;

74L805 hex nvertor £1000 per 100, used B/48 Microcontroller
0

Slereo LWIMWIFM luned/preamp assy wilh volumefione conlrols
& luning scale. Brand new in makers carion €695, faully £3.50,
circull elc lor above £0 50

Hour counter used 7 digil 240v ac 50Hz £145
LCD display 16 digil 7x5 dols dol malnix €250
QWERTY keyboard 58 key good qually swiches,new €500
QWERTY keyboard with serial outpul no dala 00

Wide range of CMOS TTL 74HC 74F Linear Translslcrs klls
capacilors lools elc always 11 slock Please add 95p lowards P&P,
VAT included

JPG ELECTRONICS
276-278 Chatsworth Road, Chesterfield $40 2BH

Access/Visa Orders (0246) 211202 Callers welcome

PLANS

ELECTRONIC PLANS, laser
designs, solar and wind generators,
high voitage teslas, surveillance
devices, pyrotechnics and com-
putergraphlcstablet 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

64

FM Transmitter Kits
Also a Telephone Bug Detector Kit
Ready buill FM transmitter £6.50 including Post & Packing
These are Commerclal Kils — We also stock a selection of
Scanning Receivers, 80 lelephone tor latest stock or ask lor
@ free catalogue.

HOTLINE SUSCTROMNIES

97 LEIGH RD, ATHERTON, GT. MANCHESTER
Telephone Atherton (0942) 891140 Mail Order Only

CAMBRIDGE COMPUTER SCIENCE LIMITED

35" 720K Diskelle Drives. NEW In Slock ...
10MByle Winchesiers, wsed, 3 months Wiy
525" Digk Drives, 80 Tk, 0500 . - E30.00 pach
5.25" drive cases. oom for deive PSS fan ., £10,00 nach
525" Digk Drives, 80 Tk, DSDD Used, No Wy £15.00 sach
(The C15.00 drives am soid on a sirictly “as is'' basia)

£39.00 each
£42.00 each

5.25" Disks, DSDD, an\Plbmeid 10, L R300 box
40W PSUSY 3758, 12V 154 — 12V 044, cased wih

onfoff switah .. £10.00 sach
Bare swich mods F 2A-12V 01A . £7.00 each

Gould PSU 0-30V @ 5A Limited quantity only . £45,00 each
Single Data lead (BBC Micro lo Disk Drive) .... . £2.00 each
.. £4.00 each
Power lead (BBC Micro to Disk Drive) .............. £2.00 each
Dual power lead (BBC Micro lo 2 Disk Drives) . £4.00 each
68000 CPUs 1lhe firsl orders gel 10MHz chips) . £3.50 each
8086 CPU chips . ... £2.00 each
ZBOA CPU, CTC PIOE1 20 each DMA €200 4.50all 4
74LS TTL, pick and mix, buy 10 or mare for ...... £0.12 each
Types available 00’02 /04 08 ‘11 121315202126
27 '30°32'33'37 138 '42 /74 '83 '85 '86 ‘96 '107 '109 '122

132136 '138 '139 '145 '151 ‘153 157 '158 160 '162 ‘163

164 '185 '174 '191 '193 ‘240 '253 '257 ‘260 ‘298 ' 353 '365

‘370 '390 399 '670
2764 EPAOMS (Ex-equipment)
27128 EPROMS (Ex-sgquipment) .

. £1.00 each
'£1.20 each or £500/5

27128 EPROMS .,
dTC256:25 EPACMS . a
256K Byts DRAM Mo:lulm !rrmlr] Irom equl
G116 2K Byl SAAM

826412 BK Byte SRAM ... ..
B2256-10 32K Byle SHAM

B5256 32K Byla rama

BE Byle NV ram chips 300 sach

£2.50 each
... £3.50 each
£6.00 each
- £1.10 each
£3.80 each
5.00 each
.00 each
£10.00 four
4.00/100

20 pin dif low profile IC sockets E05010
40 pin dil low profile IC sockels £0.60/10 . .. £5.00/100
DEC LSI11/23 CPU cards used bul working . .. £50.00 each
CPU cards Newbrsm) Z80 CPU, 3 EPROMS & 60+
mostly 74L ICs weenenn. £2.00 €8CH
LCD: chips £13.00each
Circuit lester, finds Iaulls in TTL & CMOS Ioglc circuits,
incleads .. .. £8.00 each
Keyboard, 100 ksys on bnam LCD & micro |/l £8.00 each
Metal project boxes drilled & painted bul unused
28x325%5cm £5.00 sach
Toroidal mains lransiormsr 12V AA & 04A
12-0-121A & 2A,9-0-92A £4.0011 £6.00/2£8.00/3
Video Tapes, E180 VHS £2.50 each
Smoke deteclors, small size - . £7.00 each
s-noka asneflors large with escape ligt and pause
£13.00 each

0 by 64 pi

Prices include postage. Add SOp (plus VAT) to orders belnw £5.00. Allitems new uniess stated.
Add 15% VAT to all prices, Send an SAE for our latest list or for more info

Dept ETI, 374 MILTON ROAD, CAMBRIDGE CB4 1SU

CIRCUIT drafting and technical
DTP software for PCs and Amstrad
PCWs. Circuit symbols, graphics
and typesetting all included in an
integrated package, with large
library available. Two discs and
manual £69.95 (PC) or £59.95
(PCW). Creative Technology, 0869
567160.

KITS

NEW VHF MICROTRANSMITTER
KIT tuneable 80-135MHz, 500
metre range, sensitive electret
microphone, high quality PCB,
SPECIAL OFFER complete kit
ONLY £5.95, assembled and ready
to use £9.95 post free. Access/Visa
order telephone 021-411 182t.
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.

EQUIPMENT

———

® Series X Mixer Kils, up 1o

1,000 inpuls, 6 auxiliaries,

versios for PA, recording, ragio,

disco. From £9.92" \

® Creuits for: noise gates,
compressors, excilers, lape
machines, mixers.

© 100mm laders, switches WE REPAIR
© Send 40p for calalogue AUDIO EQUIPMENT

Send 40p for catalogue to:

K. Tek, P.O. Box 172A, Surbiton,
Surrey KT6 6HN. Tel: 081-399 3990

LOUDSPEAKERS

WANTED

e~

alcon DIY SPEAKERS

Send for our FREE price list PL19:

allwe askis alarge S5.A.E. (32p)
(Ovarseas .S, $2 bill)

(Europe — 3 International reply coupons)

SYSTEM DESIGNS (Total Kits):
Focal, KEF Constructor Series, etc.

DRIVE UNITS FOCAL, KEF, Audax,
Celestion, Peerless, Seas,
Elac Metal Dome, Slare, Scanspeak, etc.
Also Group/Disco Units

CROSSOVEA NETWORKS —
Active & Passive Components,
Accessories, Polypropylene Caps.
Expert advice via our enquiry service.
ELEKTOR/KEF PL301
Units, Networks & Components

Full details from
FALCON ELECTRONICS
(Dept. ETI) Tabor House, Mulbarton,
Norfolk NR14 8JT (0508) 78272
(Proprietors: Falcon Acoustics Ltd.)

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

CALL 0442 66551
TO ADVERTISE

ARTICLES WANTED

WANTED

Receivers, Transmitters, Test EQuipment, Components,
Cable and Electronic. Scrap. Boxes, PCB’s, Plugs and
Sockelts, Computers, Edge Connectors.

TOP PRICES PAID FOR ALL TYPES OF ELECTRONICS EQUIPMENT

A. R. Sinclair, Electronics, Sfockholders,
2 Normans Lane, Rabley Heath, Welwyn, Herls
ALé6 9TQ. Telephone: 0438 812 193.
Mobile: 0860 214302. Fax: 0438 812 387
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Courges

MAKE YOUR INTERESTS PAY!

More than B milllon students throughotu the world have found it worth their while! An |C5S
home-study course can help you get a better [ob, make mare monsy #5d Have more fun gut of
Tife! ICS has over 90 years e¥perience In home-study courses an i t correspondence
school In the world, You learn at your own pace, when and whe it ynder the guidance
of expert ‘personal’ tutors. Find out how we can help YOU, Post or phone today for yaur FREE
INFORMATION PACK on the course of your chojce.

(Tick one box only!)

— e —— T - —— E—— cEES e —

. Radio, Audio \
' Eecuchic o and TV Servicing (]
| | Basic Electronic Radio Amateur Licence |
Engineering (City & Guilds) O | Exam (City & Guilds) a
I Electrical Engineering O | Car Mechanics o I
Electrical Contracting/ Computer
I Installation O | Programming (m] I
GCE over 400" and ‘A’ level subjects O
l Mams —_— I
Address P.Code
Insernational Correspondence Schools. 3127314 Hign 3 Suror Surey SN PR ,
Tl [E1-6411 9568 or 041-221 2926 (24 hrs) Emsa-

T — — — — —— S E— SammD e Emen e

Start training now for the following
courses. Send for our brochure — .
without obligation or Telephone us on
0626 779398

Ref: ETI/03/91

Telecomms
Tech C&G 271
Radio Amateur
Licence C&G
—~ Micro-
processor
—_ T Introduction to
Television

Name .

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 SUN

s/

., that you may.

packed courses contain

N 4
C 0L LE.GE N0
TECHNOLOGY

PACKAGED SHORT COURSES

The National College of Technology (NCT Ltd)
offers a range of packaged short courses in
analogue electronics, digital electronics, fibres and
optoelectronics and programmable logic controllers
for study at home or at work. The advantages are

— 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

tape, circuit board and components necessary to
provide both theoretical and practical training.

Whether you are a newcomer to electronics or have

some experience and simply need updating, there

is probably a packaged short course ready for you.

Write or telephone for details, quoting ETT to:
NCT Ltd, Bicester Hall

5 London Road, Bicester, Oxon OX6 7BU

or telephone (0296) 613067 Ext. 202

0 N A L

workbooks, a cassette

MISCELLANEOUS S

COMPONENTS CALL NOW
FOR MORE
500 components, £2 + 50p P&P. DETAILS ON
Capacitors, resistors, transistors, | ETIMAGAZINE KITS, plans, etc, for surveillance,
diodes, etc. Cheques or POs | RING protection (sonic and HV), 007"
payable to K&N Stokoe, 118 gear. Send 2 x 22p stamps. For list
Finchale Road, Hebburn, Tyne and 0442 66551 ACE(TIl), 53 Woodland Way,
Wear NE31 2GS. Burntwoaod, Staffs.

EDINBURGH

RETAIL OUTLETS

HEATHKIT UK spares and service
centre. Cedar Electronics, Cedar
House, 12 Isbourne Way, Broadway
Road, Winchcombe, Cheltenham,
Glous, Tel: 0242 602402

s 3>2 034 0mprm

{ OMNI ELECTRONICS |
stock a wide range of electronic components at
174 Dalkeith Road,
Edinburgh EH16 5DX
Tel: 031 667 2611

Open: Mon-Thur 9.15am-6pm, Fri 9 15am-5pm,
Sat 9.30am-5pm — 1990/91 Catalogue £1 50

PROGRESSIVE RADIO
87/93 Dale Street Tel: 051 236 0154
47 Whitechapel Tel: 051236 5489

Liverpool 2
t ‘THE ELECTRONICS SPECIALISTS'
Open: Tues-Sat 9.30-5.30

CRICHLEWMODD
ELECTROMNCS

One of Ihe larges| component relailers in the UK. Fast and elficient,
same day personal service on 'IN STOCK ITEMS', Very competative
prices. No minimum order. Call Cricklewoad Eleclronics now.

40CRICKLEWOOD BROADWAY, LONDON NW2 3ET
Tel: 081-450 0995/452 0161

SOUTH COAST

ELECTRONIC COMPONENTS
are best seen at

FRASER ELECTRONICS
42 ELM GROVE » SOUTHSEA » HANTS
Telephone (0705) 815584
Barclaycard Access
COME AND BROWSE BEFORE YOU BUY

CALL JAMESTROTT
FOR DETAILS ON
RATES AND SERIES
DISCOUNTS
0442 66551

LONDON
DIRECT ELECTRONICS

ELECTRONICS COMPONENT SFECIALISTS
627 ROMFORD RD,
MANOR PARK
LONDON E12 5AD
Tel: 081-553 1174
Mon-Sat 10-6 pm/Thurs 10-1pm

We stock a large range of TV & Video spares
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Don’t miss the LARGEST single
day show in the UK

NORBRECK

Radio, Electronics and Computing
Exhibition
by the Northern Amateur Radio Societies Association at the
NORBRECK CASTLE HOTEL
EXHIBITION CENTRE,
QUEENS PROMENADE, NORTH SHORE,
BLACKPOOL

on Sunday, March 17th, 1991

Doors open at 11 a.m.

NOPE

* Over 100 trade stands

Naorbreck f

* Club stands e

* Bring & Buy stand

* Amateur Computer stands

* RSGB stand and book stall

* Construction competition

* Organised by over 50 clubs

* Facilities for the disabled -

* Find out what the new NOVICE
LICENCE is all about!

* Free carparking (plus free bus
service from extra car park)

* Overnight accommodation at
reduced rates (contact hotel
directly)

RADIO TALK-IN ON S22
Admission £1(OAP’s 50p, under 14's free)

Hatel

Bisphim

by exhibition plan
Exhibition Manager:
Peter Denton, G6CGF, 051-630-5790)

Next month we really do start the series on LASERs giving
both a theoretical and practical insight into this developing
technology. The first feature looks at how they work and where
they find an everyday use. Ray Marston, the celebrated circuits
man starts a new mini circuit file series and Back to Basics looks
at DC resistive networks.

Having finalised the design of our electronic voltmeter in
this issue, we take to the work bench to put it together in April.

Also on the project front, if you are interested in measuring
anything that moves or rotates and that could be in the highly
mechanical confines or a car engine, then the ETI Tachometer
could be just the instrument you are looking for. Alternatively
instead of constructing the passive Direct Injection Box within
these pages, you might want to knock-up the active version next
month. And finally we present a practical design in EPROM
Erasers where you can wipe out the chip and not your eyesight.

All this valuable information can be obtained in the April
issue from your newsagent on March 1st.

The above articles are in preparation but circumstances may prevent publication

NLAST MONTH

Sensitised—

CilCUit
Circuit Boards

produced rapidly and

® consistently with fotoboard .

Ideal for use in development,
laboratories and other high quality, low
volume production applications. Blue

he February edition featured an Anti-theft alarm to protect

electrical goods, the third part of the Remote controlled
timer, the electrical house manager and a twin-driver speaker
kit construction.

On the features side we presented articles on extracting
energy from waste, a basic course in electricity, the first on the
American idea for HDTV and the second part of the micro-
controller dealing with firmware development.

A limited number of back copies are available from Select
subscriptions.

ADVERTISERS INDEX

66

positive-working photoresist chemistry - I By ISV ERSS P
eliminates the problem of pinholing due to dust BRIAN PRICE ELECTRONICS MAPLIN ELECTRONICS.....
and dirt and is protected by a black plastic peel- CREATIVE TECHNOLOGY NORTHERN AMATEUR RADIO...........
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Boordl\/loker 1 is a powerful soffware tool
which provides a convenient and professional
method of drawing your schematics and
designing your printed circuit boards, in one
remarkably easy to use package. Engineers
worldwide have discovered that it provides an
unparalleled price performance advantage
over other PC- based systems.

commands to start deswg”mc é O
schematic within about half an nour of
opening the box.

HIGHLIGHTS

Hardware:

[ ] IBI\/I PC, XTI, AT or 100% compaiiDie

B MSDOS 3.x.

W 640K bytes system msm

B HCA.CGA MCGA, rC :

B Microsoft or compatible mouss recommended.
qucxblll’ries :

n

]

|

.. Inches.

B 2000 componenis

. moved, rotated, .'epec-

W User definable symoo! or

S including a symi v&l:barn’u edhio

M Graphical licrary cromwss

W Desigr ruie chacking (I

~ clearances be

B Real-time DRC & '-!ry when plocing rocks you

can see o confinuous gicphical disolay of the

design nules sei.

Placemeni gid

7 placemen 2 thouto 0.1inch.

B Auto via - vias & maiically placed when
you switch layers - lover oaiis con o2 assigned by
the user.

W Biocks - groups of irach
<an be block manipu
rofate and mirroring <«

ccr oe maintained if recu
- full surface mouni componsnis and
es are catered for, | Wgiihe use of the

ne SMD library symools on ooth sides of the
boord

B Circles - Arcs and cucle: UG i
board size can be drow
generate rounded T’Of‘

H Ground plane suppor - c-' copper can be
filled to provide a grounc olcr .e or large copper

. areq. This will automat |C"N'-‘ flow around any

| existing fracks and pads resceciing design rules,

cnd snap grid -

O 0

o e

O
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w
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[0X
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Oufput drivers :

‘Dot maftrix:printer.
Compensated laser printer.
PostScript output,
Penplotter driver (HPGL or DMPL).
Photoplot (Gerber) output.

- NC (ASCI Excellon) drill output,

Produce clear, professional schematics for
inclusion in your technical documentation.

PCBIaynut editor provides full analogue dlgltal and
surface mount support - ground and power planes
(hatched or solid)- 45 degree, arced and any angle tracks.

Despite its quality and performance,
BoardMaker 1 only costs £95.00 +
£5.00pp + VAT, Combine this with the
100% buy back discount if you upgrade
To BoardMaker 2 or BoardRouter and your investment
in Tsien products is assured.

Don’t take our word for it. Call us today for a
FREE demonstration disk and judge for
yourself.

Tsien (UK) Limited

Cambridge Research Laboratories
181A Huntingdon Road
Cambridge CB3 0DJ

Tel 0223 277777

Fax 0223 277747

All trade marks acknowledged




Experience anew sensation. An experience that
opens up a whole new spectrum of sound.

Putyourself on stage at the Albert Hall, surrounded by a great
orchestra, Imagine the sound you will hear, every nuance, every note;
or travel up the Nile with an intrepid explorer, & journey not only full of
breathtaking beauty and colour, but rich in the sounds of another
continent; or capture the hidden gasps of 100,000 hardened fans at
Wembly for the F.A. Cup Final, when the ball skims the crossbar with
the last kick of the match; follow with your ears as well as your eyes,
dodging the bullets, as your favourite hero battles out of yet another
tight corner, it's just like being ina cinemal

Nicam hi-fi stereo will turn your living-room into a living room of

Current

Subject to availability. Prices subject to change.

a4 8e 5 T L ELECTRONICS
ey CREDIT CARD HOTLINE

0702 554161

For a friendly welcome and the very best of service why not visit our
shops in Birmingharm, Brighton, Bristol, Leeds, London (Edgware and
Hammersmith), Manchester, Newcastle-upon-Tyne, Nottingham,
Reading. Southampton and Southend-on-Sea.

sound! You don't settle for second best with television picture quality,
why settle for second best in television sound quality? Nicam sound is
the new high quality digital stereo sound system, pioneered by BBC,
[TV and TV/video manufacturers, In fact so good is Nicam it is
comparable to the superb sound reproduction of the compact disc,
when played through your existing hi-fi arrangement, If your television
hasn’t got a built-in Nicam decoder, you will need the Map'in Nicam
Tuner System. Ultimately almost all of your favourite programmes will
be broadcast in superb hi-fi quality stereo-sound. Without a Maplin
Nicam Tuner you won't be able to capture every sound to its full.

Nicam hi-fi stereo. Catch your breath, open your eyes, and pin
back your ears! It's what your hi-fi systemwas made for . , . It's what
your ears are made for!

Digital stereo sound companion for your TV set.

“INVIIN

DIGITAL STEREQ TV
SOUND FROM YOUR HI-FI

The complete kil conlains allthe components
required lo build the unit. However you will also
need: a power supply, 12V at 600mA regulated
e,g. YZ21X at£8.95; aco-ax Y adaptore.g
FS23Aat£1.20; a co-ax leadto connect to your
TV orvideo; RW36P 2m long at £1.28, JW3IN 5m
long at£1 98, or JW40T 10miong at £2.95;a
phonolead to connect to your hi-fi e.g, RW50E at
98p ora SCART/Peritel lead JW36P at £4.95, An
infra-red remote control kit is also available
LP20W at£29,95

Complete kit LP19V only £139.95 incl. VAT + £1
mall-order handling charge.

NICAM

TELEVISION ———
TUNER |




