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 TELEPHONING AEM

~If you've had reason to telephone AEM thls year. chances are that you probably

- haven't got through on;the first try, or the second try, or - given up after that..

The number may have rung for 90 seconds and then dropped out. Or you might®

- have got the busy tone, or perhaps a Telecom recorded message. - The number

you have called has been disconnected. . '

... The first two dre bad enough, but that last one mﬁmates us! And it probably in-
furlates another 10 000 or so subscribers on the 55X-prefix series of exchanges, all
of whom will have the same problem imposed on their lines simultaneoisly!

You see; we're serviced by one of a new series of Telecom digital (AXE] ex-
changes, installed around Sydney's inner west over the past couple of years. Our
555 1677 number has three "rotary" lines (that is, with one call ifi progress; line 1 is
allocated, with the next call, line 2 is allocated, etc). We've been plagued with
problems ever since we moved to these premises in January. Never mind the prob-
lems we had with actually getting a phone service installed (as chronicled on
Channel 7's Probe programme last July), the major problem is actually gettmg the

- service for which we're paying (in advance).

On a regular basis, and I mean almost daily, the lines go out of service, f any-
thmg from a few minutes to a few hours. When they do, and you attempt 1o ring
in, the response may be any of those three listed above. The problem, we. are ad-
vised by the local planning manager, is caused by traffic overload — too " ‘many
users on the system at once. All the lines “drop out” for & period,

It seems that after thousands of complaints from dlsgruntled’subscnbers.
~ pecially businesses, Telecom has learned that it's better to have a “message” on
“the line if a call comes through while the lines are out, rather than the engaged sig-

nal or nothing (which means callers think the number is unanswered. . . ). So, it

was decided (I say."it" because we are unable to determine that a person made the

decision}) to put the “number disconnected” message on when the lines went out.

That includes Balmain Police Station's new number. .

- The local planning manager says that the growth rate in lines for
exceeded Telecom’s planning projections. We understand soms

ing is being

done to alleviate the congestion, but we are told that the problem of the lines

"droppmg out" will continue for the forseeabla future, perhaps
than in the past. Cold comfort, that.

The disruption to our business, which is very dependent on telephone commus® -

nications and on Telecom providing an efficient service., i pnenomenat "iHere's a
further disruption, when it comes to paying the bill. Subscribers Fave to demand a
rebate each and every time the lines drop out! You dlon 1 get it automatically and
you, the subscriber, have to have it reported in ordc.r to get a rebate. The only re-

- bate you get is on the renta] for the accumulated penod the lines were not avatl-,

able.
Ever tried to report a fault so that you get a rental rebate? Boy, the run around

rudeness and bad manners you get! No consideration for disruption, time lost in .-

reporting the faults (from a public phone not on the ‘same exchange), buck-passing,
lost business, etc. We're not the only ones affected. there are probably another 10-
20 000 subscribers in this area in the same boat! .

So, if you call us at any time and the number is' engaged for long penods orgaes . | ‘.

unanswered, or you get the “number disconnected” message — don't give up, we

are here, but it's likely Telecom can’t put you through! The problem is not with the
technology, I believe that's right up to the minute. It's a managemenl problem. For -
all the hoo haa in the press recently about Telecom's management restmctunng, :

when will subscribers (at least in this area) see the benefits? -
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SPECIAL SUBSCRIPTION
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OTC ON SHOW - sevtvsrsmsrsssins 12

A review of OTC's “Seltlement to
Satellites” exhibition currently
running in Sydney.

INTRODUCTION TO
TROUBLESHOOTING PCs &
MICROPROCESSOR SYSTEM ... 26
Graeme Teesdale dispels the myths
and mysteries and shows how lo
approach servicing personal
computers and other microprocessor
based equipment.

UNDERSTANDING THE 2
OP-AMP. PART 1 ccvmsvseensssscsinsess 38
The operational amplifier is one of the
most important and widely used
“puilding blocks" in electronics. This
two-part series will introduce you 10
the op-amp via one of the cheapest

and most widely used types. the 741.

ADVERTISERS
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Captain Communications ...........
DAlaCOM .icerrerreciisesammimesssssisamssseses
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This index is provided as u service Lo o
readers. However, while every efforl is
spent lo make it accurate, the publisher
accepts no respansibility for vrrors ar
omissions.

AEM6511 ONE-CHIP " ¢
30 WATT AUDIO POWER AMP
MODULE ; 66
This must be the simplest audio
power amp project above a few walts
ever described. It's based on the
National LM1875; cames on & liny pc
board and delivers hi-fi performance.

AEM8502 VEHICLE -

TEST SET “ ; 78
This low-cost, simple 1o build test sel
will keep you “old rattler™ on the
road. ' ’

AEM3515 COLOUR ATV TX ... 86
This month we get down to the
business of construction and
alignment, tackling the exciter, the
wavemeters, the video and audio
boards. :

As leatured in the AEMBS511 30 W
Power Amp Module this month. Quite

a versatile little chip..:-

DATA SHEET: -
PN100/200 TRANSISTORS ...iceer. 58
These newly intraduced NPN/PNP
transistors from Rod Irving
Eleciranics can b used o replace i

| huge number
calivms. fulioe Aigations are given
alang with & comprehensyue list of
ypes they can'replate. ‘\':‘ ’

i

NOTE: The Vintage Restoralions col-
umn has been held over owing {0
space constraints.

[ TECANICALITIES

" PROPERTIES OF AUDIO -
- EQUIPMENT :

DATA SHEET: LM1875 " coercrn 72

i of devices in many appli- E

PA FEATURE: ... . .35

Robert Azzopardi discusses the ins

and outs of balanced lines, indecent .
_connections and laying yotr cables.

'SEVEN FUNDAMENTAL

FLECTRONIC FACTS — PART 4 .42

Bryan Maher wraps up, by discussing
“Why does Power = Vi7", 'and a
little look into the wondefs of. -

. Ben Furby reviews the Luton
. Capacitance meler that sports ranges
from 200 pF to 20 000 wF. Not bad!

MEASURING THE OUTPUT

Jack Middlehurs! details how lo -
simply measure that elusive but’ - '
important property ol audio slages, it
the oulput impedance. Il's important B
if you've lost the bass from your
preamp!

LITERATURE REVIEW ... sorarienisons 55
A technical dictionary, a component
guide and reference, and Arisla’s
fates! calalogue are reviewed this
month. R

BASIC USERS’ GUIDE -k
TO DRIVING THE AEM4626
SUPERBIS MODEM ...oovcseernrenneenns 102

lere's how (o get the most-rom the -
“smarls” in your SUPERbis Hayes-
compalible modem. Lols of practical
hints and lips nol included in the :
instruction manual. Probably useful to [
owners of olher smarl modems, too.

USING THE 555 AND 556
PART 3 : e 124 [

This lime we get into a few useful
oscillator applications, including a
light display and a capacilance meter. B
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COMMUNICATIONS

DO-IT-YOURSELF
HF PROPAGATION
PREDICTIONS — PART 2 .......... 107
Now for the nitty-gritty! This month
we present MINIFTZ4, a full-blown
prediction program that provides

- information, for any path, on the
MUF. the signal strength, the
reflection mode and angles and the

. oplimum operating frequency.
Software is available on disk.

NOVICES! WELCOME TO

This month we conclude with
information on going mobile and how
to avoid cracking your whip!

LISTENING POST

| SOFTWARE 116 [

‘Receive, decode and printout Morse,
RTTY and FAX transmissions using a
SW receiver, our Listening Post :
project and your Apple, Microbee, or |
Commodore 64! R

TWO METRES — PARTA. ........117 [

CONSUMER | NEXTMONTH
ELECTRONICS ':‘ e

AUDIO EQUIPMENT
RELEASES FOR 1989 .......cconnn

Ben Furby finds product improvement
nol product innovation or new
technology is the theme for his
survey of recent releases.

IMPROVING YOUR TV
RECEPTION — PART1 X
Picture wobbles gol you worried? = [
Ghosling got you going? VHF or UHF
— can'l decide? Here's a guide lo the
tips and techniques to get the best TV |
reception you can in a lwo-part i3
series. Ben Furby has spoken to the
“experlts” and gleaned their best
advice to pass on lo you.

A TEMP-CONTROLLED

FAST NICAD CHARGER

FOR R/C MODELS

Keeping the charge up to the 7.2 V
NiCad batteries widely used in radio-
controlled cars elc can be a daunting
lask. This nifty NiCad charger project
properly charges those batlteries in
quick-fast time, but makes sure they
don't averheat — which can be very
destructive. It's much more effeclive
than either the crude low-cost
commercial designs but doesn't cost -
an arm and a leg like the “up market" {:
commercial chargers made for this K
application.

BUILD OUR B
PROXIMITY/MOTION DETECTOR
- This simple project is ideal as an add-
on for a burglar alarm system to

protecl areas impossible to wire-up.
Or it could make a great doorway

REGULAR FEATURES

News Review 6

Consumer Electronics News ......... 14

Professional Products News ......... 22

E Semiconductor Scene ....irnnnn. 48
v Noticeboard 54
»Letters ; 64
Bytewide 99

Spectrum 104
Retail Roundup ............. .. 128

Project Buyers Guide ......ccccovvn. 128

COVER

Looking for trouble to shoot in a

microcomputer! Pic: Richie
Nicholson. Design: Val Harrison.

SPECIAL OFFERS

THE ‘PA BIBLE’ ...covviveeersuarssans e 371
Don & Carolyn Davis' Sound System
Engineering is the “bible” of PA and
sound system engineers, lechnicians
and installers. Buy it at a considerable

saving.

A $249 PLOTTER!? ............... vensseress 95
We could hardly believe il, loa!. Get
this COMX PL-80 A4 or continuous
roll plotter at around half its ariginal

list price!
POCKET TESTERS

Great lools for around the house or

warkshop.

alarm, etc. Dozens of applications!
i | Uses all off-the-shelf parts.

Parl 2 of 'Reading Your Oscilloscope’

enesorisennoannan veerns 127
has been held over until next issue.

While these articles are currently being |
prepared for publication, unforeseen
circumstances may affect the final

contents of the issue. :
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‘News Review

Satellites Iin
Australian
search and

rescue

network

Australia will use the international COSPAS/SARSAT
A search and rescue (SAR) system based on transponders
carried by the Soviet COSPAS and US NOAA polar-orbiting

spacecraft.

The system already has an im-
pressive record for lowering
times to find victims of marine
and air mishaps and has saved
hundreds of lives.

Satellite communicalions
would also give reliable commu-
nications no malter where the
craft was or whal the weather
was.

The Federal Government will
finance a new satellite ground
station at Alice Springs to moni-
“tor directly radio distress signals
aver Australia and a large area of
surrounding ocean waters.

During this financial year the

government will spend §31.24 M
on the new facilily known as a
Local User Terminal (LUT). This
will notify the Federal Sea Safe-
ty Centre in Canberra almost im-
mediately of sea or air mishaps.

The orbiting spacecraltl picks
up an automalic distress signal
from an Emergency Position In-
dicating Radio Beacon (EPIRB)
and flash it to the LUT. This will
then posilion the EPIRB and re-
lay its location to the Sea Safety
Cenltre.

The system can also receive
signals from aircraft emergency
location transmitters and savings

of $3.5 M have been predicted
for when the system is operating
fully.

A symposium in Sydney in
Seplember provided an excellent
forum for the government, ship-
ping industry, marilime unions
and slate and Northern Terrilory
authorities to discuss the Global
Maritime Distress Salety System

"{GMDSS), according to Depart-

ment of Transport and Commu-
nications spokesman. o

“The symposium foreshad-
owed an international confer-
ence lo be held in London which
is expected lo adopt amend-
ments to the Safety of Life at Sea
{SOLAS) Convention which will
bring GMDSS into force on the
proposed date of February 1
1992," she said.

“There will be a transilion
period of seven years, when all
ships of more than 300 gross lons
in international vayages will be
fitted with either the new salel-
lite or new lerrestrial radio
equipment depending on where
each ship sails."”

Space shortage

ittle space for manoeuvre for
the Australian Space Board
remains alter the Federal Budget
raised its financing from $3.2M
in 1987-88 to $5.4M this year.
The board said the money was
nol enough to support major new
space industry technology devel-
opmentl projecls in 1988-89.
The Industry, Technology and

Space satellite receiving and locating .
automatic distress signals from downed
aircraft or distressed vessels.

Sateliite

o

Distrassed
Vassel
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Commerce Minister Senator
John Butlon said the level of fi-
nancing would allow the Space
Office, which was set up late in
1987, 1o carry on working wilh
industry. ‘

Its r dle is lo identify apportu-
nities, stimulale entrepreneurial
attitudes and help overcome bar-
riers lo Australia’s gaining a
share of the lucrative interna-
tional market for high technal-
ogy space-related products and
services.

The minister said a priority
during the next year would be to -
co-ordinate the preparation of an
Australian Space Indusiry Devel-
opment Strategy. This would sel
a frame for industry, govern-
ment, acedeme and other sec-
tions 1o work constructively lo-
wards developing a
commercially-viable Australian
space industry.

However, Australia is with-
drawing from the European
Space Agency’s Lyman project,
which is a powerful ultra-violet
space lelescope scheduled to fly
in 1995.

Lyman would cost $400M and
the Australian contribution was
$50M. The head of the Lyman
team, Dr Michael Dopita, ex-
pressed disappointment and said
Australia could become involved
for $15M. which wauld give Aus-
tralia a role in spacecraft engi-
neering and construclion, and
equipment design.

Australia has completed two
space payloads: the Endeavour
space aslronomy payload, now
awaiting a shuttle berth, and the
digital flight electronics unit for
the European ERS-1 spacecraft
scheduled to launch in 1990.

Export award for
bionic ear

Auslreiian electronics tech-
nology has created a small
but highly successful export mar-
ket for Sydney high-tech com-
pany Cochlear, and has won for
it Austrade’s Media Markeling
Award.

Cochlear, one of the Nucleus
group of companies, was estab-
lished in 1983 to make, markel
and develop Lhe bionic ear im-
plant which was based on work
by Professor Clark and his team
at Melbourne Universily and 20
years' hearl pacemaker experi-
ence. The implant gives deaf
people some hearing.

While presenting an award lo
the Cochlear company at its
Lane Cove premises last month,



Austrade’s chairman Mr Bill Fer-
ris said many Australian com-
panies had resisted exporting be-

- cause it was loo much trouble or
the margins were too low.

“But this company has estab-
lished a role model of what can
be achieved,” he said.

"They have had o be competi-
tive lo exist,” Mr Ferris said.

{One wonders how many gut-
less Australians who give up at
the thought of competition need
a bionic implant before they will
hear the message. — Ed.)

More than 90 per cent of
Cachlear's sales are in its exporl
market, the breakthrough having
come in 1985 when the US Food
and Drug Administration ap-
proved the bionic ear implant.

Cochlear's export success with
ils bionic ear exemplifies the el-
ements advocated for years as
the sort of way this counlry must
go.

The product is high-ltech, ow-
ing a lot to university research.
(Never forget that Hewlett Pack-
ard began in a garage, but based
on Stanford Universily's re-
search facilities.) It uses the high
level of technical education ex-
isting in Australia.

1t is batch production, so not
likely 1o attract competition from
the mass-manufaclurers of the
USA, Europe, or Asia,

As a product of small size but
high value, it represents the clas-
sic Swiss walch export: to send
the product around the world
costs only a small proportion of
its selling price. Thus Australia's
distance from world markets be-
comes irrelevant in this instance.

Cochlear has established for
itself expertise and experience
that make it uneconamic for any
would-be competitor to chal-
lenge.

Recognition and encourage-
ment of Cochlear's success by
Austrade {the Australian Trade
Commission), as an example 1o
others, also in reverse recognises
an enlighténed political adminis-
tration (Senator Button is the re-
sponsible minister), without
which industry cannot flourish.

‘O‘ur robot
population growth
reaches 30 per cent

Robuls in manufacluring and
industry formed the subject
of a symposium at Sydney, No-
“vember 6 to 10, when more than
70 speakers from Australia and
overseas spoke lo the theme:
“Robots: Coming of Age".
Keynote speaker Dr Peler
- Davey of Meta Machines in the
UK discussed the need for future
robots to have sensors and intel-
ligence developed to creale new

generalions of machines.

He believed sensors would be
necessary before the robols’
population could rise dramali-
cally, although industriel robots
made up the greal percenlage of
the robot population.

Dr Davey described three
leading groups of industrial robot
applications which sensors ben-
efited: mechanical and electronic
assembly; seam welding, in-
cluding all are, plasma and laser
welding; and a third area in-
cluding seam sealing, transport,
deburring, cutting and similar
operalions that had to be related
lo the actual positioning of part
surfaces or joints.

Another speaker, Mr George
Dodd of the Computer Science
Department of General Motors'
Research Laboralories in the US,
discussed arlificial intelligence
using robolts, machine vision and
knowledge-based techniques in
car making.

Despite the numbers of robols
in car making, Mr Dodd believed
that area still needed a lot of de-
velopment. '

“Robot capabilities must be
expanded to provide responsive
control using input from sen-
sors," he said.

“Rabot hands and grippers
should be generalised, eliminat-
ing the need to redesign the ro-
bol when it handles new pars.

“Material delivery systems
and programming language
capabilities must be expanded lo
accommodale variation in the
workplace."”

He said machine vision sys-
lems needed lo be generalised,
sped up and their costs reduced.
Researchers waorking in thase
areas should become more fa-

miliar with industrial processes.

and issues.

The symposium, designated
the 19th by the Intemalional

. Federation of Robolics, was the

firstin the Southern Hemisphere.
It is sponsored by the Australian
Robol Associalion, the nalional
professional society concerned
with robots and their applica-
tions and implications.

The symposium and exposi-
lion was being jointly promoted
with World Expo 88, with finan-
cial help from the NSW Depart-
men! of Business and Consumer
Affairs, .

The man regarded as the
“Father of Robols" addressed the
opening session in the Sydney
Opera House, reporling sleps to
develop robots to do useful lasks
in homes.

Australia has a robot popule-
tion estimated at 950 with a year-
ly growth of 30 per cent. Like
other countries, Australia uses
them largely in car manufacture,
with Ford and General Molors-
Holden having increased their
numbers. Arc welding is a large
applicalion for robots.

The Federal Government has
designated robols as a “sunrise
industry” worth being specially
promoled and supported.

A novel Australian use for ro-
bots includes a system for load-
ing nuclear wasle containers into
a press at the Australian Nuclear
Science and Technology Organi-
salion’s demonstration SYNROGC
plant, where they handle pay-
load temperatures above 1100°

Lower power bills

y maintaining extremely ac-
curate lemperatures in plant

:and equipment it controls, an en-

ergy saving device claims to pro-
vide dramatic savings in any

commercial or industrial plant in
refrigeralion, air conditioning or
hot water. o

An invention from Queens-
land, the Energy Saver — an en-
ergy monitoring and control unit
— has been tested commercially
at such places as McDonalds,
Seaworld, Australia Post, South-
port Golf Club and the Ocean
Blue Resort, the markeler says,

Average savings of more than
35 per cent in energy costs re-
sulled, the general manager of
the maker, Megapine, Mr Ross
Hancock said.

“Our trials suggest it is one of
the most efficient energy moni-
toring and control units in the
world, capable of dramatically
improving the efficiency of re-
frigeration, air conditioning and
hot water systems and reducing
operaling costs,” he said.

"This is leading-edge Austral-
ian lechnology with worldwide
market polential.”

He said an example was
Squirrells Restaurant on the Gold
Coast.

“Trials at (he restaurant
showed a 48 per cent saving over
a six week period, producing a
projected full year savings of
$956 on an annual power bill for
the freezer equipment under
trial.”

Mr Hancock said Megapine
was so confident of the unit it
was backing it with a moneyback
guarantee against a pledge lo
save al least 20 per cent in elec-
tricity costs or an 18 month pay-
back periad.

The Energy Saver is an intelli-
gent, microprocessor-controlled
thermostat/timer that replaces
conventional capillary, bi-metal
and thermocouple thermosiats,
significantly improving the ef-
ficiency and cost-effecliveness of
energy use.

It is self-programming, adjust-
ing to the thermodynamics of
each individual application
through a 24-hour *learning"
cycle, enabling it o ascertain the

period and frequency for the D
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- plant/equipment lo be switched
‘on lo maintain a conslant lem-
‘perature and then modify the
cycle lo use energy best.
- 1t hes a differential thermostat
precise lo £1° C, wilh a protec-
tive anti-short cycle mode for
cooling compressors, reducing
temperalure swings and energy
consumption. It automatically re-
programs itself every 14 days to
. allow for changes in environ-
menl and season and load.
~-An override control ensures
strict lemperature maintenance.
There is a constant digilal tem-
perature display with the tem-
perature monitored and dis-
played every 30 seconds, and an
alarm which is triggered should
the controlled equipment fail or
develop a fault.

Megapine's office is al Level
41, Northpoint Tower, cnr
Miller St and Pacific Hwy,
North Sydney, 2060 NSW.

Aussie company
takes bells to Bell

local telecommunications
company, Perth-based
QPSX Communications, 18
months after forming has broken
through twao Parners the first, ta
create. a revolutionary high
speed lransmission system, and
to sell a pilot installation in the
US to Bell Atlantic.

QSPX's executive co-directar,
John Hullet, said the technology
of the integrated voice, dala.
conference video, imape and
graphics transmission system
represented a breakthrough as
significant as the compuler chip's
development for computers.

“The system enables different
kinds of communication require-
- menls, including thase for com-
puters and telephones, lo share
the same wiring and switch-

‘gear,” Mr Hullet said.

“1t also speeds up information
transfer so that specially com-
plex messages — pictures, plans
and even medical diagnostic im-
ages — can be transmitted with
speed and ease.

. “Diagnosticians, for example,
wherever they are, may have im-
mediate access lo patient X-ray
and CAT scen records from vast
compuler memories.”

" QSPX is a joint venture be-

" tween Telecom Australia end
Unicom Research, which is a
University of Weslern Australia
company.

Mr Hullet said Bell Atlantic
had evaluated the system, and
had agreed with QSPX to install
a trial system in Philadelphia.

*“This conlract is a major
breakthrough for QSPX Commu-
nications,"” he said.

“Bell Atlantic is one of seven
major Regional Bell Operating
Companies providing telephone
services lo US customers, We are

_ negotialing with the other six, as

well as major telecommunication
autharities in Europe and Japan.

“We expect this contracl to
encourage many of them to fol-
low Bell Alantic's lead."”

Australia  imports  about
$A1000M worth of lelecommuni-
cations equipment each year but
ils exports come to only SA50M.

Mr Hullet said the imbalance
arose because Australia was a
only a maker of telecommunica-
tions gear, not a designer.

“The technology breakthrough
gives Australia the very real
capability to address the trade
imbalance.

“One of our major coups has
been having the system accepted
as the new Inlernational Stan-
dard for Metropolitan Area Net-
works.

*This has been a primary fac-
tor in mounling an effeclive US
marketing and posilioning cam-
paign.”

A similar pilot project, for
Telecom Austria, worth $5M,
would provide trial Metropolitan
Area Networks (MANs) in
Sydney and Melbourne, begin-
ning early next year.

Fibre oplic transmission is
ideal for the QSPX MANs be-
cause of fibre oplic's high
bandwidth and low bil error rate.

QSPX said the technalogy
would make a major impact on
telecommunications in the next
decade, allowing the concept of
a global electronic village lo be-
come reality.

Life after the
Tower of Babel

our ASC language labora-

tories have been added to the
original twa that Sydney Univer-
sity bought in 1977. The [our
new ones can each accommo-
dale 22 students during class
session, with 160 one-hour
sessions scheduled each week.

French is popular, lollowed by
Ntalian and German, but with
Japanese mcreusmg in populari-
ty.

Big Austraiian
spaces out

HP has set up an aerospace
and electronics subsidiary
that it says is shorilisted lo bid
for the up to $500 M worth of
work 1o ‘develop Australia’s
Jindalee over-the-harizon radar
network.
BHP Aerospace and Electron-

‘ics is already talking with the US
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defence contractor Raytheon
about possible involvement in
the radar project and is looking
to supply praducts and services
for civil and defence areas.

The company will also take
over BHP Engineering's joint bid
for the Royal Australian Navy's
$100M laser airborne depth
sounder (LADS) project.

Electronics for
dopey athletes

llegal drugs are big money:

and the Seoul COlympic
doping-control labaratory
bought about $US2M warth of
equipment to help keep Olympic
athletes honest.

The HP equipment had to ana-
lyse samples for more than 3700
banned substances, plus several
hundred related ones. HP also
lent the laboratory another
$USIM worth of instrumenls
during the games.

There are five main classes of
drugs lhe athletes might use:
stimulants, such as ampheta-
mines and higher-than-normal
levels of caffeine; narcotics, in-
cluding morphine and codeine:
anabolic steroids, used to accel-
erate muscle development; beta
blockers, which have nothing to
do with VHS but reduce heart
rate and give a calming effect;
and diuretics, which dilute urine
lo lower the presence of other
banned substances and also help
athletes to qualify for lower
weighl classes before an event.

HP supplied analytical equip-
ment that included gas and
liquid chromatograph spectrom-
eter systems (GC/MS, LC/MS)

-thal could detecl concentrations

as low as one parl per 10”: some-
thing like spolling a sugar cryslal
in a buckel of sand.

The equipmen! operaled 24
hours each day of the games,
handling as many as 200 samples
daily. All medal winners, fourth
place winners and randomly
selected athletes were lested.

In all, some 6000 analyses
were run on 2000 samples.

HP has supplied sports medi-
cine laboratories to events such
as the Pan Am and Asian Games
and World Cup Soccer.

Life on the
international
airwaves

Furtharing the modernisation
of the Voice of America
broadcasting, the American Gov-
ernment has contracted to spend
more than 3US56 M far state of
the art 500 kW shoriwave trans-
mitlers and ancilliary equipment.

The latter includes a high
power switch matrix, coaxial
rransmission  lines,  baluns,
dummy loads and related aquip-
ment for VoA's new. slahon in
Morocco.

Contract options will allow
standardisation on identical
equipment if money is granted to
for the VoA to proceed with
planned new stations in Thai-
land, Sri Lanka and Botswana.

‘While 78 per cent of the mon-
ey will be spent in the US, either
Thomson-CSF of France or its
American licensee, Varian-Eimac

Weather stations
beam it down,

Scotty

he 32 observing slations in

the Australian Bureau of Me-
leorology will gel a two year
supply of modem, lightweight
radiosondes and ground based
equipmenl, including micro-
computers for processing and
transmitting weather informa-
tion. ’

ATracimi oy
) NAL OOH

rury ey
=l .

Cut away drawing of the
valsala radiosonde, which In
1990 wlill be reporting weather
data In Australia's skies up to
30 km. It Is 1447 x 90 x 55 mm,
welghs 100 grams, and Is
trangported by a hydrogen-
filled bafloon.

The radiosondes are balloon-
borne instrumented packages
that lransmit temperature, pres-
sure and relative humidity meas-
urements every few seconds, up
10 altitudes of 30 km. ’

Cosling $4.12M, the conlracl
provides for spending up to
$11.7M over the next 10 years al
the Bureau's oplion. The contract
is with Vaisala, an Australian
subsidiary of the Finmsh ﬁrm
Vaisala Oi,

The new system will be more
accurate and reliable, and will
make the dala available fasler-
and more frequently. The Bureau
expects it lo be operating in its
upper air observing statmns by
early 1990. Q, S




Now, the perfect measure of
conomy plus performance In a
low cost, 50 MHz scope
backed by a 3 year warranty,
The new 2225 exemplifies Tek
quality at its pure and simple,
afjordable best.
Scope. Probes. 3-year
warranty, 10-day free trial with
money back guarantee. One
free call gets it ali! Call Tek
direct to order or obtain
literature. Technical personnel
can answer your questions and
expedite delivery. Each order
includes probes and operator’s

manual. Everything that say

‘ genuine Tek!

Call Maree Ritter
at Tek direct:
008 - 023342

or (02)888 7066

{ Bankead | wmm m R m
s tron

accepted R wrre WA: (09)325 8433

Head Office: - QLD: (07)394 1155

80 Waterloo Road, ACT: (062)516 111
North Ryde N.S.W. 2113 . VIC: (03)836 3355
(02)8887066 - '"SA:(08)223 2811

. PLUS SALES TAX
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OTC on show

Ben Furby

If you thought OTC stood for
Old Timers'
Communications

you could be forgiven, but
only after viewing the

OIC's *'Settlement to
Satellites” exhibition,
currently on di3play

in Sydney.

NOW RECOGNISED as electronics’ Most
Endangered Species, a UV201A valve has
been trapped and brought into captivity.
If you live in Sydney, you have the
chance to see it on display. The LEGEND-
ARY ‘01A is one of many exhibits, old and
new, on show daily, 10 am to 4 pm, until
March next year at the Overseas Telecom
Commission's International Communica-
tions Centre in Paddington, Sydney.

You can see fibre optic cable, with re-
peaters as will carry communications un-
der the Tasman, along with models of sat-
ellites carrying communications above
the Tasman, the Pacific and other seas.

Computer terminals where you can ac-
cess news, airline bookings, and other in-
formation sources, that we have been
saying for years must come, are glimpsed
at the exhibilion. You can try them for
yourself for hands-on experience.

Inieresiing fimes

What 1 found particularly mlereslmg was
the Wheatstone and Cooke single-needle
telegraph: somewhat different from the
pair [ made ‘in my schooldays, but the
same principle. The single needle instru-
ment was derived from the original five-
needle telegraph, the world’s first practi-
cal electrical one. Wheatstone also crops
" up again with his alphabet telegraph in-
strument, and Morse gets intoc the act
with a sounder and inker or two.

Thomson, before he became Lord Kel-
vin, is represented by the classic mirror
telegraph for the Atlantic cable.

Samples of cables, historical and re-
cent, contrast with the small size of the

The world of communication’s past. Look at that wonderiul ofd gear! Polished wooden
cablnets, bakelite panels, chromed me_tal parts — ah, nostalglg’s not what It used»lo be!

Tasman fibre oplic one which will carry
our undersea telecommunlcanons for
decades to come.

For those who think that old radios
with valves are boring modern technol-
ogy, there are one or two examples of co-
herers, proving that there was radm BV
(before valvest).

You can see sohd-slate, circa 1912,
complete with catswhisker, illustrating
the march of technology. The crystal and
its holder take up more space than a
board mounting half a dozen ICs.

If you bring a friend, you can talk to
each other while walching the other per-
son in a videophone. But if you're by
yourself you can experiment with the
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Lost for Words game. This responds to
five languages but despite its boasted eru-
dition, it doesn't recognise French. Funny,
because I had good teachers.... Alors! The
computer must have a southern or Breton
accen!, which is why it couldn't under-

_stand my Parisien, bien siirl At least one

knows now that “destra” is Italian for
“right”, so maybe I had better take up
ltalian instead.

Wot bloke said electronics ain't cul-
tural?

There are quite a few “brass pounder”
Morse keys, but none of those bug keys,
the answer to RSI before RSI became
fashionable and got a fancy name.

The only olher time I've seen so much



INTELSAT V, a geostationary satellite, one of today's links overseas provided for Australla via OTC.

interesting telegraph and early radio gear,
I had had to find a job as a ship's fireman
and work my passage to England to see
the displays al the Kensinglon Science
Museum. Now OTC has made that ex-
perience irrelevant by bringing this gear
to Sydney.

One trusls that all Australia Post staff in
Sydney have been ordered to inspect the
display? The demo on electronic mail
ocught to put the comeuppance on thase
Posties busy engineering themselves out
of a job. Roll on electronic mail! No pen-
alty rales far compulers, so look forward
to full weekday delivery service Satur-
days and Sundays once electronics mail
gels into full swing.

Australia's vast, empty spaces have al-
ways made il depend heavily on commu-
nications and this is partly why the ad-
vent of the electric telegraph meant so
much to our European forefathers, as did
the telegraph's developments and succes-
sors, such as “wireless telegraphy'. The
Aborigines, of course, had communica-
tions well under control, what with tel-
epathy and other sublle ways, not of our
understanding. Which is why this exhibi-
tion, although Australian, does not have
any Aboriginal arlifacts.

Old and young — get to see OTC's bi-
cenlenary year exhibilion if you can.
There are memories for the old, with
some exhibits on loan from overseas mu-
seums. For the young, it's a brush with
lechnical history that can be informative
and instructive. You are not likely to get
another chance to see this sorl of gear for
a prelty long time.

For both young and old, it's a glimpse
‘into the electronics communications

future, to help clear the mind of past en-
cumbrances in readiness for dazzling con-
cepls in communications. (Is that the sort
of ringing stuff you hired me to wme
about, Roger?). And entry is free

P.S: Not an answer 1o the questions they

_ask you at the passing-oul exams at the

RMIT, but did you know that the 6 V fila-
ment, triode 01A valve menlioned in the
first par of the above story will also rec-
tify? It used to work quite happily if an 80

rectifier died on you and you didn't have
a spare. The D1A's pins fitted into an 80
socket, the 6V filament chugged merrily
along on the 80's 5 V supply, and the grid
and plale each got a kick out of playing at

" being rectifier anodes. This is also the sort

of useful, life-of-the-party information
you can trot out if don’t know what 1o say
if you meet the Queen or when you are
stuck for words having drinks with the
Playhouse Pet of the Year at a JVC press
function. Just be sure you say you read
about it in AEM of coursel #

You can try out OTC's free(!) international direct dial (IDD) service to find out the weather
detalls In New York, what's to do In Takyo or the London train timetable. Perhaps you
should drop Into OTC's Paddington exhibition on your way out to Sydney's international alr
terminall
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Consumer Electronics

New speakers
are literally

‘off the wall’

anish loudspeaker manufaclurer, Jamo, is “returning” to
the quality hi-fi market with the launch of a new range of
loudspeakers, including one innovative maodel designed for

wall mounting.

“Take down the reproductions
and put up an original piece of
art”, goes the pun in the press re-
lease. But hype aside, the new
Jamo Art loudspeaker is (he size
of a 20-inch TV monitor screen
and flal — just 90 mm deep — lo
mount elegantly and unabtru-
sively on a wall.

The company says it is almost
impossible to make a flat loud-
speaker using convenlional pro-
duction techniques. Which ex-
plains why the front panel of the
Jamo Arl is made of a one-piace
injection moulded ABS material
reinforced with whal Jamo say is
a compuler-optimised pattern of
ribs to pravide stiffness.

The rear panel is a form-
pressed heavy steel plate, cov-
ered on the inside with a syn-
thelic foam malerial for oplimum
damping. Screwing the front and
rear plates logether locks the dri-

vers in place, eliminating reson-
ances, Jamo says.

The Jamo Art is a lwo-way de-
sign using a 125 mm diameter
driver with rubber roll-surround

-for bass and mid-range.
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Believe it or nol, the cabinet is
a bass reflex design, with the

“port designed into the moulding

as an integral canal, venting o
the rear. This arrangement is said
to improve the bass by means of
wall refleclion.

The high frequencies are
handled by a new 25 mm im-
pregnated textile dome tweeler
featuring wide dispersion, ac-
cording lo Jamo.

The crossover network is a
computer-optimised (what isn't

" these days?) 2nd-order network

with a crossover point at 3 kHz.
The front panel has a high-

glass, two-component lacquer

finish in either black or white.

‘The slight curvature of the front

ponel is said to eliminate diffrac-
tion at the higher frequencies. It
measures 350 X 400 mm.

‘The Jamo Art is rated for 60 W
continuous power; 35W IEC
standard rating. Jamo say it is
suitable for amplifiers rated at 30
to 90 W. Frequency response is
quoted as 40 Hz to 20 kHz.

_ For those wanting a more con-
venlional loudspeaker, a book-
shelf version of the Jamo Art is
available, dubbed the Monilor-
One. I, loo, is finished in either
black or white, uses identical dri-
vers and technical data are very
similar.

Al the demonstration given by
distributor, Scan Audio, in
Sydney, the Jamo Art acquitted
themselves very well, but they
bear closer examination.

A powered subwoofer, the
Jamo SW-50, was also released
along with the Jamo Art and
Monitor-One.

Further details available from

Scan Audioe, 52 Crown St, Rich-
mond 3121 Vic. (03)429 2199.

Feafure-packed
VCR

laiming more features in its

price range than ather
VCRs, the Sanyo VHR-4100
numbers among them automalic
play when a tape is inserted,
automatic rewind at end of play,
or automalic play on rewinding
tape.
Its “lesson repeat” function al-

- lows any section of a lape to be

replayed up 1o five replays at a
time, as when a sports or training
lape is being viewed. So if a step
is missed, the “lesson repeat” is
pushed twice to mark the seg-
ment, then push the “lesson re-
peatl” control to see the segment
repeated five times.

The VCR has a five minute
memory back-up that retains all

. programmed funclions such as

clock time and program record
for up to five minules during a
power failure.

The VHR-4100 is 79 mm high,
and is priced at $649 rrp.

Vecior Research
back on the market

concept of shared manu-
facture liss behind the
launch of a new range of audio
and video products from Veclor
Research, distributed in this
country by NZ Marketing.

The range includes the VRX
2700 audio/video receiver: Lhe
VRX 3600R and 5200R receivers
with remote contral capabilities;
the VRX 9200R receiver with sur-
round sound; double casselle
decks VCX 325 and 345;: and
VCD 400 CD player with remote
control.



Initial production of these
unilts begins in Korea, by special-
ly licensed companies, with final
assembly and quality test pro-
cedures completed al Veclor's
plant in California, USA.

The company says il combines
advanced technological know-
how with lower production cost,
resulting in a more attraclively
priced, high quality product.

NZ Markeling is at 8 Tengah
Crescent, Mona Vale, NSW
2103.

CD drivetime

combined CD player and
FM/AM tuner from Pioneer
is designed for cars, and its high
power amplifier has gold-plated
RCA pre-outputs for easily
adding another power amplifier
for even louder sound, we're
told.

The CD player has a three-
beam laser pickup to atlain accu-
rate tracking under harsh con-
ditions, and it has two-times
oversampling o supply clear
“soundstage" imaging and less
najse, Pioneer say.

Other features in the installa-
tion are a preamp fader to con-
trol volume between fronl and
rear speakers when another am-
plifier is fitted, and a memory far
automatically presetting the six
mosl powerful stations each AM
and Fiv, along with 24 station
presels and scanning function.

The DEH-66 has a “secret
code” restricling its use to those
who know the code. It will set
you back $1299 (rrp).

Pioneer is also releasing ils TS-
1203 dual-cone speaker, ideal for
small cars they say. The speaker
handles 40 W, and has 120 mm

diameter waler-resistant canes.
Its mounling depth of 26 mm al-
lows it lo fil into narrow door
spacing in smaller cars; $90 (rrp)
per pair.

ABC accepts
Audiosound

he new ABC sludio complex

al Lismore, NSW, has for
main  studio monilors the
Audiosound Laboralories 8035
extended bass system, which is
claimed to offer subwoofer per-
formance with smooth time
aligned top end.

Other monitors used are the
8025 mini-monitor, which, al-
though small, claims -3dB at
50 Hz; the 8011A; and for gener-
al purpose moniloring 8002s are
used.

Another unit supplied is the
PMG0 two unit balanced input
MOSFET power amplifiers.

For more delails: Audiosound
Laboratories, 148 Pitt Rd, Narth
Curl Curl, NSW 2099.

Head news

Reminiscent of thase cracks
about the blank space be-
tween lhe headphones, comes
the news from tapemaker TDK
that VCR video heads have gaps
that are 0.5 {mu)m wide, which is
four times smaller than the gaps
in audio tape recorders.

“The resull is that VCRs are
much more sensitive 10 accumu-
lated dirt deposits, the cause of
dropouts and bad picture qual-
ity,"” says TDK.

Just so you do not blame the
poor results on the tape, TDK has
three new products on the mar-
ket that will take Lhe cleaners to
the VCRs.

The VHS dry head cleaner,
TCL-11, which replaces the TCL-
30, is good for standard VHS and
Super VHS VCRs, we're told.

TDK said the $15 TCL-11 not
only cleaned the head but also
regulated the head surface, and
this was important because of
the large area of tape scanned by
the head.

Also, according to TDK, there
is a further plus in it for the VCR
owner worried about the state of
his head: “Cleaning with the
TCL-11 decreases vibration noise
which affecls the piclure image
detail considerahly".

And with all good things
coming in threes, TDK throws in
the third benefit: “The cleaning
effect lasts longer".

So yau use the TCL-11 only

when the pncture lmage begms to
deteriorate. " : L

Second in the lno of cleaners
is the TCW-11 Wet Haad Clean-
er (VHS and S-VHS).

This uses a V-type loading
claimed to be unique, safer for
the heads because of less fnc-
tion. '

It uses a fixed volume of liquid
per shot so it does not damage
the VCR's internals, and comes
with precise instructions on us-
ing it. It's priced at $49.95 rrp.

Last but not least, TDK, which
makes VHS-C videotapes shows
its cancern for gelting best per-
formance out of its products by
offering the VCL-11 dry head
cleaner.

This has the same featuras as
the TCL-11 except Lhat at $26 the
price is greater bul the cleaner is
smaller, to it fit inlo a C-format
camcorder.

TDK has a booklet available
with useful hints on cleaning
audio and video recorders.

Audio accessories

esigned and developed in

Germany, = “Monitor”
speaker cables, distributed by
Arisla, are made from 100 per
cent oxygen-free copper, with
each strand 0.07 mm diameter
and plated in silver claimed to be
99.97 per cent pure.

These strands are then woven
lo obtain greatest cable flexibil-
ity. Resistance is 0.00027 Q per
metre. Polarity is identified.

Extra wide centre cable div-
iders suppress interference pal-
terns between cable conductors,
end give a capacity <23 pF per
metre. A full range of sizes and
qualilies available.

Contact Arista, 57 Vore St,
Silverwater, NSW 2141, A

Thankélly,
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Consumer Feature

Product improvement

is the theme for
" the latest crop of audio
"eqmpmeni releases for 1989

Ben Furby

Without any startling innovation in hi-fi technology to make waves like CD
and DAT did in recent years, this survey of recent releases of what puts
the meaning of life into our ears sees product improvement rather than

new technology.

COMPONENT HI-FI equipment still dom-
inates the top end of the audio equipment
market, while midi systems are consolida-
" ting market gains; but they're still far
from winning universal acceptance in
. Australia, where the pattem seems dis-
. torted.
In the confined and expensxve spaces
- of Japanese homes, the midi has prevailed
. 100 per cent, according to figures supplied
. by Technics, Panasonic's hi-fi subsidiary.
The denizens of the UK seem to have an
acceptance of the midi equal to the Japa-
nese, while only 20 per cent of the Ger-
man markel is embracing the midi con-
cept so far.

In the land of the gas-guzzler auto-
mabile, the US of A, the mentality that
seems to think that size is everything does

- not see merit in the midi:it's a no-no in
* the land of the free.

* In high-rent Sydney, where space is
beginning to be a luxury not everyone
can afford, the midi has achieved half the
hi-fi market. Melbourne lags behind
Sydney (so what's new? — just joking!)
_ where only 30 per cent of hi-fi system

- buyers in the city of big broad boulevards

see merit in the space-saving midi.

Bul in the wide open spaces of this
country, where country homes sport wide

‘fireplaces for log fires, the philosophy of

“wide can have nothing to hide" has re-
~ jected the midi as totally as have the gas-

guzzlers on the other side of the Pacific.

Technics says Australia was the first

-market outside Japan where the midi
technology was introduced: but does nol

analyse our failure lo get onto a good
thing as smarly as the Brits have.

It’s a CD future

Technics also said — if nol in words, in
figures — that it is looking to a CD future.
The figures thal are open to this interpre-
tation are the 10 models of CD players in
Technics' hi-fi product line-up. Contrast
these 10 CD players wilh seven turntables
and seven casselle recorders.

The SL-P1200K hits the top of Technics’
CD parade. A professional unit, the
P1200K has class AA circuitry in sample
and hold circuils and the buffer amplifier,
for finer musical detail, Technics claim.

Among some of its other features are an
anti-resonanl tri-layer base construction
with damping rubber and melal chassis. It
has a two-speed search dial for precisely
accessing tracks in three frame incre-
ments; high speed D-A converters for
each channel to provide high phase lin-
earity; and high resolution digital filter
with double over-sampling for improved
sound reproduction, the company claims.
With an RRP of $3999 the P1200K does
represent the peak of Technics’ CDs. -
The next is the SL-P990K, which has a
more modest RRP of $1599. It has four D-
A converters, 18-bit high resolution sys-
tem that prevents “digital crossover dis-
tortion", according to the manufacturers.

The new Technics SL-P390 CD player features a "search dial" that enables ynu to cue tracks
or parts of a track on a disc. . . o
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Teéchnics new SU-A60 Digital Control Amplifler features an In-bullt D-A converter
with a facillty to select any of three sampllng frequencles to cope wl!h dlﬁerlng

dlgltal sources R

The SE-AS0K power amp heads-up Technlcs' new power amp range. It dellvers

21 W RAMS outpul

It uses Technics' class AA analogue cir-
cuitry for improved sound quality in the
line output and headphone circuits.

Except for the SL-P150K (RRP $499)
and the SL-PJ25K (RRP $479). all the CD
players have remole control. The SL-
P400CK is an automatic changer wilh a
six disc magazine.

All the hi-fi range are in “Technics
Black”, which co-ordinates with the pre-
vailing fashion in TV receivers.

In amplifiers, there are eighlt models,
ranging from the SE-A50K at an RRP of
$1999 lo the SU-300K at $279. RMS pow-
er ralings per channel are:SE-A50K,
210 W; 'SU-V65K, 150 W; SU-V650K,
135 W; SU-V550K, 100 W; ST-Z380/SU-
Z980K, 100 W; SU 2760K: and SU-300K,
30 W i

In other categones. Technics has five -

tuners, seven casselle decks, and seven
turntables. There is a digital access ampli-
fier, 1o accepl digital signals from CD
players with digital outpuls, the SA-190K
quarlz synthesiser receiver with 35 W per
channel outpul, and the SH-8038K graph-
ic equaliser.

There are four pairs of speakers o com-
plement the Technics range of hi-fi com-
ponents.

‘There are complete systems also in the
range. [loor systems and ‘midis. .In the
2980 series, each syslem has a 31-key
wireless remole control; 100 W per chan-

nel amplifier; double lape cassette deck:
and quartz digital tuner with 24 channel
presels. A CD player is optional in each of
the Z98V, Z980H and Z980D.

The Z78 and ZB0 series both offer 80 W
per channel, and again the CD player is
oplional. The Z300V and Z300H are 30 W
per channel and the Z190V and Z190H
35 W. _ v

In the midi line of systems, there are
the X980D (80 W per channel); X950
(60 WO, X930 (50 W), X920 (40 W), X900
and X900FS (30 W). In all the midi sys-

“tems a CD player is oplional.

Mulh-play CD players take
hoid .

Any rundown of Sony hi-fi audlo prod-
ucls has to begin with - video!. However,
it's a particular facet of Sony's video tech-
nology that has a hi-fi aspecl. This is the
capability of Video 8 (8 mm videotape)
video cassetie recorders to record up to 18
hours of digilal stereo sound when they
are not recording video.

The VCRs with this capability are the
EV-5700 and the EV-S850. They put down
six tracks of stereo audio on the video-
lape, with a dynamic range of more than
90 dB.

Sony is also active in another aspect of
hi-fi and TV. This is in its Black Trinitron
series of TV receivers. where some of the
range have stereo sound outputs, and a
spatial sound effect that produces a stereo
sound-alike of a mono signal.

Sony is a strong entry in the hi-fi stakes
wilh a stable capable of ranging over all
the courses. As a company greatly in-
volved in CD development il has several
CD players represenling a high level of
variely and performance.

The CDP-C10 holds 10 CDs, guarantee- [>

Sony's “Discman’, probably the "ultimate” in personal portable audio. It plays the new
75 mm CD singles as well as full-size discs.
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25% OFF!
Stud Finder

Take the guess work out of
_hanging pictures, mounting
‘shelves, etc! Bulld your
own Stud Finder, It's easy,
saves time, savas mistakes

~ SAVE 30%

Why Build A Mini Mixer
Radio? No, it's not for do-it-

* oursell concrete shoes!
Just for the fun of itf A his incredible little Min|

reat performing AM
eieadphone Radio. You can '“.,'?‘13’,,%2’:5&‘;‘33 rhas 4
get much better quality for rnpuls and specs good

your maney than enough for a prol Use It to
commerclal models. mix varlous audio sources:
Cat K-2720

n}lcsélztu:(esa,o gllars. elc,
c. Cat K-
$199% ‘ $2Q¢5
As described In ETI

Case shown

Is optional
Stereo Low Gost
Preamp Power Supply
Upgrade your sterec with Just the thing for two S0W
this amazingly versatile or ong 100W amplifier

modules! Includes speaker
de-thump circuitry but not
transformer. You can
choose the transformer that
best sults your needs!
Cat K-3436

82995

preamp, Use itas a
magnetic cartridge preamp,
a tape preamp or an

aux Ilarz preamp with 40,
55 ar 80dB galn. It's tiny
and comes with full
instructlons. Cat X-3427

Bargainl S'l 395

As described In ET1

wheals. Cat K-3255

- Just 82495

As described in ETI -

Was $19.95

$14%

As described in EA

and money. |deal for
tradesman. Cat K-2723

- -Line Filter/
Conditioner
A must for computers, Hi-Fi
- and countless other
. aprllcatlons. Ellminates
spikes, surges, etc from the
malns supply. Easy to build
and riﬁhl now, you'll save
$10 off our regular price.
Cat K-3080

$10 OFF1 32995

As described In EA

High Energy

it's Murder!
Protect your car with this iti
sensational value Ignition l nltlﬂn
ld(}ll;:r[ lt'st mtgdag for the ystem
shonast sod who's tryin
{0 ke oif with your YN Bater performance, better

fuel economy and less
maintenance costs with
this High Energy Ignition
System. Suitable for 4, 6 &
B'cylinder engines. You'll
butld §: an no time!

Cat K-3302

Was $45.95

$20Q95
Now s39
As described in 51l Chip
\@ As described In EA )
High More Power
100 Watt amplifler module
Performanc'e' with tha same great
Real Power! features as the S0W
50 Watt high power module! You can gven use

it in bridge for double the
powar (that's a massive

amplifier modules that are
easy to build-and incredibly
rellable. It's all on one tiny
PCB, all you do Is add a
heat sink and connect the
power. Ideal as slngo
stereo channel, for PA's,
band use and more!

Cat K-3440

32695

200WII). Cat K-3442

Budget Car Alarm

It costs next to nothing and
can save you a fortunel
The Budget Car Alarm is
really the bare bones alarm - .
with everything fitting
neatly on one PCB. It's
easy to install and aven
has a visual wamlni; like
the hig-bucks models.
Cat K-3250

Save $5!!

1t doesn‘t look much yet It
offers full 4 sector home
securlty! Sensational low
price especially when you <&
consider what It can save.
Comes ready for assembly
with on-board PCB
cannectars! Cal K-3254

As described in ETI

1 » u_es&rtngdlnsa N
Video

Enhancer
When It comes to quality,
= sacond generation video
tapes leave a lol to be
desired. Fix up the detall
left behind with this Video
Enhancer KIt. So simple to

use It allows you to cut as
well as boostl Cat K-3483 -

34750

IStered

LED Level t
Meter Simulator
Even a beginner can buiid You cauld build this blind

folded with your hands tied
that Erofesslonal touch with  behind your back - but it
this LED Level Meter. With probably wouldn't work or
10 green LED display. you'd end | dolr_ﬁlrnurself
Requires 10-16V at around a serlous inruryl s low
50mA. Cat K-3370 - cost gadget turns almost

- any mono signal into
S'| 995
Gl

this one! Give your amp

synthetic stareo. Cat X-3421

© Asdescribed In EA As described in EA

Variable 10-150W
Power Supply Speaker
oveinusunats — - Protection
experimental or technical ne|av

applications. Fullg :
adrustahle up 1o 30V @1A.
includes full meter and
overload protection!

Cat K-3475
69%

An easy to build universal
amplifier monltor/speaker
protection device with
delay to eliminate speaker
thumping with pnwer-ur,
detects DC offset level from
output stage, can be preset
to indicate when maximum
power level is reached and
more! Cat -4008

3379;2 described lrg EA

Case shown 4
Is optional &

i

20W Amplifier
Module

Great performance and
reliability at a low cost!
Ideal for PA, band amps or
hi-fi. Everything is on one
PCB and it's small enough
1o fit the tiniest box.

Cat K-3445

S'l 995

As described (n ET) -




UPER CLEARANCE SALE

YAESU'S
FT726R
ALL MODE
TRIBANDER

Be quick, we're clearing all stock of the FT726R VHF/UHF all mode tribander at this sensatlonal low price. En
advanced features available. Plus you can add 6m, 70cm and the satellite modules.../t's up to you!

Look At Theses Features!
« All modes on all three VHF/UHF bands - 6m, 2m & 70cm (with all maedules installed)
« Full duplex crosshanding with satellite unit installed.

. Prt‘)arammahle repeater splits on all bands

« 10W output on each band

» Dual synthesized VF0's tuning 20Hz/step and more! cat o-2s50

6m Module: 70cm Module: Satellite Module:

Full 50-53.9998MHz coverage with 0,15V GaAsFET receiver front end, operates over  Full duplex crossbanding is made so easy
receiver sensitivity (SSB, 10dB S+N/N). full 430-440MHz band with 0.15uV - the module does it for you! Cat D-2953

Cal D-2951 sensitivity (SSB, 12dB SINAD). Cat 0-2952
Just s549 5649 Only s249

Save $850 off the catalogue price! You can have one of the finest satellite transcelvers on the planet and en QY 2mh(§w and[70cr'n 2at the sa':ne time.
oy all the action of 2m and the most

*1

Bdmpleta with
2m Module Now Only

649

Push-to-talk switch Broad band VHF/UHF 1/2 Price!

Use It with the YH-1 headset for better H

communication - [deal for mobile. Two dlscnne antenna Fan 000|ed d“mmv
way switch with locklng 1x one way, PTT Use it for transmitting and receiving! High |oad

Sensational value and the highest quality!
Stays coal while testing and adjusting a
large range of high power, high frequency
equipment. Inbuilt fan Is smooth and

the other. With large 7 pin microphane ’3“3"3’. Japanese made, broad band

lug. Cat D-3512 iscone antenna which covers scanning,
plug. Ga 82995 2M, 70cm, UHF CB....the lot| 3dB gain gnd :

less than 2:1 SWR between 80 & 480MH2!

Cat D-4315
Suits FT-230, FT-290, . amazingly quist. Cat D-7020
690 efc. with larger Outstanding val“ﬂ\ Slashed 1o $ a5 \
7 pin microphone 31 29 49 '
sockets
”"”y Stocks Limited Stacks!

VHF/UMF universal strictly limitoa Dummy load

R I A superb coaxial terminator with even
antenna kit s“per 2M l chargcterlstics over:a wide SWR range.
The perfect solution to your mabile ' Features 50 ohms impedance and handles
antenna problems whether they're peﬂormance. up to 300 watts. Hurry there’s strictly

limited stocks at this sensational low
price! Cat D-7030

- 524%

amateur; UHF CB or commerclal radlo -
this kit does It all. Comes with S/S whip,
anlenna base, coax and PL-259

Cat D-4025 - .
81 995

Folded J 2M vertical
antenna B

Just the thing for 2m base operatlon!
Similar to the famous ‘Slim Jim. Easy SWR
adjustment, it comes with mounting
hardware and covers the full 2m band -
with VSWR < 1.2:1. cat 04211 D]

SAVE $711 NOW 32995

The ultimate in 2M mablle performance

from this high galn antenna! Quality

e Japanese stalnless steel construction with
5.2dB gain. Cat D-4320 . : :

35995

Cheap insurance!

Protect your valuable equipment for damage
with this easy to (it Coaxial Lightning surge
protector! When the sky's playing around
with electricity you don't want to get

Involved! Cat 8-5210 - o

Just

33495

[
Shinwa filter
Here's how to cure a stubborn case of TVI
& BCI! Handles up to 500 watts, cut off Is
around 30MHz, Insertion loss s iess than
1dB & maximum attenuation |s around
50d8. Ideal for amateurs or CB'ers!
Cat D-7080 pa

Value Plusl

529

TV interference filter

The telly picking up more than you want
10 see? This easy to fit 300 chm TV
interference filter solves the problem in
seconds. Cat 0-7084

Was $3.25
Now 31 95 ¢

Morse keyer paddie

A quality constructed Galbralth paddie for
use with auto Morse Keyers. Right naw It's
at a new low price! Cat D-7103

Was $34.95

Amateur TV down

converter

Save over 30% off the old price! 1.2GHz
‘In - 7O0MHz |F ‘out’. Tunes signal 950 -
1450MHz. Cat D-8310 :

Was $59.95

33995

A\ oo
"g&:\\'\“‘s v
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ing a day of high quality digilal music
withoul interruption. Specifications in-
clude two times over-sampling; digital fil-
ter; dual D-A converler; three-beam laser
pickup: wireless remote control with 10-
key disc select plus 10-key lrack select;
random access to any seleclion on any
disc and 20-key direcl music select.

The disc magazine is fully compatible
with the CDX-A20 car CD changer. The
CDP-750 offers four times over-sampling,
with other fealures like those of the CDP-
M35, CPD-350 and CPD-S27. These in-
clude — with some fealures: left out of
some models:digital’ filter; dual D-A con-
verlers, envelope differential detection
tracking servo; three beam- laser plck-up.
program edit; 20- key direct access; ‘music
calendar display;and others. -

Casselle decks are slrongly represented
in Sony's hi-fi. rﬂnge highlighting fealures
such as autd-reverse, high speed dubbing,
and Dalby B and C.

A range of amplifiers, tuners and graph-
ic equalisers provides a choice of features
to suit individual taste, while maintaining
standards of workmanship.

Sony slarted the ‘“personal audio”
craze with their Walkman; and they have
continued with a range of products in the
same vein - the lalest being the tiny *‘Disc-
man" personal portable CD player. The
bonus is, it accepls the new CD “singles”.

While not hi-fi, Sony has also released
a range of colourfully presented portable
audio gear, such as: a radio cassette-
corder, cassette recorder with micro-
phone and walkie-talkie headsets. These
products aim lo altract children to Sony
and keep them as lifelime Sony cus-
tomers, hi-fi and all. That's marketing!

The digital-age power amp

Hailed as the first of a new generation of
audio power amplifiers, the Maraniz
PMB95 can accept digilal audio signals and
perform the D-A conversion all in the one
. cabinel, jusl before the power ampllﬁca-
tion slage.

The new Marantz PM35 Integrated amp is In the “traditional mold”, but Incorporates a
preamp bypass for direct Input lrom the analogue uutpui of a dlgnal source such L
as @ CD player . S :

The desngn phllosophy is. lhat wnlh CD
eslablished and having introduced digilal
signals into audio reproduction, and with
DAT and CD-video. immingnt, dlgllal
audio is beginning to supplement. ana-
logue. A likely development in the fulure,
digital satellite broadcasting, will extend
the trend to digital.

The PM95 accepts all three slandard
sampling rales:32, 44,1 and 48 kHz, so it
will be compatible with future digital de-
velopmenls. By converling the digital sig-
nal to analogue jusl before the power am-
plification stage, the. PM 95 renders un-
necessary the exacting, bul imperfect,
preamplification stages with their penally
of inherent circuil noise.

For an amplifier handling extremely
fast transient attack and wide dynamic
range, the PM95 can deliver a conserva-
live 150 W, even into complex loud-
speaker loads, Maranlz claim. But for the
‘purest’ listening al normal levels, you can
swilch it lo class A operation, delivering
up to 20 W output.

The amplifier accepts both uptlcal and
electronic digital inputs, and the DAT cir-
cuil also has an optical inpul for digital
lape monitaring. Using lechnology devel-
oped from CD players and signal process-
ors, the amplifier has four times over-

sampling D-A converters. Other refine-

Marantz' new PM95 amp will go on-sale here next year and probably represents the
vanguard of what's to come in power amp design trends.
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-controllers

ments include” a new1y-deVe10ped 9th-
order ‘digital filter and jitter- elimination
circuits, as fitted to the CD12 CD player,
to' improve distortion- acrass ‘the whole
bandwidth, says Marantz, .

Jitter is a problem, apparently, w1lh Dp-
tical caupling of digilal signals; vibralion
or movement of the oplical cables and cir-
cuitry introduces ever so slight timing
variations of the digital pulses. In turn,
this appears as distortion in the output.
Hence the emphasis on anli-vibration
chassis in Marantz equipment.

A “digital direct” swilch bypasses the
source selector and balance conlrol lo
give the most direct audio path, lo do
away with further possible distortion
sources. In keeping with present high fid-
elity thinking, there are no lone controls.

The chassis is diecasl in non-magnetic
aluminium; the top plate is a rigid alumin-
ium exlrusion; and the [eel are plasler-
filled:all to cul out sources of vibration.

-Other fealures are an intelligent table-
top remole -control pre-programmed for
10 componenls, and with a memory for
20. The remote control has its own LCD
and can "learn’ and store up to 150 codes
from other audio and video remote con-
irol commanders. This ability of the re-
mole conlroller ta learn the codes of ather
is now a well-eslablished
trend. ' '

"The PM95 is priced at.about $5999,

- whereas the PM25, seen as a Irend-selling

integrated amplifier with many high tech-
nology advances, .is at the other end of
the scale, offered for about $399. This unit
delivers 45 W per channel inlo-8 § speak-
ers. A significanl lealure is 8 CD direct
swilch that feeds the signal from a CD
player directly to the high accuracy. vol-
ume control potentiomelter, ‘bypassing the
preamp slage. Thls is often described as a
“passive preamp” and improves the
sound by culting out unnecessary circuit-
ry, we're lold. '
High resolution cnrcml philosophy im-
proves channel separalion, eliminates
noise and reduces distortion. Under this
philosophy ground paths from input to
outpul slages are laid oul independently
and separate heatsinks are used for each
channel.



The new PM12 compact disc-player from Marantz Is a two-component unit: disc transport
(top) and D-A unit (bottom). Teamed with an amp having direct digital input, the D-A unit is

unnecessary.

Another Marantz CD player is the
CD75X, claiming lavish features. It has
FTS (favourite track selection], which pre-
programs up to 226 discs. The FTS mem-
ory stores information on the preferred
tracks on each disc:it identifies the disc
and aulomatically plays the chosen items
every time the disc is put into the player.
The selections can be changed, or the FTS
- over-ridden so that all or any part can be
played.

It has sophisticated conventional pro-
gramming, directly accessing up to 99
tracks, with random memory access for 20
tracks. Programming can be by track,
index or lime, and can be controlled by
the CD's remote control.

The CD75DX has twin 16-bit digital to
digital converters and three separate
power supplies. It has four times
oversampling and digital filtering, plus
optical and electronic digital outputs.
RRP: $7489.

Separate CD drive, D-A converter and
intelligent table-top remote control are
the main features of the Reference CD12
compact disc player. Maranlz claims it
sets new standards for digital sound, spe-
cially attending to all possible sources of
distortion and “jitter".

-A new fibre optical cable, using low
loss polished mica rather than more com-
mon glass fibre ensures a quality connec-
tion between the CD drive and the D-A
converter, keeping the two electrically
isolated. Acoustic feedback has been
" minimised with a diecast chassis, strongly
ribbed aluminium top plale and plaster
- filled feet with rubber isolalors. Like the
'PMB95 amplifier, this unit has a copper-

plated chassis to provide a low im-

- pedance ground for the circuitry.

* " Electrical shielding is specially at-
tended to for final signal quality, specially
of low level, musical information. Of the

"independent signal and servo circuit
boards each has its own copper plated
shield. o '

~Four toroidal low-stray field power

transformers are employed. By automati-
cally switching to the correct sampling
frequency, the CD12 can accepl DAT or
digital satellite information.

It has a guaranteed S/N ratio of 104 dB;
dynamic range of 96 dB and total har-
monic distortion of 0.0015 per cenl at
1 kHz, according to the specs. RRP: $5999.

However, there is more to the Marantz
stock of products than CD players. The
SD55 audiophile casselte deck has three
heads, allowing each head 1o have a gap
and alignment best suiled to its dedicated

job. Three heads enable recordings to be

monitored as recording : progresses.

strong bias current on the erase head en- . S
sures melal tapes are completed wiped; - . -

often a failing in cheaper decks.

Two-motor logic lransport control is. v_ {' :v' o
used for the deck's operation. The high . -

lorque dc servo capslan motor, with a
heavy flywheel and precision capstan en-
sures low levels of wow and flutter. By
providing constant back tension in the
supply reel, excellent tape-lo-head con-
tact is promised. It has Dolby B, C and
HX-PRO noise reduction circuitry.

This casselte deck is ane of the few on
the markel fitted wilh a clock for contral-
ling times for recording or playing back.
RRP: $899. i

Marantz also has the MX 683: a midi
audio system which can be used as an
audio-video centre. It includes tape, tuner
and vinyl disc, and with the comprehen-
sive swilching in the amplifier it can ac-
cept programs from TV, a CD-video play-
er, two video recorders and DAT. In addi-
tion, it has Dolby Surround Sound. All
components are linked for control by the
supplied remote control.

And Maranlz hasn'l passed over the
trend to surround sound. The three chan-
nel PM 683 audio-videa amplifier delivers
40'W into each channel: left, right and
rear surround. There is a seven-band
graphic equaliser, too. #

Since the introduction of VIFA speaker kits
in Australia in 1985, thousands of speakers
have been built with superb resulls. VIFA is
now proud to release four new speaker

kits ranging from a mere $399 to $1198 per
palrincluding cabinets. -

Never before have speaker kits been so
popular in Australia than after the heavy
devaluation of the dollar. Similar fully
imported qualily loudspeakers are today
thically 2-2'% times more expensive. And
these speakers may very well be using
Danish VIFA drivers anyway, as VIFA
supply more than 50 of the world’s most '
respecled loudspeaker manufacturers
with drivers.

But why the big savings? Because
fully imported speakers suffer from 25%
import duty, 20-30% freight, 30% sales tax
and 28% handling charges (typically). So if
you would rather put your money inio better
quality than in other people’s pockets, VIFA
speaker Kils are the only way to go.

Are they difficult to build? No, the kits

SPECTACULAR

NEW SA-100
SPEAKERKIT

are supplied with all parts needed including
fully built crossovers and pre-cut flatpack
cabinets ready to assemble. No soldering
or carpentry skills are needed, just a
Phillips head screwdriver, some simple
hand tools and a few hours of your leisure
time. ) )

Are they as goad as people say? Read
the reviews, listen and compare with any
other speakers twice the price or more.
Need we say anymore?

VIFA for the quality conscious
audiophile.

For full details please contact
Sole Australian Distributor:

SCAN AUDIO Pty. Ltd.

P.O. Bax 242, Hawthorn 3122,

Fax (03)4299308

Phone: (03) 4292139 (Melbourne)
02) 5225697 (Sydney)
07) 3577433 (Brisbane})
09) 3224409 (Penh) z

Stocked by leading stores throughout Australia
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' rproved
Powerscope
from BWD

: Wider bandwidth, new altenuator and {ime base switches,

and improved specifications in several areas are in the

latest version of the BWD 881A Powerscope II.

Il has five vertical amplifiers:
Jour wideband differential chan-
nels and a 50 MHz single-ended
channel. The new differential
amplifiers are now direcl reading
from 20 mV lo 200 V/div an all

channels with 30 MHz
bandwidth from 200 mV/div and
20MHz from 20mV o
100 mV/div.

The rise time of the combined
amplifier and P91 10

probe is usually less than
10 ns. This is said to be ideal for
swilch mode power supplies,

and together with the high com-
mon made rejection of the ampli-
- fiers, enables direct
measurements o be accurate and
sale. o

- A multiplier can display Ch 1
'x Ch 2 over the whale sensitiv-
- ity range with a bandwidth of dc

to 12 MHz (3 dB).

“With vollage applied o one
channel and a vallage propor-
tional to current on the other, a
'direct measurement of instanta-
neous power is available. Chan-
nel 4 incorporates a dc offset [a-

_cility which is adjusted by a
multi-turn contral over the range
+ 200V up to 10V/div and
43600 V above.

on-line’

Phase can be measured lo
within 1° from 15dB 1o mare
than 2 kHz in single or multi-
phase circuils. The zero refer-
ence can be selected from any
channel or the inpul ac, where it
is detected to within 1° of zero
crossover al line frequency.

So the wide range limebase
can Jock on to very noisy signals,
often met with in power control
circuils, there is a selectable filler
with a roll-off above 400 Hz.
Without the filler, triggering ex-
lends to more than 50 MHz.,

The CRQ's circuit design con-
forms with all international stan-
dards such as UL, VDE and CSA.
The whale operaling {ront panel
aren, controls and probes are ful-
ly insulated against shock hazard
when the CRO is working with
high vollages.

Contact Parameters, Cen-
trecourt, 25-27 Paul Sl North,
North Ryde, 2113 NSW.

Mic cable

vailable in seven colours, a
two conductor microphane
cable, said 1o be interference
proolf, also claims ease of lermin-
alion because the auler screen is
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" not braided and iis thicker PVC

insulation makes il even mare
durable.

The cable, type GAC-2/1 has
low capacitance while still using
temperature-resistant PVC ‘ma-

- terial. :

And the colours are: red, mint,

* yellow, blue, grey and pink, and

black.

Get the cable o match your
studio decor from Hi-Phon Dis-
tributors, 1/358 Easlern Valley
Way, Chatswoaod, 2067 NSW.

Open frame
power supplies

D esigned to wark over a wide
range of ac inpul vollages, a
line of open frame power sup-
plies claim high reliability.

They are said to meet the re-
quirements of many worldwide
regulatory safely agency specifi-
cations.

Each supply is inspected and
undergoes a two hour burn-in.
Features include over-vollage
protection on 5V oulputs, re-
mole sense on mos{ oulpuls, ful-
ly raled ta 50° C.
foldback/current limit, and in-
dustry standard case sizes.

The various lypses available in-
clude single outpul, dual output,
triple output and disk drive lin-
ear powaer supplies,

These Inlernational Power
power supplies meet or exceed:
IEC380, [EC435, VDEQ730 parl
2; VDEO804, ECMA-57, CEE10
parl 2P, UL1012, and CSA22.2
no. 143 and 154.

Details from Tecnico Electron-
ics, 11 Waltham St, Artarmon,
2064 NSW. .

Suppression filters

series of new fillers is said

lo be ideally suited to tele-
communications, office equip-
menl, compuler peripherals and
automotive industries to
decouple unwanled emissions
and help meel increasingly strin-
gent regulations.

The BNP 002 and 004 are pc
board mounting black type filters
with nt type circuil configuration
consisting of barrier layer

‘_ feedthrough capacitors with fer-

rite cores.

~ The BNP 002-02 and 002-03
have insertion losses of -40 dB in
the range 20 to 500 MHz, a dc re-
sistance of 0.05 €2, and a current
carrying capacily of 10 Adc, for
supply rail filtering, according to
the manufacturer. "

The BNP 004-02 has an inser-
tion loss of -40dB in the range
300 MHz to 1 GHz, a dc resist-
ance of 0.05Q, and 10A ca-
pacity, for signal line Rllering.
The BNP series is rated at 50 Vdc.

The DS 306 and 310 series are
three-legged capacitor style disc
type filters. The DS type is pure-
ly capacilive while the DST type
has ferrite beads on the leads ex-
ternel to the moulded package,
and the DSS type has the ferrite
beads moulded into the body of
the package.

This series is made in 50 and
100 V types with capacitances
from 22 to 2200 pF. There is a
16 V/100 nF version for decoup-
ling.

Inquiries should be filtered
through (o IRH Components, 32
Parramatta Rd, Lidcombe, 2141
NSW.

Handheld scopes
from Tek

T argeted to field service tech-
nicians bul suggested as use-
ful to a wider market, Tektronix'
two handheld digital storage os-
cilloscopes weigh less than 900
grams and come with batlery
pack, probes and carrying case.

Already the T200 oscilloscopes
are being used to troubleshoot
design or service problems in di-
verse fields such as biomedical
instrumentation, burglar alarm
systems, lifts and process plant
machinery.

The oscillascopes use flal pan-
el LCD technology to achieve
their small size and although
they can fit in a briefcase they
can offer performance and fea-
tures of full size slorage CROs.

The Tek T202 offers a lradi-
tional oscilloscope interface with




‘ :_:the front panal controls divided
into familiar scope funclional

sactions. These include separate’

sections for channel one and lwo
controls, as well as triggering.

For other users more comfor-
table with lefl to right manipula-
tions, the calculator-like inter-
‘face of the T201 may be pre-
ferred.

Parameters such as timebase,
sweep speed, trigger mode and
cursors for aulo setup are presel
via simple programming
saquences. )

The digital voltmeter and
limer-counler pinpoints vollage
levels and timing problems,
These allow the serviceman to
messure lime and frequency
quickly plus true RMS, DC,
peak-lo-peak and ground-to-
peak vollage.

Users can slore up lo nine

front panel sellings in non vola--

tile memory. Screen one for
yourself by contacting Tektronix
at 80 Waterloo Rd, North Ryde,
2113 NSW.

Metal tape wiper

pecially designed for melal
tapes, the BTE-1910 de-
gausser accepls all current cas-
selte sizes in metal formulation,
including large and small U-

Matic Beta SP, standard and mini
MII, VHS (including S and C},
Beta and 8 mm.

Its erasure level was deler-
mined afler extensive consulla-
lion, and has an erasure rate of

better than -80dB, end can
handle up to 40 an hour, the
makers claim.

Microcasselle lapes can be
erased, but the BTE-1910's mag-
netic field was designed to be
strong enough lo erase modern
metal formulations and

50 W switcher
supply

B oschert's new XL50-7601

} swilching power supply is a
50 wall device which mechani-

_cally replaces industry-standard
40 walt power supplies as it
"measures 100 x 160 mm and
has tolally compatlble connec-
fors.

Tt fealures a contmuous input
range of 85 lo 264 Vac, which
does away with the need for an
external 115/220 Vac switch and
cable assembly. Another advan-
tage is thal a minimum load is

nol required.

The XL50-7601 has a minimum
switching frequency of 20 kHz,
is prolecled against overvoltage
and outpul short-circuit and has
a holdup time of 16 ms.

Boschert claim thal, because
this supply is constructed with
fewer components than most 40
W devices, it has an increased
MTBF to 160 000 hours.

It is approved by UL, CSA and
VDE and meets the Limil B line
conducted noise standards of

.. FCC and VDE. For further infor-

maltion, conlacl Amtex Electron-
ics, 13 Avon Rd, North Ryde
2113 NSW, '(02)805 0844.

microcasseltes do not need such
a strong field.

Weircliffe agent, Amber Tech-
nology, is at Unit B, 5 Skyline
Pl., Frenchs Forest, 2086 NSW.
Now the tantalum
chip

n extensive range from

100nF (0.1 puF) at 35V to
68 pF at 4 V marks Hitachi's tan-
talum capacitor chip format, the
TMC series.

Aulo inserlion is made easy
because the series is on tape, and
the customer specifies the po-
larity on the carrier lape.

Quantities are 2000 per reel far
the smallest case size lo 500 per
reel for the larger case size. They
are reflow and immersion sol-
uble, and washable without
harming the markings.

Place a tantalising arder with
IRH Components, 32 Parramatta
Rd, Lidcombe, 2141 NSW.
Augat expands
activity
N ow il has a joint manufac-

turing plant in Singapore,
the US company of Augat prom-
ises more aclivity in Auslralm
and New Zealand.

The company designs and
makes a broad range of eleciro-
mechanical components, which
includes: IC sockels and access-
ories; connectors; coaxial cable
netwark and fibre-oplic intercon-
nection products; subminialure
switches; high reliability pack-
ages for microcircuits; computer
aided design and wiring ser-
vices;  inlerconneclion . test
probes and systems; and custom
conneclor assemblies for the
aulomotive and lelecommumca-
tions industries.

Newly appointed managing
director Granl Fisher said
Augat’s thrust in the local markel

‘would stem from a network of

 Nov, 1988 — Australian Elec'tronlcs Monthly — 23

eslablished -distributors, ~sup-
ported by Augat sales ofﬁces in
each city. o

These offices wnuld be staffed

“with professional sales staff, who

would also be actively support- -

ing an mcransmg number of C

OEM clients. -

‘The company would be achve
in the areas of compulers and
peripherals, lest and measure-
men!, instrumentation, = de-
fence/aeraspace, telecommuni-
cations, bio-medical, industrial
controls, aulomolive engineer-
ing, local area networks, commu-
nications, CATV and telephone
operaling companies.

Mr Fisher brings exlensive ex-
perience of electronic engineer-
ing to his new position, having
specialised in test and measure-
ment, electronic components and
professional sound equipment.
He comes from Anitech, where
he was a national product man-
ager in the electronics instru-
menialion division.

Hole plugger

or the person who has every-

thing, Nylon Products has a
range of holes for your chassis.
The vented hole plugs let air
through for ventilation and dissi-
pating heat, and come in 13 di-
amelers rangmg l'rom 22 2 1o
101.6 mm.

The plugs snap lock w1t.h
fingerlip pressure into chassis up
to 6.35 mm thick. Made from ny-
lon 6/6, the plugs are available
coloured white or black.

Get holey from Nylon Prod-

ucts 350 Torrens Rd, Croydnn

Park, 5[108 SA

Mimafure slren

ald to be ideal for cars, the

Murata -KPE 1200 piezo
miniature siren has a case size af
just 57.5 mm long by 40mm

~ high.

1t has a sound pressure level of
at least 105dB al 1m with
12 Vdc, accordmg to the specxﬁ-
calions. :

Its frequency SWEep ranges

from 1500 to 4000Hz with a D>




sweep rate of 4.5 Hz. AL 12V its
current drain is 150 mA. and it
will operate down to 6 V.

Check with IRH Components,
32 Parramatta Rd, Lidcombe,
2141 NSW.:

Approval for
isolqiioq relays

' L ow profile pc board isolation
relays, the Fujitsu FBR630 se-
- ries, have a contact to coil isola-
tion of 3.5kV &ac (one minute)
and 5 kV impulse, meeting Aus-
tralian Telecom Specification
1302 and receiving Approval No.
RA84/136.

"“They are 10mm hlgh with
sealed pc board terminals 1o pre-
venl flux contamination, and are
in Form A and C conlac! arrange-
ments. Form C is the preferred
type. They have contacl ratings
of 10 A 30 Vdc and 8 A 240 Vac
(resusuve] .

- Coils voltages cover 5 to

. 48 Vdc and their design allows

them to work over -30° lo +70°
praduct identification by func-
tion, generic part number and
~ specific maker's part number, to
electrical characteristics for
every parl number covered in
* the Digest, and consistent easy-
_to-use pinout information.

* The book's design is said to
speed up and simplify device
searches, with its streamlined
formal leading the user easily
-and logically from one product
section of the Digest lo another

) ' '»lhrough cross-referencing specif- -
. ic parts, part numbers, or devnce

specifications.
~ Concise packaging mforma-
tion and pinouts are shown, and

" - for those not fully up with tech-

‘nological progress more than 800

-+ discontinued devices are listed
with information on allernate

- source or replacements.
. The Interface Integrated Cir-
cuils covers 21 840 devices from
- 165 makers. The Digest presents:
consistent descriptive pinout in-
“formation; identifies devices by

function, gensric parl number

and specific maker's part num-
ber: electrical characteristics for
every parl number covered in
the Digest; identifies more than
900 discontinued devices; and
includes alternative sources for
every device.

The 780 page Digesl presents
comprehensive technical charac-
teristics and producl specifica-
tions data about logic buffers and
drivers, line drivers/emitters,
peripheral and power drivers, A-
D and D-A converters, level
translators, data acquisition sup-
port ICs and others.

A.33rd edition of the Applica-
tion Notes Digest presenls more
than 5270 application notes from
IC and discrete semiconductors
makers. The notes cover: linear,
digital, microprocessar, interface

‘and memory ICs; diodes; thyris-
‘tors: optoelectronic components;

transistors; and power semicon-
ductors.

D.AT.A. publications are
available from [.H. Baok Ser-
vices, 75 Archer St, Chatswood,
2067 NSW.

Three phase 100 A
power line filters

D esigned to protect comput-
ers from massive third har-
monic currents being induced in
switchmode power supplies of
some mainframe computers, “H"
type filters from Tycor can pro-
tect equipment from repeated
transients, the makers claim.

While filters are installed to
protect compulers from power
lines, some compulers draw &
strong third harmonic load with
the potential of damaging the fil-
ter equipment, particularly that
designed to isolate the computer
from common mode noise.

This was a problem with the
Australian Taxation Office com-
puters at Centrepoint, Sydney,
and 150 Hz currents in the neu-
tral measured at twice the line
current. o
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The Tycor four wire H filter

‘carrying 100 A per phase can

withstand high third harmonic
neutral currents and protect
against repeated transients of the
IEEE 587 Category B2 test. This

. is a 6000 V ringwave at 3000 A

with an attenuation of 98.8 per
cent (normal mode) and 99.5 per
cent (common mode).

Tycor are represented by El-
ectromark, 43 Anderson Rd,
Mortdale, 2223 NSW.

Desoldering
debugged

A new desoldering tool is
said to eliminate the need
for separate pumps, vacuum
lines end additional :bench-
mounted equipment.

The Denon DIC SC-5000 is
compact, self-contained and is
said to combine high working ef-
ficiency with operation ease.

Integraling the suclion nozzle
and vacuum pump increases the
suclion power while the thermo-
sansor feedback control circuil
and 60 W ceramic heater en-
sures rapid warm-up and im-
mediale temperature recovery
during use,

Exacl temperature control pre-
vents damaging [Cs, LS! circuits
and pcb tracks. A zero-crossing
feature also prevents RF inter-
ference irrespeclive of the selec-
led temperature.

There are more features, de-
tails of which can be supplied by
Technico Electronics, 11
Waltham St, Artarmon, 2064
NSW. (02)439 2200.

Expanded range
of machined
socket strips

achined socket strips with

high temperature insulator
bodies, low and high profile con-
figurations, and a choice of lead
diameler insertion sizes from 0.5
lo 2.0 mm add o the Samtec
screw machined lead socket ter-
minal strips and stamped socket
and drawn wire terminal strips.

Machiﬁedviet‘ad bso:»:k»e‘is canbe: -

supplied . with “snap-strip” bod-
ies or on various carriers, wnth -
many more options. :

Samlec's 80 page book pro-
vides a seleclion workbook for
engineers specifying board to
board inlerconnecls. Board
spacings range from 7.44 mm to
46.3 mm and are shown in incre-
ments of 0.13 mm.

Various inlerconnect choices
are available including precision
machined systems and 0.635 mm
square post sections. The book is
given without charge.

The agenl is Multi-Contact, 53-
55 Whiting St, Arlannon. 2064
NSW.

Will the real
Max Headroom .
please stand up? -

S aid to offer a new dimension
in electro-acoustic measure-
menlts, Brile] & Kjaer's head and
torso simulator has already been
used to develop the Beacom tele-
phone from hi-fi firm Bang and
Olafsen.

The simulator was desngned
for objeclive in-silu research and
evaluation of various devices
such as lelephones. headsets,
group audio terminals, micro-
phones, headphones, hearing
aids and hearing proleclors.

The type 4128 also has uses in
evalualing room acoustics, ve-
hicle audio systems and noise
control measures in vehicles. -

It replicates the geomelry of a
median adult human head and
torso and complies fully with the

~ acoustic -requirements of ANSI:

S 3.36 and IEC 959.

It is equipped with an ear
simulator based on the industry
standard Brilel and Kjaer type
4157, and with a mouth simulator
which produces a sound field
that closely replicates the sound
from a human mouth. An addi-




tional ear simulator is available
to make binaural measurements.

The telephone designed by
Bang and Olafsen using the 4128
has remarkable fidelity com-
pared with. conventional tele-
phone handsets. The sound qual-
ity is consistent even al varying
distances from the ear.

- Brilel and Kjaer simulates its
office at 24 Tepko Rd, Surry
Hills, 2084 NSW.

Jr. power
conneciors

D esigned for lhe growing
» number of high cur-
. rent/high -density packaging re-
quirements of OEMs, the Mini-
Fit Jr range of power connectors
is claimed to handle - standard
equipment [/O currents.

The two circuit pc board con-
nectors can handle 9A at
240 Vac. [t is said lo be able to
achieve these higher current
ratings in parl because ils dual

. row syslem dissipales heat.

‘Three row syslems surround
the centre row terminals and trap
the  heat. The dual row system
also provides for simpler board
layouts, since there is no tracing
for an inside row of pins.

The mated length of the wire-
to-wire version is 34.6 mm, and
the mated height of the wire-to-
board version is 23.5.

The {erminals in the dual-row
pc board assembly are set in a 4.2
x 5.5 mm ladder arrangement,
the lowest spacing far a connec-
tor with its current cnrrymg
capabilities.

Both halves of the conneclor
are fully shrouded, protecting
ageinst shorting, and avoiding
damage during assembly and
shipping.

-In place of the traditional ter-
minal of round pin and socket
design, the Mini-Fit has a female

contact that is formed into a box -

shape..

Dimples on two sides of lhe
box give four distinctive points
of conlact with the male. The
square contact design also elim-
inates terminal lo terminal “but-
ting" that occurs on. some round
conlacl systems.

‘The terminals have specxal
locking langs that enable them to
be inserted into the housing with
only 60 per cent of the .force
needed for equivalent connec-
lors.

-Because msertmn lools are notl
rieeded, assembly speeds are
higher. The pressure to mate the
conneclor halves is aboul a quar-
ter of the industry standard.

The locking tangs {ogether
with a positive lock moulded into
the housing provide strength in
high vibration. The positive lock

helps prevent accidental discon-
neclions.

The system is UL and CSA ap-
proved. There are vertical and
right angle headers for pc board
applications and slandoffs to
stop flux-wicking.

Circuit sizes are two lo 22 in-
clusive. Housing malerial can be
specified as 94V-2 or 94V-0: Ter-
minals are made from brass or
phosphor bronze, with tin or sel-
eclive gold plating. They are
available lo cover either 18-24
AWG or 22-28 AWG in chain or
loose form. Tooling is available.

For more information, Utilux
Electronics at 14 Commercial
Rd, Kingsgrove, 2208 NSW.

Monster cable
for pros

Mlcrophone, speaker. bal-
.anced interconnect and
musical instrument cables for
professional. and commercial
audioc complement Monstler
Cable Prolink products already
available for consumer hi-fi.

In the cable products, there are
four for microphones claiming
latest lechnology and increased
dynamic range and clarity. The
Series 1 is available as a four pair
multicore and the Series 3 in 8-or
28-pair multicore.

- Get through to Convoy Inter-
national, 400 Bolany Rd, Alexnn-
dna. 2015 NSW.

Solar modules

newly released range of so-

lar modules from Solarex is
said la be perfect for operaling
low power remole (elemelry
unils, security sensors and slg-
nals.

Rated at 1.5 and 2 W, lhs
SA1.5 and SA2.0 respectively
produce 105 mA at 15 V and 320
mA at 7.5 V.

Other uses for these low cost

modules will arise around the
home, farm, boat, 4WD or cara-
van. These could be automatic
door and gale openers, and {loal
swilch indicators. Solarex uses a
SA15 1o keep the ballery
charged on a 10km electric
fence.

The modules are styled with
the appearance of black glass
framed by a UV stabilised poly-
mer. The frames are drilled so as
1o install easily on almost any
surface, and they have ﬂymg
leads.

Size and weight make them
salisfactory for portable use. The
SA1.5 measures 330 x 124 x 11
mm, weighs 4.5 g and costs $65.
The SA2.0 measures 349 x 172
X 12.7 mm, weighs 65 g and
costs $75.

Get your sun power from Saol-
arex, 78 Biloela St, Vlllawnod
2163 NSW.

Chips set to get
subs

ood news for Adelaide's
Austek Microsystems may
be bad news for enemy submar-
ines. As submarines become

‘harder to track down, the tech-

nology of the sub-hunter be-
comes more complex. Thus
Western delence forces go
through hundreds of thousands
of sonabuoys in their tireless task
of keeping us free from klller
subs. :

Defence scientists have a life-
time job searching for more ef-
fective ‘'delectors, such as
chipsets to send up the boys in
Lhe submarines. -

" However, Auslralia has ils
unique, high-performance Barra
Sonobuoy in produclion with in-
creasing  sophistication and
Austek now has a $1 M contract
to develop a VLSI chipset for
Sonobuoys Australia which is

Canberra's prime contractor for
our new generalion, chipsel sub-
hunters.

The buoy relies on in-buoy
acoustic processing which is pos-
sible using VLSIs. This process-
ing will allow the sonobuoy's in-
formation transmissions lo be
compatlible with a wide range of
airborne and processing systems.

Email enters
fiat panel
LC displays

With LCDs used for many
years in its petrol pumps,
Email is extending its design and
manufacluring capabilities to
other companies in a new mar-
keting push.

‘The manager of LCD Products,
the newly-appointed Mr Alan
Fancke, aims 1o help innovative
companies use the flexibility and
cost advanlages of LCDs.

A customer LCD Design Guide
describes the capabilities of the
displays and how a new module
is developed. Features include a
background ta LCD technology.
operational specifications, rec-
ommended driver ICs and a cus-
tom design queslionnaire.

Enquiries (o Email Electron-
ics, 15-17 Hume St, Hunhngdale.
3166 ch

Read all about
1hem

L inear ICs fill ﬁea puges in the
D.AT.A. Digest which lists
and cross-references main elec-
trical characteristics for almost
18000 devices from more than
260 makers.

The second in the [C Dlgesl se-
ries, this volume ranges from
C. Inquiries to IRH Components,
32 Parramatta Rd. Lidcombe,
2141 NSW. :
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Part 1 , ‘
Graeme Teesdale

A great deal of electronic equipment these days is based on a
microprocessor, or uses a microprocessor in some capacity. The most
obvious example is the ‘home' or personal computer. But they are also
found in microwave ovens, industrial controliers, burglar alarms, VCRs
and a host of other equipment. Troubleshooting microprocessor based
electronics requires a different approach and some different techniques
to that used for traditional analogue or digital electronics.

A MICROPROCESSOR can be thought of as an integrated digi-
tal sysitem on a large scale, an exlension of traditional digital
logic where many individual circuits are connected to act as a
single unit or provide a certain set of operations or funclions.
However, there are some differences.

Micreprocessor systems are built around a bus — that is, they
have a system of multiple wires for interconnecting related de-
vices. There may be eight ar 16 wires, or whatever, but each
wire or line has a set. pre-defined specific function. The pur-
pose of the bus is to carry signals belween the various devices
in the system. Many of the chips connecled onto this bus are
exiremely complex LSI (large-scale integration) devices.

At this early slage, if you aren't familiar with microprocessor
jargon and abbreviations, ] would recommend you gel yourself
a good reference on the subject (such as Ref. 1, listed at the end
of the article) and use il as you would a dictionary — look up
unfamiliar terms as you come acrass them. While most of the
terms | have briefly defined or explained as they're introduced,
such a reference you'll find an invaluable aid as you learn your
way round microprocessor based systems.

The methods of fault location useful in traditional digital cir-
cuitry e.g: logic level probes, current probes, and pulser (injec-
tion) probes, have limiled use on systems which employ a
microprocessor.

The microprocessor operates at high speeds (typical “clock”
cycles are measured in 100s of nanoseconds) and programs are
completed in seconds or fraclions of a second. Most trouble-
shooting must be done at “real-lime" speeds (Lhat is, as it's op-
eraling). The /logic analyser was developed 1o do this, and such
an instrument “‘tracks” the processor as it carries oul (executes)
the steps in a program.

A very important fact about a micropracessor is Lhat it is very
sequential in nature. That is, it lakes one slep at a time. Al Lhe
level of the microprocessor itself, a program will cause the pro-
cessor (o look far (or fetch) an instruction, which it will then ex-
ecute. (For some background on what goes on inside a processor
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here, see Ref 2). The program flow, thal is — how it runs, de-
pends on the correct actian of the fetch and execute cycles and
this fact helps tremendously in debugging faults. ‘

- If signals (more properly referred to as data) on a bus are in-
correct, especially if the syslem is fetching an instruction, the
processor may execule an entirely different instruction to what
was intended by the software designer! This often results in the

syslem ‘“crashing” for no apparenl reason. Noise pulses
(“glitches") and *'bad” (non—funclioning) bits in memory are the
most common causes of whal is termed “single bit" errors,
about which more w1ll hecome clear a hlﬂe furlher down the
track. : : S

Flrst |solaie the problem area

Owing to the complex funclions often performed by micro-
processor systems, we must develop special lechniques to iso-
late Lhe problem. The first step is o verify that a problem really
exisls before slarling any troubleshooling analysis. Nothing is



more frustrating trying to fix a problem that is not there! In cer-
tain situations the syslem software may be the limitation, not
the hardware.

If you are not familiar with the system, you must go through
a learning process gleaning information from:

(a) the person ar people who normally use or operate the equip-
menl;

2 (b) “milking" any indicators (or other outputs), like front panel
status and operating indicators on a microprocessor controller,
for example;

(c) Checking the service literature.

A great deal of informalion can be obtained by watching the
operator and observing Lhese indicators. Similarly, referring lo
manufacturer instructions, circuit explanations,” schematics,
block diagrams, troubleshaooting trees and software listings, es-
pecially such things as the “PRN" file printoul (talking about
microprocessor controllers here), where it's available.

When first trying to section-off the fault, schematics can

often provide too much detail, making it difficult 1o obtain the
overall picture. A “troubleshooting tree" is a graphical means of
showing the sequence of tests performed on a product under
test or under normal operation. These “trees” are often drawn
as flowcharts in which the results of each test determine what
test is taken next.

They can be extremely useful, however, as a microprocessor
- system is complex covering all combinations can make it diffi-
cult to write. In many situations, none of the above is available.

It may come as a relief that many causes of failure in micro-
processor systems are identical to those arising in other types of
electronic equipment. These could be divided into the follow-
ing groups:

(a) Components failure. Microprocessor systems will usually
include passive components such as resistors and capacitors, a
few discrete semiconductar devices, such as transistors and di-
odes, and the integrated circuits which perform the computing
tasks. Failure of any of these componenls can cause system
malfunction; .

(b) Open circuits;

(c) Short circuits;

(d) Externally induced mterference. Mains-borne mterference
is probably the most common, however, interference from RF
sources can alsa occur; ‘

(e) Software faults. These can result from ROM or EPROM
faults or somelimes systems can be installed with undetected

The “logic analyser” is the
microprocessor world’s equivalent
of the analogue world's
oscilloscope; It is the ‘uitimate’
troubleshooting tool, but by no
means always essentlal. Loglc
analysers can display, In real time,
what's happening on many data
lines (or channels) at the one time,
among a host of other
sophisticated functions. The two
instruments shown here are the
Japanese-made Kikusul DLG7050
(at rear) and DLG7100 (front),
distributed in Australia by Emona
Instruments. (02)519 3933,

faults in the software. These can go unnaticed until unusual
combinations occur in the inputs or outputs;

The purpose of this article is to develop an approach when little
or no service data is available.

The approach

The approach used in troubleshooling microprocessor based
systems can be divided into two groups:

{1) STATIC tests, i.e: no software program required in tests but
the system generally will be execulmg (that is, running some
program).

{2) DYNAMIC tests, i.e: using software as a tool to test other
chips on the system or test equipment that checks or tests the
system at real-time speeds.

Under STATIC tests we look al essential areas that are neces-
sary for the system to run.

(i) Visual inspection.

(ii) Power supply rails.

(iii) Power-up RESET.

{iv) Clock.

{v) Condition of State lines.

{vi) Interrupts.

Visual inspection

When carried out with care, visual mspectlon is easily the most

cost effective of all fault-finding techniques. It is also useful in
generating a mental picture of the board and location of com-
ponents.

Useful also, if no circuitry informalion is available, is to look
up each IC type in a data book. It helps to identify it's possible
function, e.g: Spotting a 74HCT138, you look it up 1o find out
it's an address decoder.

Such items as the following can be detected by visual inspec-
tion; ' : S S
® Presence of “whiskers” — no, not the editor!-minute strands
of wire causing short circuits or intermittent shorts.

® “Dry" joints asa resull of faulty soldenng techmques or ther-
mal stress.

® "Leaking" components, such as electrolyltic capacitors.

® Failed components, such as over-heated diodes and resislors;
and finally,

Nov. 1988 — Australian Electronics Monthly — 27

>



This Is rather a new concept in test instrumentation
for microprocessor systems. It's the LogicBridge
136, a ‘dual trace" digital storage device that
combines the functions of logic analyser and
oscllioscope In a compact, handheld instrument.
The LED array display shows two logic ‘waveforms’
of 100 bits simuitaneously and can capture pulses
down to 50 ns, according to the makers. Effective
bandwidth Is 10 MHz, they say. Up to 100 traces of
100 bits can be stored [n memory and recalled 1o be
visually and logically compared. The case folds over
for carrying. It welghs a little over 2 kg. Emona
Instruments distribute it.

@ less obvious are faully or intermillent edge connectors and IC
sockets.

You must resist the templation to remove ICs and clean sockets
using a contact cleaner. We want la isolate the fault down to a
dirty sockel, if that is what the problem is. Remember to look
with your eyes, don't use fingers if at this stage no electrostatic
precautions have been laken. (See Ref. 3).

Power supply checks

One of the factors that contribules to reliable system operation
is a “clean” power supply rail. "Gridding" of power supply
tracks on a pc board and copious use of decoupling using tiny,
low inductance ‘monolithic’ bypass capacilors is extremely im-
portant on large systems, especially when equipment such as
disk drives etc, gel added on.

Since RAM and EPROM chips have variations in their noise
immunity ‘margins’ (the amoun! of noise signal they will toler-
ate), poor design or loss of rail decoupling can rgsult in “hard"
errors. i.e: if a memory location consistently can't be written-ta
and read-from properly. If il only falls occasionally; it's called a
“'soft" error.

The various major support chlps in a microprocessor system
— RAM, EPROM, input/output (I/0) devices — are all connec-
ted 1o the bus. The microprocessor can only "talk" to one at a
lime, else confusion would reign! Hence, each of these periph-
eral devices has a pin thal, when acuvaled says "hey, tum me

on!" — lhe chip enable (CE) pin.

Maost static or dynamic RAM chips when first “‘chip enabled"
draw large peak currents of 50 to 100 mA for a duration of less
than 20 nanoseconds. These lend to cause very sharp “spikes"
on the supply rails when coupled with the inductance of the
printed circuit board track. Even though the inductances in-
volved are very small (50 nH), coupled with these fast rise
times, lhey can produce voltage varialions in excess of the
350 mV naise figures for LS TTL devices.

To reduce the amplitude of these fluctuations, “decouplmg
capacitors are distribuled around the pc board. So far as dc is
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concerned, they're all connected in parallel. But so far as the
pulses of operaling currenl are concerned, the supply rail track
looks like a string of capacitors each connected to the other via
a small induclance. The distributed capacitors provxde two
functions:

(1) They absorb excessive voltage peaks above the nominal rail
voltage.

(2) They supply the bulk of the switching current, hence not al-
lowing the rail voltage to ‘droop’. The result is less peak current
is required to be supplied by the supply.

The distribution of the capacitors is done in two ways:

(a) Small capacitors of aboul 100 nF (0.1 pF), generally ‘mono-
lithic chip' ceramic lypes, are connected across supply rails di-
rectly adjacent to a chip.

(b) A larger value capacitor, often a tantalum type, is connected
across the supply input to the board or across supply rails to
RAM area. Values can be anywhere from 10 to 100-iF, depend-
ing on RAM speed and number of RAM chlps in the array:

The choice of capacilor replacement types is very important.
They must have a low internal inductance and low effective se-
ries resistanice at the 20 ns rise time, whnch is why tantalum and
“Hi-K" ceramic types are used.

As well as a multimeter, a scope must be used to check the

~ power supply ranJ vultages ln general dc operatmg voltages are

quoted as:

5 V. + 5%, i.e: 5.25 1o 4.75 volts. ,
Use an oscilloscope to check the noise level on supply rails, it
should be less than 300 mV peak-to-peak. The checks should be

made at the supply pins of each chip, fmm a common power
supply ground and the chips’ gronnd

Power-up reset

Virtually all microprocessor systems have a'"Power-up reset"
function and manual reset button. When a reset is applied it
clears and resets certain internal registers, especially the PRO-
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Figure 1(a). The typical power-on reset circult of a microprocessor
employs an AC network, R2-C1 here. When power Is applled, C1
initlally appears as a short circult, holding IC1’s reset pin low. C1
charges slowly via R2. When power Is switched off, C1 discharges
via the diode, D9. The system may be reset at any time by pressing
the RESET button.
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Figure 1(b). This shows the required power-on timing for the 8085
micraprocessor chip.

GRAM COUNTER, so that after reset the first fetch cycle ob-
tains aata from the correct memory location. If the reset pulse,
is.loo short, not of correct amplitude, naisy or has the wrong
rise or fall time, the program can start at the wrong point, result-
ing in out-of-sequence operation,

~-'To increase speed and replace the previous negative supply
ralls on older iriple rail mlcroprocessors an on-board negative
‘rail voltage bias generator is employed. The circuit employs an
oscillator and a charge pump which requires a cerlain amount
‘of lime to stabilize after power is applied.

* 'For example the 8085 chip is not guaranteed to work until

. ,10 ms after the supply (Vcc) reaches 4.75 volts. The NOT RESET

o _’,IN pin must be kept at logic ‘0’ during this period.

' ."The reset input of a microprocessor is generally a Schmitt
'-lngger gate to overcome the slow risetime of the RC network
‘used; see Figure 1(a). The diode is included to discharge the ca-
;pacnor ,qulckly when the mains supply is. suddenly swilched
- off PR
A number of CPU Chlps provxde a buffered RESET outpul that
is connected to other LSI chips, so that on power-up they are re-
sel to a default state, For example, a software programmable
input-output (1/0) device whose lines may be set as either in-
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Figure 2. A 556 {dual 555) Is sometimes employed as a reset timer.
This shows the Commodore 64's reset circuit.
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Figure 3. An 8284 support chlp generates the 8088'3 reset ln some

systems. Thls shows portlon of the c!rcult from the Sanyo MBC 775
PC. . o . 2

puts or oulputs. may sat [“defaull"} all 1ls lmes lo mputs when .

reset, :
Some CPUs, hke t.he [ntel 8048 series, have an lnlemal pull- .
up resistor so only requires an external capacitor and diode. -

A popular method with some of the home compulers. e.g: the
Commodore 64 and VIC-20, the Acorn BBC, is to use the 555
timer chip in the one-shot (monostable) mode as a resel timer,
as shown in Flgura 2, A 558 isa duaI version of the 555 umer
chip.

‘On IBM PC -type machmes. whlch use the '8088 micro-

. processor, the 8088 reset line provides an orderly way to start -
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; Lip at powerfqh. When the prbcessor detecls the posilive-going
“‘edge of a pulse on the RESET line, it lerminates all activities
- until the signal goes low, at which time the internal CFU regis-

- ters are set (“initialised") to the reset condition.

The reset signal to the 8088 is normally generated by a sup-

- port chip, the 8284. The circuit in Figure 3 is from the Sanyo
- MBC 775 PC. .

** The 8284 has a Schmitt trigger input (RES) for generating RE-

‘SET from a logic 0 external input. To guaranlee resetl from

- power-up the reset input to the B284 must remain below 1.0 V

for a minimum 50 us afler Vce has reached the minimum supply

- voltage of 4.5 volts. R3 and C2 (tap right of diagram) provide the

liming, and D1 the rapid discharge of C2 when the power sup-
ply is switched off and on quickly.

Motorola has a constraint on the rising edge in that it must be
less than 100 ns, and also the RESET input must be held low for
a minimum of eight machine cycles. Hence the values of R and
‘C depend on the crystal frequency.

‘Figure 4 shows the timing between clock and internal resel.

The Address and Data hus will ‘float' to the “three stale” con- °

dition, more commonly known as tri-state. 1t “floats” until the
CPU comes out of RESET.

cLock —I W‘\ (m ,_|
: = \
RESET INPUT » [ ',,/17/ // /

({ ¢ -
| TENAL - ~ ( \
: ——] - — =

L~ FLOAT BUS
--— DRIVE OUTPUT TO INACTIVE STATE

Bus

" Figure 4.

A logic probe or oscilloscope can be used to check the oper-
ation of the RESET circuitry. Here, we basically wish lo check
- that:

- (a) Input and outputs exceed the required logic 0 and 1 thresh-
old levels and,

(b) the RC network provides some delay.

Connect the two inputs of the scope to the RESET input and the
‘buffered output, or if not provided, an address or data buss line.
- Depress the manual RESET button ar switch the mains off/on.

You should, with the ‘scope set to a slow scan speed, observe

- the input ramp waveform and the delayed "clean” RESET out-
put.

. If your CPU does not have a buffered output, the address or

data line should “tri-state” when the RESET is active. What is a

o _ suitable logic 1 and logic 0 level? Well, it depends wHether you

‘have CMOS or TTL family devices. Mast micraprocessars have

"~ TTL-level compatible inputs and outputs.

 ~Reference 1o a data sheet will reveal that the minimum logic
. high input level is 2 V. i.e: the input must recognize any input
©  over 2 Vas a logic 1 ta be within specification. A logic low input
* - level (logic 0) must be below a maximum of 0.8 V. In general,
most LS TTL devices "recognise” logic 1 at around 1.2 volts,
- HCT versions just slightly higher at 1.7 volts.
" *~When driving ariother device's inpuls, any device's output
- - musl be capable, at real-time speeds, of swinging the input
- above 2V for a logic 1 and below 0.8 V for logic 0. Data sheet
" figures give limits of 3.6 V and 0.4 V maximum. =

.- In summary, if we look at the typical input characteristics for

‘an HP Logic Probe we see that it recognizes a logic 1 in the
-range of 1.8 to 2.4 volts as the minimum, and logic 0 in the range
-of 1.0 V maximum to 0.5 V or less. o ’

o - ' 'Observing Figure 5 closely will reveal an area in between the
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Figure 5. Logic level limits and how an HP Logic Probe responds to
the difierent conditions. S .

logic 1 and 0 threshold areas termed *“Bad or open circuit”. The
prabe circuitry can sense whether it is “sinking” (drawing} or
“sourcing” (supplying) current to the input. If it fails to do so,
the input “floats" to about half the supply rail voltage and the
indicator lamp glows dim. Tri-state is a situation where the
probe is unable lo sink or source current.

The oscilloscope will show a voltage around half rail depend-
ing on capacilances lo adjacent lines, ground, supply rail and
their respective potentials for tri-siate. Generally it is very obvi-
ous when compared (o other switching waveforms. See Figure
6.

There are a number of occasions when the microprocessor
will tri-state the bus lines (e.g: reset halt, hold) and some micro-
processors have a bus tri-state input as well.

The clock

All microprocessors require some form of clock oscillator to
time the events thal occur during the fetching and execution of
an instruction. Microprocessors like the Motorola 6800 and the
Intel 8080 require a two-phase clock that is generally generated
by a support chip, the 8224 for the 8080, and the 6875 for the
6800.

Maost modern 8 bil microprocessors have a clock oscillator in-
cluded on the chip. A crystal or resonant circuit is simply con-
nected between the appropriate pins to satisfy the clock re-
quirements of the device. .

Internally, the circuilry generates the phase 1 and phase 2
signals; these are pulses of the same frequency but displaced in
time. See Figure 7 for the clock logic of Lhe Intel 8085. Note also
that the- clock output is half the crystal frequency; micropro-
cessors vary here, the 6802 divides by 4, the 6809 divides by 3
and the 8048 by 3, to list but a few. o

To save the expense of the clock generator chips for Z80-and

4V (high)

low

Figure 6. Oscilloscope picture showing typical trl-state level
pulses. Tl D T i




-] BassA

. SBNH ITT

T . 0 #1
97 42
[mm]

O}

o1

Figure 7. The 8085 only requires the connectlon of a crystal and two
capacitors to supply its clock requirements. An Internal flip-flop
circuit supplies the necessary two-phase clock pulses, (1 and 2.
Note the buffer providing a clock output from 1.

3.58MHz

i

Figure 8. A circuit such as this is often employed to save the
expense of a clock generator chip In Z80-and 6502-based systems.
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, bFigure 9. The 8284 clock generator support chip for the 8088
. ‘microprocessor. The clock ouiput. CLK, is one-thlrd 1he oaclllator
requency. , .

ﬁsoz-based systems, designers will often use a crystal in a feed-
back circuit involving two inverters as shown in Figure 8. - -

" The 8088 requires the use of a clock generalor chip, the 8284.
It requires a clock signal with fast rise and fall times (10 ns

maximum) between logic 1 and 0 levels. The maximum clock

frequency of Lhe 8088 is 5 MHz n s 8 MHz for the 8080-2 Fig-

‘ure 9 shows the 8284's internal logic for the clock and resel cir- -

cuitry. Note the crysta] frequency is lhree tlmes ‘the ‘micro- ©
processor's clock frequency. : N L
No maller what clock is used, lolal fallure of 1he cluck is usu-

ally easy 1o find, but when the clock has the incorrect frequen- - B

cy. shape, mark-lo-space ratio and amplitude, troubleshooting
is more difficult. Many micraprocessors are sensitive to clock
speed, both loo slow and too fasl. The clock may be used to
drive other LSI chips, like a dynamic RAM [DRAM] controller.
Too low a frequency[ s]ow clock) w1ll cause ! sof‘l“ errors' in
such memory. g

Microprocessors like the 6800 series are dynamlc devnces if
the clock stops for more than 9.6 s it will lose iis data contents
in inlernal regislers. Somelimes cryslals break inlo overlone
frequencies or change to series-resonant frequency mode when
they're supposed to operale in parallel-resonant mode, which
causes a change in clock frequency. This change in clock fre-
quency can cause liming problems with [70 devices, resulting
in inlermittent system malfunction, especially when lhe system
is operaled at its maximum specified clock rale.

Figure 10(a). This shows the waveform on a 20 MHz bandwldth
scope In its expanded timebase mode, with the probe switched to
the x1 position. i.e: no compensation. The input signal is the .
3.07 MHz output from the clock of an B085. Here, probe lead
capacitance loads the output. note the eﬂect of non-symmetrlcal
output trom the chlp : :

Figure 1n(b) Same scape uslng x10 probe se!tlng, wlth
compensatlon correctly ael :

i
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Flgure 10(c). Shows waveform on 100 MHz HP scope using correct
probes with compensation set. Rise/fall time 10 ns.

Micropracessor clock specifications can be found on device
data sheets. The actual clack pulses in the system canbe
. checked for: amplitude and mark-to-space shape using an os-

cilloscope. However, because of the importance of clock rise
and fall times the oscilloscope should have a good bandwndth
preferably 60 MHz or greater.
An oscilloscape probe has a finite capacrlance which may
luad'f the oscillator. The probe compensation must be set car-
rectly lo maintain proper pulse shape, bul the probe’s input ca-
pacitance can change the clock signal's rise and fall times. In
addition, the signal amplitude on the 'scope can also be incor-
rect if the wrong probes (not of correct bandwidth to match the
'scope) are used or a limited bandwidth 'scope is used Figure 10
illustrates.
‘When checking the clock with a 'scope, always probe at the
buffered output of the clock oscillator. Measuring the frequency
. presenls a small problem as most frequency counters have low
" impedance inputs in the 10 to 20 MHz range, requiring a buffer
o stop placing excessive load on the oscillator.

'Siaius lines

Some microprocessor systems give the external hardware, and
the user, an indication of its present cycle stalus. For example
the 8085 chip has three "status" lines: 10/ M., S1 and S0. At
the beginning of every cycle, the 8085 sends out a 3-bit status
.signal to define what type of machme cycle is aboul lo take
B place See Figure 11.
. The status lines, 51 and S0, are extremely useful when the
processor “falls over". If SO = S1 = logic 0, the processor is in
a “‘hall"” state. It can be in this state as a result of finding a HALT
?imslmctmn in the program (wailing on an interrupt), through an
_ error in an instruction code from a faulty memory location, or
_ noise on the databus causing the instruction decoder to detecta

: : . STATUS CONTRO

| MACHINE CYCLE - 10/ ] S1 1 S0 |AD | WA | INTA
- JorcoDE FETCH o f 1| 1|oiag o

| tAE80RY READ | cofrj oo i

RY WRITE "o b0 v oo}

AD sy bajejod ]

10 WRITE SRR AR N I
fanTi AcknD r i o

jBuSIDLE e triofy i 1

. R R R I | 1.1 1

. 751 00 0|75t TSt

’0= Logic "G" 1= Logné “17 T§=High Impedance X = Unspecified

Figure 11, The 8085's STATUS lines provide an lndlcatlon of the
processor's present cycle status.
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code oulside its instruction sel. This processor, like many
others, will go into a hall mode; some processors will cause an
internal software inlerrupl lo a set memory address where the
designer inserts a *‘re-boot” which restarts the system,} prevent-
ing a disastrous lockup.

Alternatively, S1 may stay at logm 1 with S0 loggling be-
tween logic 0 and 1, the processor is trying to complete a mem-
ory read or instruction (*‘op-code") feich without success. The
8088 processor uses the IO/ M, DT/R and SSO lines. The S50
line when decaded with the IO/ M and DT/R specifies the
type of bus activity in progress. Flgure 12 shows the Status table
for the 8088.

I0/M | DT/R |SSD

1{HIGH) 0 0 Interrupt Acknowledge

1 e 1 Read /O port
1 1 0 Wrile /0 port
1 1 1 Halt

oLow) 0 0 Code access
0 0 1 Read memory
0 1 0 Write memory

0 1 1 Passive

Figure 12. Status table for the Intel 8088.

Not all processors have this form of status indication, but
careful decoding of read and write, valid memory address
(VMA) and enable lines can be valuable in fault-finding, but no-
where as useful as the previous status lines discussed. Refer to
the CPU data book for any status information.

As for checking, a scope is the most useful as il gives logic
slate and activity il any. Some technicians build up simple gat-
‘ing arrays with latches to display status of these lines.

In summary, processors that don't have software re-hoots
will generally go into a HALT state when an invalid instruction
is found. You need to apply some form of hardware reset to 're-
start the system’.

Interrupts

One important function found in microprocessors is the capa-
bility of responding to an interrupt signal or service request. e.g:
the from keyboard, video controllers, disk controllers elc. In ef-
fect, an interrupt says ‘Hey!, stop what you're doing and pay
attention to whatever caused the interrupl.” .

An interrupt request causes the control logic to interrupl the
main routine (if no interrupt *“mask' is incorporated), jump to a
“service routine” which takes care of the peripheral or what-
ever il is requiring altention, and then automatically return to
the main program when completed. When there are several in-
terrupts, each interrupt is usually assigned a priority. This elim-
inates a conflict when two or more interrupts occur simul-
taneously.

As the IBM PC is interrupt driven, it contains a support chip,
the programmable interrupt controller (PIC) 8258 to handle in-
terrupts in the correct sequence. Stuck or noisy interrupt lines
can cause faulty system operation, where the processor spends
too much time servicing the “phantom"” interrupts. With phan-
tom interrupts, the system can give the appearance of slowing
down, e.g: lack of terminal or keyboard response. It is not al-
ways possible to mask the maskable mlerrupls wnhout wrllmg
additional software for a system. .

- Microprocessors generally contain both level sensitive and
edge sensitive interrupt inputs; they also tend (o be active al

- logic 0 inpul levels except for Intel Lypes which have interrupts

active at logic 1 levels. (Somebody's gotla be different!). -
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Tandy PA equipment lets everyone hear your words
clearly. Ideal for churches, meeting halls, sporting
events or for office paging. Tandy PA products give
you the power to be heard, at affordable prices.




On balanced lines,

Robert Azzopardi

| Getting a PA sVSferh»'rd“Work" requires a mixture of physics,
electronics, experience and good ears. Here are some ‘
practical tips on geiting it together, along with the “why" in

technical terms.

'WHAT DO a large PA and a home hi-fi

have in common? Quite a lot, really. The
basics are the same. Syslems comprise:
signal sourcefs) — mics and Dls versus
lape players, turntables etc; preamplifica-
tion — mixing vs phono-tuner-preamp;
signal conditioning — e.g: graphic equal-
isers and signal modifiers, delays, etc,
though this is optional for home hi-fi's:
amplification — 100s to 1000s of walls vs
10s to 1005 of wattsl; and speakers —
truck size as opposed 1o bookshelf size.
The differences lie in scale, user adjust-
ability and of course, $85. The home hi-i
- is a very user friendly unit designed ta
sound good with a minimum amount of
fiddling and generally to stay in one
place. Of course there is also the aesthetic

factor, and to most people (but nol all —
roadies are a strange bunch, some having
been known o mount a 300 watt PA in
the cabin of their truck for a particularly
long and loud tour), a sleek high-tech hi-fi

looks much better than a one tonne -

double three-way in the lounge-room.

A PA, on the other hand, has {o work in
a range of environments, from the great
ouldoors to smokey dens, with a range of
signal sources and qualities. To optimise
its performance, a greater degree of ad-
justability is required. Hence the use of
comprehensive desk equalisation, 31-
band graphic equalisers, plus system

. compression and limiting.

This is also where the black art of the
sound engineer comes into play: a mix-

indecent connections
) connechon

ture of physics, electronics, ‘experience
and good ears. You have to try pretty
hard to make a hi-fi sound awful, but with
a big PA system it ain't so hard! One
nightmarish situation is when you're do-
ing foldback (monilors) from the front of
house desk, the guitar player has his amp
turned up loo loud, the sax player can't
hear himself, howls of 2 kHz feedback
periodically tear the room aparl and the
band's manager keeps lelling you what to
do, saying “Gel it together man!"

With a bit of technical background it is
possible to solve a lol of common prob-
lems and avoid common pitfalls.

Sources and balancing

Let's start at the very beginning with sig-
nal sources. As discussed in other articles,
most of the microphones. used (Shure,
Beyer etc) are the low impedance type
with a balanced output and a normal mic:
cable has two conductors plus a screen, or
shield. The way it works is this: Assuming
pure sinewaves — .
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The microphone output consists of two -
ne waves 180° out of phase fed (via a
mic cable) into the input of the mixing.
desk, which is a differential amplifier. A
differential amplifier operates by taking
the ‘difference between its inputs and
multiplying them by a gain factor. In the
gbove example ~ .
Vo = K% Asinot — (2 Asinoy]l
o= KAsinwot ' : ‘
©* . “Where o is 21 X frequency. Now, the
- two conductors are twisted logether in
- “the.mic cable and as a result are exposed
"o the same amount of external noise (a

“random signal). ‘S0 the signals become,
hket}ns U e

- Pulting the resulting signals into the
. differential amplifier gives: :
. Vo= K.|[% A.sin.o.t + Vnoise
o= Y Asinod + Vnaise))
C=KAsineot »
*. which cancels out all the garbage. The
. noise is called a common mode signal and
" its cancellation is known as common
~mode rejection. 1t is this noise reducing
" characteristic which makes balanced lines
L e MR
“: Dis, or direct injection unils are little
. ““black boxes" plugged into splits from
~guitar, bass or keyboard signals to be fed

" to the mixing deck. They serve several

".'purpnses: P . )
hing/buffering, -

 impedance malc
fully balancing th
isolation. . -

A very crude description would be that
they make the signal source appear to
“have an impedance similar o a micro-
" phone; a DI may altenuate the signal as
well.” Basic
available:

fully passive, t
by a transformer,
® aclive, with an op
phantom power (that is, via the cable). or

cuitry.’

. Phanlom’
. on most professional desks. A swilchable
“voltage supply of 48 volls is available

e input signal, and |

ally, there are three types .
hexroperahonachneved »
amip and battery, or
ybrid, with both aclive and passive :’ci‘r- ‘
lom bowéfirié 'isi; feature | Iound ‘
» from the inpuls of the desk. On the usual
XLR connector, pin 1 is grounded and

Australian Electronics Monthly -

pins 2 and 3 both carry 48 volts. This is
used to power condenser microphones
-and Dls. The normal microphones are not
affected by the presence of the dc. . '

A useful feature on the DIs is the
ground lift switch which isolates the
shield (pin 1) between the input and out-
put of the DI, thereby prevenling “ground
loop” problems — that ominous 50 Hz

“hum you often get when various parls of

the sound system are plugged into differ-
ent power points. The loop of cable
shields acts like a huge one-turn coil and
picks up mains wiring radiation which.
‘mixes with common signal returns — and

yougethum. =

Conneclors
‘Three types of connectors are commonly
used in audio systems: Cannons (3-pin},
6.5 mm Phono jacks and RCAs. Phono
jacks are used for guitars and effects desk

patching while RCAs are used on the out- -

puts and inputs of tape recorders. ‘
~ The 3-pin Cannon or XLR (Exira Low
Resistance) connector is the most widely
used. It comes in both male and female
““types. The standard signal -always comes
out of a male connector and into a female
one (e.g: mics take the female end of the
mic lead). Just like biology! The only ex-
ceptions to this are speaker leads which

“now commonly use fgmalg to female con-
nections for safety’s sake. On XLRs, pin1.
is always graund or shield; from then on,

* ‘@ Pin 2 is “cold", or ou

it can get confusing as there are two stan-
" The first is the [EC standard, where:
ePinlisground, .o o '
e Pin 2 is “hot", or in phase, and -
® Pin 3 is “cold", or out of phase. -~~~ .
“This is found on some imported equip- -
ment such as power amplifiers and mix-
ngdesks, oo
. The second is
~where: I
‘ePiniisground, . 0
{ of phase, and *

) Pin 3 “hol". Drinphase. P
Problems arise when inierconnectin
different equipment. For example, bal-
anced and unbalanced systems, like jack
to XLR connections. For both standards
the jack tip is taken to the “hot" pinof the .
XLR while at the XLR end, ground (pin1)
and the “cold" pin are shorted toge!her}:v

e.g: for the Australian standard: -

the one used in Australia,

~'Obviously, ‘when using equipment of
" different standards and the wrong type of
“lead is used, things simply won'l work.

For example, some mixing desks are pin 2
*hot" ‘with pin.3 .nol“connected. 1f a
““Australian® - jack-to-XLR lead “is used..
. you certainly won't get any signal out!
“Don't bother -shorting pins 2 “and 1
* together, 1 hear you say? That works log, .
but some equipment (e.g: Jands JM10 mix- .

er outputs) because of the circuitry used -
_require pins to be connected




“The moral is o be aware of what your

':eduipmenl'is and, where possible, use

- normal mic leads for inlerconnections
~-and let the equipment itsell do its own
‘balancing/unbalancing.

. There are a varielv of XLRs aboul, the
~mosl annoying thing about them being
the small securing screws which end up
_gelting lost whereby the connector falls
lo bits. In addition to this, when a lead
dies at a gig you've never got a screw-
~driver, ring of keys or ringpull small
enough lo unscrew them!

Perhaps the best are the new Neutrik
XLRs which have no screws. The only
catch is that they are expensive and the
small clips on the [emale connectors have
been known 1o fall out. No pun inlended,
though. '

RCA connectors are commonly employed
on tape decks (and widely used in hi-fi
gear!).

‘Aroll and a lay
A final nole on the rolling and laying of
cables. It's a facl of life tha! sound sys-
lems need lo use kilometres of cable —
signal cable, mic cable, speaker cable,
power cable. For storage and carriage,
vou roll them up; common sense. But, as
in everything, there are practical ways
and impraclical ways of doing things.

"Don't roll cables over your arm, this
strains the cable and puts twists in it
which are very difficult to get out, making
it nearly impossible lo lay the cable flal.

The 3-pin Canndn. or XLR, connectors are wide used In sound systems.

The 6.5 mm }ack is about as widely used as
XLRs, but in different applications. ’

There are three schools of thought on the
ralling of cables and leads:

1) wind it in a “figure-8"";
2) wind it flat;
3) wind it “under and aver",

The “figure-8" method is a must for the
laying of power cables and 1o a lesser ex-
tenl speaker cables. That laying a great

perfect coil of cable creates an inductor
which may lead lo overhealing and noise
generation of large currents is a paining
thought. Laying the cable in a figure 8 re-
sults in this cancellation of magnetic
fields (remember Ampere's Law and the
Right Hand Rule?).

For flat rolling, the cable is held in one
hand and with the ather, is looped on it-
self. If the cable has not been abused, i
should have a natural loop.

Under and over is a variation on Lhis
idea involving pulling an extra lwist in
the loop. It is very dilficult o describe,
and much easier lo get someane lo show
you! The idea is that the cable is easier o
feed. But if the cable is fed from the
wrong end of the roll, it will quite happily
knol itself at regular intervals!

Most hire companies will spit their
dummies if you return your leads in a
tangled ball. Some even charge a lead re-
rolling fee! If a lead returns to a loop eas- {;
ily it somelimes helps if it is left out in the
sun for a shorl while. This will soflen i,
allowing it 1o be re-rolled. ’

Lastly, never lay power cables parallel
with mic cables. It is the quickesl way to
create hum! When laying mains cable, al-
ways cross signal cables at 90°. £

THIS IS THE ‘HANDBOOK' OF PA.

rop Arguably the beast practical fext

aver produced, Dan and Carolyn
Davis "Sound Systern Englneesr-
Ing” covers the vast fleld in
breadth and degpth in on aaslly
taad style with numarous refer-
ances. If you want ar need math-
8matical depih, then that's there,
tog. - 7T

In assoclallon with the imporiers
of this tex), Stewart Elscironic
Components ol Malboutne, we
are able to offar this fantasiic
baok at @ phenomenally low
prica, much lower than you'd pay
from the usual backssller outtels. .

Order from:

AEM BOOK OFFER
1s1/347 Darling St,
BALMAIN 2041 NSW

$69.95!

plus $6 post and héndllhg.

. Or Phone (02)555 1677

.. and “"Pledge Your Plastici"
’ae lake Bankcard, anlercuvd and

. Visa
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~ Special Feature

Brian Hammill

Understanding the op-amp
and s applicafions  ~1-

~ Partl ey

The operational amplifier, or op-amp for shott, is one of the most
important and widely used “puilding blocks" in electronics. For
" that reason, it's important to know and understand the op-amp
and its applications. This short, practical series will intfroduce you
to'the op-amp through one of the cheapest, most widely used

types, the 741.

THE OP-AMP would come closest to that “ideal" object in elec-
tronics — the “universal” active componenlL. My dictionary of
electronics says that . . . itis an amplifier that can perform vari-
ous operations . . . it can be used o add, subtract, average, inle-
grale and differentiate signals.” That seems a prelty incredible
-array of applicalions! No matter how much digital electronics
_seems to dominate these days, the op-amp still reigns supreme
-as a building block, despite being an analogue device.
~ Basically il's an amplifier to which you apply feedback — a
conneclion between the output and the input so that some out-
pul signal is fed back to the input. With an op-amp, the charac-
feristics of the circuit are determined entirely by the feedback,
- for most practical purposes. : S

.. Op-amps come in a variety of configurations:

® single input — single output,

- ® differential input — single output, or.

o differential inpul — differential output

" However. the most common configuration you'll run across is
. the second one — differential input, single oulput. Circuit-wise,
- this appears as shown in Figure 1. While there's a mass of elec-

" tronics inside that little triangle, for mosl practical purposes, we
~ can ignore what's inside the integrated circuit il represents and

' simply concentrate cn what il does. Before ICs, op-amps were
. built using individual components, but the overall approach
** was the same ‘

S INVERTING
INPUTS % NON OUTPUT )
- X INvERTING :
R SN

Figure 1. This Is how the most common op-amp configuration is
drawn, with differential input and single output, as explained in the
text. Note the use of positive and negative supply ralls; some op-
amps, however, are manufactured to operate from a single supply
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marked with a *'+", is known as the non-inverting inpul.
_ inputs do just what you expect: (he oulput goes posilive
* the (+) input goes more positive than the'(-) input, and vice
_versa. And we'll get around to what all that means and how il's
* exploited shortly. - L

Thaiubnquﬂousopamp-ihe 7410 .

- ubiquitous, and it's easy 1o see W

2 INVERTING
- INPUT

" The differential input means that the op-amp takes the dif-
ference between the signals al each input. The input marked
with a "= is known as the inverting input, while its counterpart,

ul. The
hen

. The best way to gel acquaintedlwithb how op-amps work and
- what you can do with them, is to take a praclical example. Of all

the op-amp ICs you can buy, the ‘741 is perhaps the mos!
hy. It's the cheapest — undera




INVERTING INPUT
NON=INVERTING INPUT

SUPPLY — .

TOP VIEW
QF PACKAGE

=

~ AS SEEN IN—CIRCUIT

Figure 2. The typical 8-pin package, the pin connections and the circult symbol of that ubiquitous op-amp, the 741,

dollar at most retailers, and it's made by quite a number of dif-
ferenl manufacturers and comes in a variety of shapes, sizes,
numbers of legs and colours (well, grey or black!).

No matter how it's packaged, somewhere on the outside
should appear '741'. It may be as part of a large part number,
like “uA741CP", “SFC2741" or “LM741CN", but the ‘741" will
still be there.

When you go inlo a shop to buy a 741, you can usually get
one by simply asking for a “741". All of the other letters in the
part number refer to things like the name of the manufacturer
and the type of package il comes in. :

There are three main lypes of package for the 741. The first is
called the 8-pin DIP and, as it's the most common form, is the
one thal we'll be dealing with. The ‘8-pin’ means that it has
eight pins (simple enough), and the DIP means that the pins are
arranged in two lines (DIP means “dual in-line package"). -

The second form of package you may see is the 14-pin DIP,
which is similar to the 8-pin, but longer, and the third is the TO-
99 package. which looks a little like & metal hat, with wires

caming out of the bottom.

We'll be concentraling on the 8-pin DIP variety, but if you get
hald of one of the other types, you will probably be able to
work out which wires or pins correspond to the 8-pin version
by consulting the supplier's catalogue, or something similar.

So. the 741 you're likely o buy from your favourite electron-
ics store can be represented physically and circuit-wise as
shown in Figure 2. The package may have either a notch al the
pin 1/pin 8 end or a ‘dot" depression adjacenl lo pin 1. The im-
portant thing is that the mark or dot shows you which end of
the IC is which. ‘ o .

Holding the IC with the pins pointing away from you, the pin
anti-clockwise from the marked end is called pin 1. The rest of
the pins are numbered anti-clockwise from this pin. o

Now for the conneclions. We'll ignore pins 1, 5 and 8 — be-
cause pin 8 doesn'( do anything, and the use of pins 1 and 5 is
complicated. and in many applications, unnecessary. So, we're
left with five pins. Two of these are inputs, one is an outpult,
and the other two are for the power supply. T

‘MAINS SUPPLY

BATTERY SUPPLY

+8 Vv 49V
-
A
—_

ov ‘ ov
+ .
e
1 sv
——te

-9V --T'—»—sv

-
=,

4 x 1N4002

240 Vac 6.3
- 6.3
jv. T
- TYPE

*2851"
Figure 3. Sultable power supplies you might use to try cut the
circult examples given here. At top is shown a simple supply using

of a suitable +9V mains supply using common, cheap =
- eamponents, ¢ il o e

two 9V “transistor radio"” batteries. Beneath it Is shown the circuit o
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POWER SUPPLIES

" The 741 will work quite happily off a couple of 9 volt balteries

"i:v connected as shown in the lop diagram in Figure 3. Alternative-
“ly, a suilable simple mains supply is shown in the batlom dia-

- ".gram of Figure 3. The ballery stpply. however, is simple and
" safe. This sort of supply is known as a “split” or “balanced”

~ supply because Lhere are lwo oulputs {rom it — a posilive sup-

. ply rail and a negative supply rail, with the common conneclion
" belween them being the zero volts (0V] circuil return or

“ground”. L

: “'The 741 will work with supply vollages down to 4 V {that is
" "one +4 V supply and one -4V supply) and up to 15 V. But for

: mosl purposes, the £9V supply is ideal. .

" AROUND THE PINS v
Now, let us run around the pins of our 8-pin DIP to get familiar
‘with the “pin allocation™, as Lthey say in the trade: a
Pin 1. Not used here. R
Pin 2. The inverling (-) input.

Pin 3. The non-inverting (+) input.
Pin 4. The negalive supply. ’
Pin 5. Not used here.

Pin 6. Oulpul.

_Pin 7. Positive supply.

_Pin 8. Never used — nol connecled.

* S, connect the positive rail of your power supply to pin 7, and
the negative rail to pin 4. and the 741 will be ready to go! Just
leave pins 1, 5 and 8 disconnecled and forget about them.
~ There are a host of other op-amps that have the same basic
pin allocation as the 741, and in many circuits these others may

‘be readily substiluted — bul not always. And that subject’s a bit
beyond the scope of this article. However, the data books do in-
dicate that the 741 is a direct pin-for-pin replacement for the
older 709C, as well as the LM201, the MC1439 and 748 devices.

" 1f you are going to do some experiments, by the way, | would
recommend yvou use one of those little plastic boards with the

" sockels in i, generally referred to as a “proto board". Be sure la

* get that type which has the socket spacing which fits the pins of

- the IC (that is the type with the sockets every 0.1 inch, or 2.54

. mm if you wanl to be metric about il. o

If you can arrange it, I would recommend you install a

" double-pole swilch in series with the supply rails so you can

" switch off the supply whenever necessary. If you're using bat-
teries. this saves battery drain while you're hunting for parls ar
" figuring oul what lo do next — or if you forget ta disconnect the
. balleries when you mosey off for a meal. Note that you must
~ switch off each supply rail, not just one.

VOLTMETER

Figure 4. The “comparatar’ circuit. Here, the op-amp compares the

fixed voltage on its inverting input (pin 2), from the junction of R1

and R2, with the voltage on its non-inverting Input {pin 3), from the

.| wiper of RV1. f the wiper of RV1 starts at the bottom, the op-amp
.| output will be at about - 8 V; as the wiper passes the “half-way"

* | point here, the op-amp's autput will swing to +8V.

o +9 V

2 cfs
LDR i

3 7

+ 6

z2L—T4
[¢] .
,,: sl /" ) VOLTMETER

°-9V | ov
.
Figure 5. A comparator at work. Here we have a light-sensitive

switch. The peculiar resistor marked “LDR" is a light dependent
resistor. Its resistance decreases with increasing light level. In the

| dark, it may have a resistance of 1 MQ, In bright light it may be less

than 1 k. So, when It's dark, the voitage at the junction of R3 and

1 the LDR will be lower than at the junction of R1-R2, hence the op-

amp's output will be at - 8 V. When it's light, the voltage at the

| junction of R3 and the LDR wlll be higher than at the junction of R1-

R2 and the op-amp’s output will swing to +8V.

Now. having got yourself set up with a real op-amp and a
power supply, lel's see whal you can do with it,

SO HOW DOES THE 741 OPERATE?

There are, as you can see, two inpuls: respectively. the non-
inverting inpul (+) and the inverting input (-), as we saw earl-
fer. ' ‘

When connected to a power supply, what the 741 will do is
this: it will subtract the vollage on the inverling input from the
voltage on the non-inverling input, multiply the answer by a
very large number and produce the result of the multiplication
as a voltage on ils output. -

Now, the actual value of the “very large number” that [ re-
ferred to in the last paragraph is nol important, but just out of
interest il may range from 200 000 to 1 000 000!

Let's say that +2 V is applied 10 the non-inverling inpul and
that the inverting input is at +1V. Now, 2 — 1 =1, and 1
multiplied by 200 000 is 200 000, so you waould expect the 741's
output lo be at 200 000 volls. What?!

Naturally, this does not happen. The vollage at the outpul of
the device is limited by the supply voltage. Thus, instead of
200 000 V appearing on the oulpul, you would get about 8'V.
This is because the 741 will produce output vollages lo within
about 1 V of the supply rail voltage. So with £8'V supplies, the
outpul is limited to between -8 V and +8 V. All voltages, by the
way, are with reference lo ground — that is, the common of
your + supply, the 0V point on Figure 3.

Sa. if the non-inverting input is a fraction of a volt more posi-
tive than the inverting input, the 741's output will be +8V.
Likewise, if the non-inverting inpul is a fraction of a voll more
negative than the inverting input, the output will be -8 V.

. This means that we can use the 741 o compare two voltages
applied to its inputs, and have the output swing to almosl the
supply rail, as appropriate. Now that's a fundamental applica-

tion, 50 lel's have a look at the op-amp &5 a comparalor.

The op-amp asa comparator -

I..ook at lhe circuit in Figure 4. Here vf-ém'using the 741 lo com-
pare a fixed vollage at the junction of R1 and R2 with the vari-

“able voltage on RV1. You might like to try this, and some of the

other examples | am going to give, just
with the workings of the 741. U S U DI A A

As the wiper of polentiometer RV1, is moved lowards Lhe
positive supply. the oulput of the 741 will suddenly change

to familiarise yoursell

from - V 1o +8 V, indicating that its non-inverting inpul is now
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more posili_ﬁ/e, than its inverting input. Move the pol's ‘wiper s
back down and you will send the outpul back to -8 V. If you ac- .-

lually build this circuit and try it out, you will notice that it
lakes but the sfightest movemenl of RV1 al thal point to cause
the op-amp’s outpul o swing one way or the ather.

How can this be used in a practical application? Well, let's

see an example of a comparatar at wark. The circuil shown in

Figure 5 is a light-sensilive “swilch"; that is, the op-amp's out-
put will swing. or switch, from -8 V to +8 V with variations in
light level. The peculiar resistor symbol al the top left is a Jight
dependent resistor, or LDR, such as an ORP12 or equivalent
(e.g: a DSCDO1 from Dick Smith Electronics). This is a device
whose resistance varies from around 1 MQ in the dark 1o about
500 Q in bright sunlight. It is worth buying one because they
are fun to play with!

So what happens here? When the LDR is in the dark, its re-
sistance will be around 1M and the vollage on the 741's non-
inverting inpul will be lower than the vollage on its inverling
inpul. In this condition, the 741's output will be at -8 V. When
enough light falls on the LDR so thal ils resistance drops o just
slightly below 100k, the vollage on the non-inverting input of
the 741 will rise above the voltage on the inverting input. When
this happens. the output will go 1o .+8 V.

By varying the resistance of either R1, R2 or R3, Yyou can vary
the “'set point” of the circuit ~ the amount of light which will
cause the oulput of the op-amp lo g0 pasitive.

Resislors Rt and R2 may be fairly high values, rather than the
10k shown here. resulling in less current drain if the circuil is
battery powered. The 741 inputs will draw only minute input
current — microamps — so R1 and R2 may be 10 or 20 times Lhe
value shown here. "The 741°'s input resistance will not ‘load’ R1
and R2 by drawing so much current that it affects the vollage at
their junctlion. In precision applications. a stable, precise “voll-
age reference” device is used. ‘

This circuitl Figure 5 might form the basis of an automatic
daylight-night swilch or relay, 10 turn on and off house number
illumination, or a porch light, etc.

Hysteresis can be handy

Lel's say. for the sake of illustration, thal you're using the Fig-
ure 5 circuil to turn on your air conditioning when the Sun
comes up. For this, the comparalor's output would operale a re-
lay circuit when il switched from -8 V to +8 V. So, vou have
gol it adjusled such thal the street lights aren't enough to turn it
on, but when dawn comes the LDR gets enough light to swilch
the relay.

Fine. Bul what if, just as the Sun comes up, a cloud gets
blown in front of it. and that's enough 1o turn the circuit back
off. Remember — the op-amp's output will swing from minus lo
plus, and vice versa, at the same poinl as the light increases and
decreases, respectively. This means thal. on some mornings, the

air conditioning will go on and off a few times before it aclually

B /7 ) voutueTer

10k

—— ~——0-g v

av

the inputs, we can give the circuit a characteristic known as
“hysteresis". )

gets light enough lo keep it on. Thal won't do the air condition-
ing any good. .

So now what we wanl is a circuil which will turn on when it
Bels lo a cerlain brightness, and will slay on even if that bright-
ness should vary a little. Bul the circuit will have to swilch off
when it gets dark enough, loo. o

In Figure 6 you will notice I have added a resistor belween
the op-amp’s outpul and the non-inverling input. It provides
feedback and here it will give the circuit a characterislic known
as hysteresis. B : '

Firsl, lel us say it is dark, and so the resistance of the LDR is
very high. That means that the non-inverting inpul of the 741 is
negalive with respect to the inverting input — which is in fact
al 0V, and thus the 741's output is al -8 V.

Now, when the Sun comes up the resistance of the LDR will
drop slowly, until it is 100k — this is the point al which the op-

amp oulput went positive last time. Bul it won'l this lime. The -

outpul of the op-amp is still negalive, and current flowing
through the 100k feedback resislor is holding the non-inverting
input negaltive. ' ' ‘
Okay, inslead of the output going high with the LDR at 100k,
it is going to switch a little later. In fact, il will switch when the
LDR resistance is about 900 kQ. At this point, the vollage on the
non-inverting input will be equal to that on the inverling inpul.
- Now, when the output of the op-amp goes positive, that will
reverse the effect of the feedback resistor. The voltage on the
non-inverting inpul will jump suddenly to aboul +1 V., because
the op-amp outpul is now at +8 V, instead of -8 V as it was
when it was dark. o o
So when a cloud covers the Sun, and the resistance of the
LDR varies slightly, say to 950k, the outpul of the 741 will stay

Figure 6. By adding a feedback resistor from the output to one of_ ) ‘

© . —topageds. > s
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: | Figure 7. The graph at left illustrates the operation of Figure 5,
| while the graph at right shows how Figure 6 works. The difference
between the 'light increasing’ and Ylight decreasing' paths Is the . - . .
hysteresis of the circuit. T
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_E,B‘ryan Mva»her, :

Seven fundamental
electronic fQC'l'S | ."Gﬁ'.f'ﬂ ~ Power and suPe'°°“d“°“‘"“’

f. In this final part of this article we ask “Why does Power =
VI?", and also we look into that miracle of the present future

, -'»superconduc'rivify.

POWER is a quanlity or a measure of
" whal work is done by any electronic (or
" 'mechanical, for that matler) system. It is a
" quanlily or parameler of enormous im-
“portance; witness the quoted specifica-
_tions of audio amplifiers, loudspeakers,
electric motors, radio transmitlers, etc.
But justs what does it denote and how lo
we arrive at it?

" The sixth law

" Since our schooldays we haves known
that: “Power is equal lo the product of
volts and amps*. If dealing with dc we
say the product is simple and direct:

Power = VI o

- Bul if dealing with ac, then it must be

~ taken inlo account that the current and

- voltage waveforms in a circuit may not be

_in step — thal is, in phase — and thus a

. factor, known as the Power Foclor, must

" be included in the product. This is simply

 a measure of the difference between the
_ . cycles of voltage and current, which turns
" out 1o be the cosine of the angle by which

- vaoltage leads or Jags the current; thus:

© ... . Power = VicosB

E - {\{hare B is the pliase nnglé of lead or lag.

¢ Lel's restricl our discussion to the dc
* case: Just how do we know that "Power
.= VI" ? Our sixth fundamental law
* ' makes this claim....bul on what grounds?

-+ mental results! o o
First, let's look at what the law says,
_‘j;shown agreement. .
A law of power
- A current i is defined as a rale of progress
-

42
[T

i=08q/bt

That is, the change (8} of unil charge per
change in unil time. Vollage drop be-
{ween lwo points A and B is usually de-
fined in terms of the work W(A — Bi done
in bringing a charge q from A to B through
distance s againsl the electric field E exisl-
ing between those points. Thus:

[V(A) — V(B)] = [(EBs)

where the integral is evaluated between
A and B.

Shifting this charge requires a force f
= gE. the force doing work W(A — B). As

work is the product of force by distance:

S U WA — B) = Jif.8s). or
- W(A — B) = [(qE8s)
= qf(E8s)

The [ is the integral sign and means to
sum, or add together, all the fractional
changes (5) over a given interval. Here,
the integrals are evaluated from A to B.

And, by the integrals. above. this
means: - : ‘
©: WA — B) = q[VIA) — V(B

» :Suppose the charge moved in the resist-
" ance (see Figure 1) through a distance (A

— B)atauniformratein time, 11 — 12. i.e:
suppose the current is sleady dc.

Recall that power is defined as lhe
lime-rate of doing work. Work done in
time [11 — 12] requires power p(l1,2)
given by:

pli1.42) = W(A — By/[U1 — 12]
= qIV(A) — VIBI/[t1 — 12]
= (q/(t1 — 12DIVIA) — V(B)]'
But charge q divided by time equals cur-
rent flow, i.e: : v :
g/it1 — t2] = current i flowing [rom A to

So the tolal power needed 1o move charge

a distance [A — B} in time [t1 — t2], is:
p(t1,12) = i [V(A) — V(B)|
power p = {[V(A) — V(B]]

So, the power required to pass current i

through a resistance R is given by the

product of the current and the vollage

drop across that resistance, or simply:

- power = iV

So far, that's been all theary, no basis for
believing anything! The imporlant ques-
tion is “What does one see experimen-
lally?" ' o .

Experimental verification .

Electro-calorific (that is, electricily/heal)

" experimenls are done wherein the pas-

sage of measured current causes heal,
which can be “captured” and measured
by temperature rise. : A

"So the answer lo "Whal does one see
experimentally?” is that repeated electro-

VOLTAGE DROP

"' As before, we only believe theories which -
_tare in agreement with mul_tiple experi-

' “then afterwards how experiment has

' : of charge q alr}ng'a‘palh. thus: = . .. . ...

— Australian Electronics Monthly -

rrv-

v v

DG _CURRENT A

. . )
. el
© DISTANCE  IN RESISTANCE R

Flgure 1. The story In the text shows why the power developed In the vreslsivénée‘ls given ﬁy
‘P = VL. Other electro-calorific experiments verify this theory. B T S
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G calornhc experlmenls agree w1lh the equa-

lions ‘given above. For that reason, and

. thal reason alone, we believe the above

: power law, and the theory which has
been invented to explain it. -

- Notice that we have made no attempt

: 'to define “charge", assuming that the stu-

- . dent will be happy lo rely upon an intuit-
. &‘ilve idea of the meaning.

. " |Aside: Il is true with most studies thal
... -the meaning of one or two words must be
E ‘accepled as undefined slarting points.
-~ " This is so with the art of mathematics, as

* il also was when Euclid invented geom-
elry thousands of years ago.]

.Nevertheless we can measure charge

ond deﬁne its value : :

The sevenih Iaw.
sup_erconduetlvﬂy

Superconductivity — thal miracle of the
future (or so we're told) — is too new for
its still-evolving theory to be sufﬁmenlly
formulated and tested to rank as “law".

‘Staled briefly, it is found by experiment
that if some conductors are cooled below
a very low crilical temperature, the elec-
trical resistance drops abruptly to ap-
proxlmalely zero, as -in Figure 2. The

“critical lemperalure depends on the el-
emenl. ’

‘This effect was discovered by
H.Kamerlingh Onnes of Holland in 1911.
He found that the resistance of Mercury
apparently dropped to zero when he

{cooled it below 4.15°K, (-268 85°C)

I.osslessness

Cunfenls ﬂowmg in such superconduclors
consume no measurable power, no meas-
urable voltage drop occurs, no heat is pro-
duced and strange magnetic effects occur.
At firsl, two types of superconductors
were observed and the crilical tempera-
tures below which superconductivity oc-
curs were measured in the range 0.01 lo
20.05 degrees Kelvin (—272.99°C lo
-252.95°Q). :
‘Because such very low temperatures
require re[ngerahon with liquid Helium,
. .@ messy expensive process, classified ex-
. periments continue to find new materials
. for which the crmcal 1emperature is hlgh-
Cerstill, oo =
o 'fNew results are made pubhc from time
“to:time. Everyone hopes thal new ma-
;,'lerlals will be found with much higher
critical temperature, so thal simple re-

“';be su[hcnent

: 'Exohc metals

“- good superconductors, Neobium, Nb, and
“its alloys being highly favoured. More re-
-~ cenlly new expenments are usmg strange
ceramlcs o

“"The engmeermg promlse of supercon-
B 'ducllvxty is almosl hmllless Appllcallons

. frigeration (or even no refngerallon?) will

Some exolu: melals and thelr alloys form

" RESISTANCE |
OF METAL -
- SAMPLE

ZERO‘ OHMS —= 0 | —
" ABSOLUTE
ZERO- - -
TEMPERATURE

to over 90 degrees Absolute (Kelvin).

Resistance of metal sample as a functlon of temperature. At temperatures above the
critical temperature Tc, resistance is Ohmic and varies with temperature. Below Tc there is
no measurable resistance at all. Known values of Tc for difierent materials range from 0. .05

ABSOLUTE TEMPERATURE :

to next generallon super-computers use
two properties of superconduolors
SUPER COMPUTERS - ' .~

(1) Logic gates consume minuscule pow-
er, so can be packed inlo integraled cir-
cuits in incredible concenlrations without
heat problems. Millions of gales per chip
or addresses per memory chip seems
quile a real larget for developers.

{2) Strange magnelic properlies allow ma-
terials to be swilched by magnetic fields
from supercanducling to almost non-
conducling states in extremely short
limes, forecasling logic circuits al - yet
higher speeds; AND gates having six
picosecond delay, and nine plcosecond
OR gales have been reported, .

SUPERCONDUCTING MACHINERY o
Superconduclivity is only now entering
the elecltrical machinery marketplace. The
General Electric Company is developing a
rotor for a large turbo-alternator. The ro-
tar canduclors will be superconducting so
that the very large dc exciling currenls
(many thousands of Amps) flowing in'the
rator the rotor coils will produce no heat.
(The stator coils are planned for ordinary

'vc1rculalmg -water coohng methods).

Obvious problems are — how 1o circu-
late liquid Helium ‘from the stallonary
ground based refrlgeralor. via pipes and

‘pipe sliprings' into the rotor coils while -

the rolor tears around at 3600 RPM?
‘Bul no doubt human mgenmty will

' :w1n There already exisls at least one ship
-propelled by a General Electric ac induc-

lion molor in Wthh the tator ils

superconduclmg
HIGH VOLTAGE CABLES DI
From the outsl\xrls of London hlgh volt-

“age ‘power is laken ‘inlo the -city via

superconducling single - ‘phase.. cables

gmlles long Neobmm Slrlp superconduc-

- 267°C) .

‘dlelecmc and screen losses.
-glmost no loss, leading to dc cable ralmgsv:
’-up to 10 000 Megawatts
» :polyelhylene (XPLE) seems o be the cur-.
_ renl -favourite insulating material. Greal
- -care must be exercised in-lhe apphcallon ‘
-of insulating tapes (laid -on at room tem-

. lmg materlals oontracl much more. lhan >N

_ Austrahan Electromcs Monthly :

lars 0.025 mm lthk are formed on copper
‘or aluminium strips of 2.5 mm thickness
{in case of loss of fridge systems). '

An aclive conductor may consml of 56
such strips laid up in two layers, sur-
rounded by concentric insulalion and a
similar neutral conductor. Such a cable ,
can be used al temperalures up to 6“[\ (- o

The conduclars are lald on a hol]ow _
former. Through this, liquid Helium (from
refrigerators al bath ends) is conlinuously
pump-circulaled, up the hollow centre
and back via as channel belween the sur-
rounding concentric neutral - conductor
and the . outer thermal - shield, then S
through the pump and fridge al each end R
in.an endless cycle. o

STRIP SUR[‘ACE SUPERCONDUCTORS

Because currenls mostly flow on the sur-
face of superconductors, nol in the thick-
ness, thin strips are used rather than thick
cross sections. The current raling is usual- -
ly quoted per circumferential measure-
menl rather than cross seclional area. ..
- Niobium strip 0.025 mm thick is. raled al o
400 Amps per cm ‘of mrcumference CAL
50 Hz frequency for each 1.0 cm circum-
ference “strip carrying 400 Amps, lhe
superconductor power loss is 1.0 Walt per -
kilometre of cable length. plus some small

-‘As these power losses arevfrequency .
dependenl high vollage dc.cables have '

~Polyethylene . -~ or. cross-linked- ,- a

peratures) for as soon as the refrigerant is
applied to the finished cable the insula-.




- .. used.
: .. 'MAGNETIC EFFECTS

he ‘conductors, ‘leading to mechanical
tress in the insulation.

~The ‘decision to use superconducling
systems was laken as the London area is
so shart of space that the' alternative
~‘(many, many conventional cables in cop-
per or aluminium) just would not fitin the
_-available corridor. ‘

~ . “Superconducling high vollage cable re-
“search and development is conlinuing in

“USA. Russia and Japan. Niobium-Tin al-

~“loy is one superconducling malerial being

i'ESuperconduciing ‘malerials are perfect

" .diamagnels, that is they rejecl magnetic

-:felds out of their interior completely.
" ‘This is known as the Meissner effect. 1
“:can be used to produce magnelic levila-
“tion, as you have no doubl seen from the
- many piclures published and programmes

.on.television. : o

MATERIALS

' ‘So far Copper. Aluminium, Silver, Gold,

Lithium, Sodium, Polassium, NaK
- (Sodium-Polassium alloy) have not been
" found to superconduct, though all have

" . been tested down lo very low lempera-
"' {ures, e.g: Copper down lo 0.05°K.

.~ Many olher metals do superconduct.
- Obviously. metals with the highest criti-
“.cal temperature will be Lhe easiesl lo re-

_ “frigerate sufficiently. Of the pure melals

‘Niobium [8.1°K) has the highest critical
temperature, followed by Vanadium
© (5.02°K). Tanlalum (4.48°K) and Mercury
. (415°K). ' '

" Higher critical temperatures can be

" achieved using intermetallic compounds

“and - alloys, ‘e.g: Vanadium/Silicon
~ (17.1°K); Niobium/tin (18.05°K); and Ni-
- obium/Aluminium/Germanium . . "
. (20.05°K). T
NEW ADVANCES :
“In 1986 Alex Muller and Georg Bednorz of
“the IBM research labs at Zurich gained
" the Nobel Prize in Physics for the produc-
“ion of . ceramic superconductors. The

B “story goes that they didn’t tell their com-

" pany of lheir ceramic research until suc-

" cessful, as at the lime anyone would rub-

:v"v,:bisll such -a dream. They -used
.'.Lanthanum-Barium-Copper-Oxide cer-

* amic which superconducls at 35°K (-

238”0)' e .

.. By January 1987 other materials were
- developed-which superconduct at 70°K (-

e 203°C). The nexl month Prof. Chu of
" “Houston -atlained -superconduclivily al

"95°K .(-178°C) -using Yitrium-Barium-
. Copper-Oxide ceramic. Reflrigeration to

" this lemperature is easy using. cheap
" liquid Nitrogen, a huge improvement on

~“the “previous .expensive liquid Helium

:cooling method. The only catch is that Yt- .

“trium is scarce and costly. .-

. " ‘At the Universities af NSW, Monash (Vic)
* .and Houston (Texas, USA) and at lhe

o CSIRO, in Japan, Ohioand other parts of

‘the USA new superconducling malerials

NbZr. Others are alloys such as Titanium-
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are being produced.

Professors Shi Xue Dou and H.K.Liu at
UNSW produced a compound of Bis-
muth, Calcium, Copper Oxide and Stron-
lium having a critical lemperature of
88°K, (-185°C). As well as the high critical
temperalure, this compound is cheaper
than the Yltrium-based new supercon-
ductors recently described in the litera-
ture, and still “warm" enough lo .use
cheap liquid Nitrogen as the refrigerant.

“This new malerial is reported to be loo

brittle for cable construction, though fur-
ther research is hoped to alleviate this
problem. o :
There appear lo be lwo types of
superconducting materials: :

TYPE(1)
Type (1) superconduclors are characler-
ised by their existence in one of two
siates: Either fully superconducling or
fully normal resistive. For these materials
no intermediale state exists. o
This type includes many pure metals
which al room temperalures are reason-
able conductors, but not among the “'very
good conductor” group named above.
They superconduct abruptly when 'their

- tlemperature is dropped below Lhe crilical

temperature. Raised above the critical
temperature lhese materials are immedi-
ately in the ordinary resislive stale. '
The critical temperature is affected by
even slighl traces of ferromagnetic metal
impurities, e.g: Iron or Gadolinium. In
these malerials superconducting currents
flow on the surface, not in the metal bulk.
Magnetic fields will not penetrate these
materials when superconducting.
_ ‘Under cerlain condilions magnelic
fields above a critical field strength He

can abruplly destroy the superconducting’

property of these “type (1)” materials.
Therefore type (1) materials are not suit-
able for the coils of superconducting mag-
nets. . S

In lype (1) superconducling materials
sufficient current in a straight wire can
produce magnetic field exceeding Hc, so
destroying the superconducting property.
‘Then the malerial reverts o normal resis-
tive state, even though still at low tem-
perature,‘ . . e LT

" Partly for this magnetic effect, dc high
vollage _superconducling cables have
been used in England. ..~ - L
. Type .(1) malerials were

| nce calld
“sofl superconduclors™. N
Other materials, usually alloys, inter-
metallic compounds or- transition metal

elements which are poor conduclors at
‘room temperature, {orm the second type

of superconducling malerials.

*-.5ome of this type are brittle inlermetél-

lic compounds, such as the Niobium-Tin
compound Nb*Sn or Niobium-Zirconium
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- circuit breakers. -

'*Thbeoriles

Tanlalum, which cah be forined in an

Ta percenlage. - =~ ..°" -
{"Intermetallic compounds" are of fixed
composition, as distinct from “alloys”, a
name which usually means a solid sol- -
ution of two or more melals (in each
other) in arbitrary proportions.| oL
"Different again are the newer ceramics
previously described. o i
For type (2) malerials the critical mag-

nelic effect divides into two different val- L
ues of field strength called Hc1 and He2. -

Below critical lemperature Tc, al zero
magnetic field they superconduct com-
pletely. Then {while still below tempera-
ture Tc), if the external magnetic feld is
increased past Hcl the superconducting |
properties will declizie, the malerial is in a
“mixed slate”. Currenlt and magnetic field
begin to penetrale the material, and small
power loss in incurred as the material be-
comes parlly resislive. S A

Still held below critical temperalure T¢,
if the magnetic field strength is increased
losses increase, magnetic fields penelrate
deeper inlo the material, until at higher
field strength Hc2 the material has no
superconducling properties, becoming
again a normal material. R

Removal of the magnetic tield causes
the material to return 1o full
superconducling slate. This action is re-
versible and follows the preceplts of ther-
modynamics. S

Type (2) superconductors are used for
electromagnet coils, and in this service
they have produced some of the strongest
magnelic fields known lo mankind. 60
Tesla (1 Tesla = 1 Weber/sq.m = 10 000
Gauss). = D WERERE T

Because of their high value of Hc2,
type (2) superconduclors in straight con-
figuration can carry very large currenls,
considering the magnetic field such cur-
rents must induce. At the IBM Research
Centre in New York, thin film supercon-
ductors carried 100 000 Amps/sg.cm, and
later workers repeated this work raising
the current -density to 1000000
Amps/sq.cm. IR o »“..:‘_.: :{»b..; B

Therefore, type (2) malerials have been
chosen for some -superconducling high
vollage power cables, because over and -
above the normal current rating the cable
must remain superconducting during faull -
currents, in the lime between the onset of
the fault and the opening of prolective .

A theory to describe superconductive ef-
fects, first put forward by three physi- .

_cists, Bardeen, Cooper and Scrrieffer in
- 1957, -has been extended by later re-

search. This theory has become known as

the *BCS Theory". ~ ~ . .l
Effects which any successful Super- .

conductive Theory must account forare:

yTi-
Ta percentage, all of which superconduct .
though with properties varying with Ti- =




(2) The existence of an energy gap in
_superconduclors, (whereas normal good

ture have no energy gap), =~

(3) Thin films of suitable material become
“more- transparent to. microwaves and
infra-red light belo

- ture Tc than above,
‘(4) Each isotope of a given element has a
“different critical temperature. (Isotopes

~-are versions of an element having extra

‘neutrons, bui the same number of elec-

trons).

(5) Magnetic field will not penetrate any
fully superconducting material  (the

Meissner Effect). ' : :
(6) Earlier work found that all known
superconductors were metals or com-
posed of metals, which are conductors
{though . not good conductors) at room
temperature. But modern research uses
superconductors  which are  com-
pounds/alloys containing non-conductors
such as Copper Oxide. o
(7) The infra-red and microwave trans-
parency of thin film superconductors ap-
pears to contradict the Meissner Effect.
(8) The “London Equation” viz:

1= V/(-mc/ne?)
which replaces Ohm’s Law in supercon-
ductors. Where S
j = current density
V = vollage .

“'n = number of superconducting electrons per unit
volume s e
e ‘u}iarge of one electran
m = effective mass of an electron

(9) The entropy (i.e: the disorder) of the

malterial - structure is less in the
superconducting state than in the normal
slate. (i.e: the superconducting state is
more ordered). :

. (1] The absence of any reéislga'rix@:‘e‘,‘l St

w the critical tempera-

fo (10) Changing from  normal
superconducting state involves a latent

. heat (analogous to the latent heat of freez--
conductors like Copper at room tempera- - R

ing or boiling). »

" The BCS theory of 1957 (and later ex-

lensions) has been very successful so far,
but is not yet sufficiently tested lo rate as
a"law”. -~ -~ o

- 'We are in the privileged position,
watching a new theory evolving towards
the “law” status, with new contributions
lo the world's, deposit of knowledge of
this topic being published weekly. =~ -

The BCS theory

The mechanism of superconductivity is
explained by the BCS theory, which is
briefly stated thus: S
(a) Al the low temperature an electron
acts upon the crystal lattice, changing its
form: and lowering the energy of the
electron and lattice, which allows a sec-
ond electron to lower its energy by inter-
action with the changed lattice. :

{b) In this sense, pairs of eleclrons

“‘couple” together, the deformed lattice-

electron attraction overcoming the usual
repulsion of two similarly charged nega-
live electrons. o
(c) This lowered ground energy slate of
“coupled" electrons leaves an Energy
Gap between the coupled electrons and
the more numerous normal electrons. The
small number of “coupled” electrons do
the superconducting, short-circuiting all

energy state far above. ,

(d) The existence of the Energy Gap in
superconductors accounts for most of the
electrical, magnetic and thermal praper-
ties. : R T
(e) The Meissner magnetic repulsion ef-

to fect follows from the

.+ Experience -shows ,
- normal-state conductors make the belter
-superconductors.
7. (g) This would seem to predict that we -
of superconductivity -

those normal electrons left in the normal And so it ends

So ends our tour of the seven basic ex-

-ers who are slill awake may now put their -
~ feet up. . . RTINS

energy state, L

-(f) The BCS theory predicts that (with
certain conditions) the more the ccrystal
lattice attracts the electrons in the normal
state, the higher will be the superconduct-
ing transilion lemperature. - " -

- This agrees with practical results as in
the normal state “more crystal lattice-
electron attraction means less free elec-
trans, i.e: poor normal conductivity. .*
that . the "-poor

should look amongst the‘insulalors for the
really best -superconducting materials
with highest crilical temperature Te. =~
Perhaps this explains the appearance of
Copper-Oxide in the new superconduct-
ing materials used so recently at UNSW,
and the 95°K critical temperature Yttrium-
Barium-Copper-Oxide superconducting
ceramics manufactured in Japan, Houston
Texas and Ohio last year, and the similar -
developmenl work being carried out at .-
Monash University, CSIRO, SECV and -
Olex Cables. ’ IR
Will we progress to superconducting
malerials of such high critical tempera-
‘ture that no refrigeration at all will be -
necessary? Well may we ask, and won- -
der! Only the future will answer our °
question, there is no theoretical reason .
against it. And the future is happening
now, before our very eyes! - . . o

periments upon which all our electronics
and everything electrical are based. Read-

_Byel &

® from pa’gé M.

the ovuvlput takes.

high, because the feedback resistar is ‘holding up' the non-
inverting input of the op-amp. In fact, it is not until sunset,
when the resistance of the LDR rises above 100k, perhaps to
about 110-120k, that the 741's output will switch over again. -
At this lime, as the oulput of the op-amp goes 1o -8 V again,
the feedback resistor will “pull" the non-inverting input nega-
live once more, putting the circuit into the same state that it was ,

‘on Lhe previous night. - R R
"~ To get a better picture of what's happening, you can draw a

ureb. .o S o BRI
.. The graph on the left in Figure 7 shows what happens in the
~ circuit of Figure 5, which does not have feedback. When the
- light increases just beyond that point where the LDR resistance -
~*‘1s 100Kk, the op-amp's outpul swings very abruptly from -8V to
“+8 V. Later, as the light decreases just beyond that same point, -
- the output swings very abruptly back to -8V. - . o
- Now iake a look at the graph on the right of Figure 7. This
'shows what happens in Figure 6. The arrows show the direction
in which the light level is going — up or down. When Lhe light
level is rising (in other words, when the output of the 741 is ini- -
tially -8 V), the right-hand path on the graph will be the one that

If you can imagine the light output rising so that the 741's
output has just switched lo posilive, and then the light level -
falling slightly, the output will stay al +8V, as it follows the °
falling part of the graph. So, when that cloud I mentioned earl-
ier passes over the Sun, the output of the 741 will stay positive.
In fact, it's not until the light falls 1o the level where the lefi-

- hand path starts to fall that the output of the 741 will drop.::
-+ The difference in light levels between the rising and the fall-
. ing parts of the graph is called the hysteresis. .. - T
graph of what happens with the 741's output agairist the - - :~If you can imagine that the feedback, or hysteresis, resistor is
‘amount of light falling on the LDR for Figure 5, and also for Fig- - variable, then decreasing the value of it will increase the hyster-
ST T e e T -esis — if you like, the Lwo paths on the right hand graph in Fig-
" ure 7 will move apart symmetrically, “: "o ;
- 1f we incredse the value of the feedback resistor thus decreas-
. ing the hysleresis, the twa lines will move together. They will fi-
- .nally become one, as in the graph on the left in Figure 7, when
- the value of the feedback resistor is too large 1o have an effé
" on the operation.of the circuit. T
.- - ‘Observant readers will notice the similarity belween the Fig-
~ure 6 circuit and the circuil of our AEM5510 Night-N-Day Relay
- published in the October ‘88 issue. Next month, I'll show you
“how an op-amp is used in a linear manner — 1o amplily signals,

~Nov. 1988 — Australian Electronics Monthly
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| .'bargain prices!

Ho u .
- thought about Christmas presents for the hobbyists and

5 netre headphone extension tead

_Introductory s795
pricet T

'BNC to PL259

Now50c e .

-Jumper Set

hassles. Cat W-4012 = x GRABAG 4: AT LEAST S0 WORTH Cat k3010 720% ;
‘Normally $24.95 .. GRABAG 5: AT LEAST 5100 WORTH Ca koo 48% b
' now 5% HURRY: LIMITED STOCKS ONLY - AND THEY'LL GO L

i = Bendigo 43 0388 = Box Hill 890 0699 * Caburg 383 4455 * Dandenang 794 9377 ¢ East Brighton §92 2366

=16 ® RO ) Y RO 2 . -Ye
- 28 ] RO 0 CTRO D

- Christmas miorning —
- and you forgot the batteries!

(_ Wouldn't you be popular? All those wonderful new wizz-bang goodies and nota B
battary to make them wizz and bang! Plan ahead — if you get batteries early, you
won ;»ror‘geh. And if you get Nicads, they can be all chargad up and ready to fire . . .

jes!

The big fella in the red sult is dus shortly. Have you

USE NICADS: THEY'RE CHEAPER!
" Sure they cost more than ortina:y batterles, But you can chame Nicads hundreds of times so compare the -
price nIKundredso!ordmarynanenes! You’!! _sm: LT e e

Standard Nicads - High Capacity Nicads
“AAA"Size  Giidws 4% uwppnGize | SmM . B

anthusiasts in your family (even for yoursalf). Your loca! Diek

Smith Electronics stors is chocka blugk full of great ideas — at B :

CABLE

20885 {0.8mm) 100g rcei, approx.
18m. Cgl W-3120 Normally $4.50
this month only *4%%

2288&S (0.63mm) 25g reel, approx.
24m. Cat w-3123 .

SPECIALS up A" Qi .. SomAh | g ATS : ‘- A

Stock Up Now! AR Size _E:;:”m 4= “C"Size - fasan S14%

Winding Wire - qual i " Si AN v s11s N

g e P e crSize  dasun (11% uprgipe @, S15%

sizes available, here are just a few: D” Size .‘585‘2?’"3303 s{11% S bl: s‘ (F1§1Ch2r]) $5 '
“SubC” Size . caswn D%

Cat S-

“9y" Size  casam 16 e
GELL CELLS !deal for alarms & general purpose usage.

No.rmally SG.ZIS o 12V 1.2Ah  casan 355 12V  26Ah casax $38%
';‘_';mr:::n;:::nzl’ approx, f6m. 12¥ 1.9Ah  casn*37® 12V 6.5Ah o532 5H%
e o CHARGERS TO SUIT: S

this month only 514
Headphone
Cable

In-situ or loose - these chargers will see your NiCad batteries right!

Plug-Pack: Standard: Super:

Suitable for most general purpose  Handles all types and sizes ol Specilicatly for high capacity
insilu (ie batteries stay inside Nicats from AA through 1o SV: Nicads; also sences size and
device) chiarging. Handles 6 to 10 charge up to B cells ai once. adjusts charge automatically. (Do .
standard or high capacity “AA” Automatically senses size. Includes  nat use for slandard Nicads except
cells. Cat14-9517 charge test metor Cat M-9505 AA Size). Cat 13506

53955 b

50 you're not tied to the stereo!
Gold plated for vinualli ZE1D
corrasion , highly flexible, with
3,5/6.5mm adaptor thrown in!
CatW-1165 - .

NEW! . Normally $9.95

[

Coax Cable e v
MISCELLANEOUS BARGAINS:

Handy! As used on many videa
recorters for video input. ’
Cal W-1295 37% . .fﬂ-ggﬁ ;Dggmsé\{sﬁlgs;ulbq?r |1t11c P%% CONNECTOR: SSPDT PCB RELAY:

X s?95 . 0. . Pr your b -way |0C connector for Printed  Standard size SPOT PCB muuni
HUW ONLY 53> Sihile you solder. Cat 1621 chcuil board edges. CarP-2753  1elay, 12V {180 ohm) coil; 5A
oter T . Nomany <295 NOW 6% Normally S6.39 NOW ONLy #2240V contacts Cal 57125,
Meter Test 2.5MM SOCKET: Inlinc 40-WAY IDC: As above, bt o3l S8.50 :

S d S - plastic socket for mini head- 40 way. Cat P-2762 S HGN UNLY B
Leac owwoc\Ciipar  famay i1 DPDTPCBRELAV:
used on 3 huge range of g L] -+ above, but with double pole
Ca1P-1232 NOW OHLY *S contacts. 200 Ohm Coil.p

multimeters: ideal replacements.

With banana meter plugs and long 50-WAY 1DC: As above, bt at5.7130

Normally 65¢ NOW ONLY 45¢c 50 way. Cal P-2764,

test probes, 900mm long. : 5 Pi * Normally $6.50

Cat W-4508 1 835‘5&5,"&252‘:&’3}“ Normally $14.25 NOW Jns:vs'sﬂ

WAS $3.75 back-to-back din sackets. NOw anLy *6% ROTARY SWITCHES

; o £at P-1551 CORDLOCK EXTENSION CORD - 100: Saye on the comu(efc'

Now oy 51 ety 555 Wow ow 3% HOLDERL Soe 1S R e o Dk S 51
B PLUG & SOCKET SET:2 5 . iansion cords log:1h;} o 5 switches. All same suze, but

Pin heavy duty micraphone-type i ‘ choose Ihe contacls you want.
plug and socket et GatP-1080 e arcteation Qulandgues @GP 205 56300
:;rma(l]ly 55525n . ‘and moisture. Cat F5412 - ; sg:: 2 Egi ggggg

W ONLY . Nomally S495 NOW ONLY 3™ 2Pale .5Pos  5-6309
N CONNECTOR: Silver SPDT MINI RELAY: Small 2 Pole 6Pos  5-6106
me femalz N fine connector i size, 24 100V contacts with 8 1 Pole 12Pos  S-6312

Test Clips

Various colour (G test clips so you
can make your own lest and palch
leads up. Mini size, suit small
hoak-up wire. Cat W-4588

Normaly 95c ec, g e G AL WERE $2.25

Normally $8.95 NOW ONLY *4%  Narmaily 52.95 NOW
- Lo 'n"“l‘l”.!'.[ :

COMPONENT GRABAGS

Breadboard

Wotsa Grabiag? Everything that we Could grab to throw in the bag, that's wot! We've got them fiom undes

five dollars to under fifty dollars - and in each case represent slaggeting savinys: up 10 0, 60% off
normal prices! qut agreal way 10 feed your junk hox! - - -
GRABAG 1: AT LEAST 510 WORTH car ks0io 4% - - -
'GRABAG 2: AT LEAST 520 WORTH Cat 0010 *8"™
GRABAG 3: AT LEAST S40 WORTH Cat k-9030*19% .

What a great ideal Plaslic case
contains 350 lengths of jumper
wire in various sizes and colours
for use In making prototypes on
breadboards, Saves shoris and

Now gvailable at 80 stores: ‘ - K . L
« NSW e Albury 27 8399 = Bankstown Square 7074888 » Blacktown 671 7722 Bon 387 1444 » Brookvale

un f Sl
{Warringoh Mall) 905 0441 = Campbeiltown (046)27 2159« Chatswood Chase 417 1855 ¢ Chuitora 642 8922 » Gore Hill = v, o
439 5311 » Gosford 25 0235 * Hornsby 477 6633 » Livarpool 600 9888 » Maitiand 33 7866 * Miranda 525 2722 M | .
TN oty 62 1711 Parramana 635 2184  Penrith(047)123400. Bl S g1 3150 Bl PRESS i e
. 79711 cth » Woll A J . i . » Ballara . .
' ﬂa?aﬂaﬁ% NOW AVAILABLE AT ALL STORES — OR CALL
008 22 651004} ToLL FREE: (008) 22 6610
t. Marya 277 8977 » Ellzabeth 255 6098 ¢ Enfield 260 6068 < WA+ C 1 B666 « Fremantie 335 9723 7 FORHOME DEHVEBY' RN
onhPeﬂhJZBGgU'PedhCIn-iBYJZGI'TASOHobunSI"SDOONTOStunnParkm 1977 . o PR A PN

Essendon 379 7444 = Footscray 689 2055 » Fronkston 783 9144 * Geelong 43 8804 » Melbaurne City 326 6088

ict d 428 1674 « Aingwood 879 5338 « Spri }e 5470522 * QLD * Brisbane City 229 8377 » Buranda 391 6233

airms 317 515 * Chermside 359 6255 » Redbank 288 5589 * R 7 9644 thport 32 9863

roowoomba 38 4300 * Tawnaville 72 5722 Underwood 347 0844 » SA « Adelaide Citg 232 1200 * Beverley 347 1900
inaton 4

-Tal. L] B Vil



. As far as we can delermine, the one millionth Fun . B ol
-~ “.Way into Electronics kit {containing the $1000 gifl o
" - certificate) is STILL OUT THERE. To date, no-one ]
- has claimed their prize, which means that the kil is
probably still silting on a shelf in a Dick Smith
. - Electranics stare (or maybe at DSXpress. Or an
" ... ;. Authorised Re-seller. Who knowsl) S
- One thing’s for sure; With Christmas coming up,
virtually EVERY Fun Way kit is guaranieed fo be .
sald. So SOMEONE IS GOING TO WIN THE $1000 : B
PRIZE IN THE NEXT FEW WEEKS. . = . G |

@ wiLL IT BE YOU?

Permit Nas: (NSW) YC80/2231 (ACT) TPBB/7814

” NEW/! SENSATIONAL SAVINGS ON PHONES!

Why should ybu miss oul just because this is a hobbyist magazine?

) ‘ A'E These prices are too gooed to miss out an! . N "f-: na .
Accessories g I'I'-ER Message Forwarding ~ Cordless Phone with the  bugans e heyregone, (375
e suik STATION Phone Answer Machine  Works ' ‘

~ they're gone! - -
" o et " Yes, it aclually rings a pre-programmed number to including a great saving! Just plug it in to your Elech'olub‘e‘ \
315 degree 2mm tip sges  fromone of the world's leading  say there's a message wallﬁlg, EG - you're at wark,  phone sockeq can completely zanlqace exislyn phone Plus 2x -\
Cat 7-3002 ] wanufaclurers comes this suparb  someone rings home. Your machine felis you 50 You 1f you wish!) Has call button to summon handset . p I
370 degree 2mmtlp new Soldering Station. it's can relrieve the message remotely! Unbelievablel fram base, security coded dialling, the warks! - +Pen-shaped (ubricant for '(\
Gat T-3003 - $Q95  different from most systems: it CatF-6145 - . Cat F-5885 ) > eneral electronic use.

: . : © 0. breatfor getling into <)
430 degree 2mm tip ,$9'95 3?.?3.?'.;32;’3:‘,‘;{'.,2".?;’“'.sy""" 81 oo nFF wszgg , NOW snl 79 S ;inr;gcesnélgfe ::ga:n .

4

Cat T-3004 temperature - 1o change the Cai N-1047

: operating temperature, you -
370:!!1'80 3.2mm tip sgvs sﬁnp!y c?laf?gel thel“p.' jimpleh - AT . L Profil Wﬂﬁ'ilsﬁﬂ 5495., ’ g8 A
al T- 3005 yet more effactive than just about ow Profile ] \ T
ot st e WHATAN  LowProtle  DOWER! yoio oo (Bl Pt
Cat T-3010 Sy 2 ANTENNA- Aussie made by Ferguson, low BIg: Spray 2Ly
o WHAT A Brofile and ful ,f,’,‘":}‘;‘:"pm. Nominal 12V DC autpul (13.8V)  Quick drying, matte finish CTR
choose the voltage/current  With 2A peak oufput - greatas a  Spray lof general
Itage/current i
SAVING| combinatian you require. bench supply far most . fouch-up and pane?
ONLY G PL10/20VA (2x 5V, 24 small 12V audio (car - fnish. € 1070 ONIC
: No matier what you're into, this Cat M-assﬁ( X 5V, 24) radio, casseltes, etc) WAS $3.95
s p 50 is! Scanning? I\'s a suberb VHF PUIS/20VA (2x 7.5, 1.3A or a G/P supply. o . .
: 9 scanner anfenna, Amaieur? Cal M-3597( AV, 1.38) Cat M-8545 g Now
Covers from B0 to 480MHz so PL1BIZOVA (2x 8V, 1.14) . : '
youe got the 2m band sown up! 1 3508 t 75 Silver Spray

ferfical Discone type with 3dB PL24/20VA (2x 12V, 0.854) :
Cat M-3599 '

pain, handlps 500W transmitter Anli gtare silver paint in 3
PL30/20VA (2x 15V, 0.69A)
IM-3600

handy spray can. Quick

ower.Cat D-4315
p al drying, elegant finish.

GIVE YOUR BOAT A

= Cat M-3| - CatN-1076 - B
Was $169 : » Bigger! W

KMAS PREgEN? B .II 8 NOW. ; ".\ \\ Al_L o"E PnlcE: |[n¥:;n!c':,lg 2:2')"532'“ ‘ asuss‘ﬁ $1
one that could save your life! 429 1 so@os e one has Silasfic. -
If you own a boal without a two-way radlo, you're mad. Stupid. ONLY I ea you plenty of reserve ' \
Crazy. And possibly breaking the law. {If you go "outside” without a : . : - oomph. Great service - 738RTV ‘
radia or EPIRB you are!) Yeh, we know, “I1 will nover happen to you™, 23t E bRl DENChsupply. 13.8V * Neutral curing Silasti
Huh! Try telling that to the dozens of people Jost (ast year (or their DC output. Cat M-9547 TRTY i"“"é'g llastic

families). o - ) GET INTG sc ANNIN ] s % cono‘siun p:obnleirl::;ehgrg N2
27 Meg AM: : nnly S'l 3995 What a great hobby: no licences ar qualifications requq'e-d, and 109 Was & Kaw’ 95 U

0u can star straight away with th ! Was ’31'2'95 NOW
Tha:i's ;ight: pmle(l:ilitﬂn for you and your lami_l[y slnr Isrgss I,mahna ’ y - 9 .y With these superh Bearcal Scanners! sty DICK
hundred and forty dallars. Are you that mean? Sea Simba has al } . . -
10 marine chann{Is fitted; full legal power. Ca1D-1718 - ;I 75"x" IMbodblleh 1 OOXL ) 1S ;
S : 3279 overs all popular bands, with | T
27 Meg AM/SSB: Just® 16 chiannel memory to slare HandhEId And keep your equipment cool. Mini rotary fans are simple ta fit, ° 0
your favourite frequencies. 12 Our most popular - connect straight to 240V and are whisper guict. Can be Instalted for
i you want really tap range, top performance on 27MHz, you wani volt operated, comes with AC 16 channel memory, suck or blow. Your equipment will say “Ihanks, matel” . . | .. M
B. It has the punch to really get through. The Barracuda has 12 Adaptor 1o use at home. - cavers 9 bands S - B
channeis, also has AM for compatibllity - and is great value. - Cat D-2812 P between 66 and Twa sizes to choose from: I - i y
Cat 01714 } : 3369 512MHz. Complete Standard Size (120mm square) Cat Y-8500 -
- ) ) ith Mini Size (BOmm square) Cat Y-8505 : -
VHEM . $ e v with rechargeable
arine: The Best for : NiCad bateies Both .} DIC
Far Inshore and harbour wark, you can't beat VHF. Ultra-reliable & and charger! s :
communicalion, and if you suddenly find a million ton tanker bearing . Cal 0-2813 i Sa‘me 95 o]
down on you - you know they're listening! Tap performing Uniden J i 8 9 price: - DI | NS
MCE10 is the one you really want. SEAPHONE APPROVED, Cat 0-1720 S ¥ | B Cosl— o
AR A A A AR AN A AR AT A AR R R A B R ﬁjkﬁ,vﬁﬁ*:ﬁ‘\"‘yk_ﬁ#ﬁvx}ﬁﬁﬁﬁgvﬂ‘é_ﬁﬁlnﬁﬁﬁﬁﬁﬂatﬁ_ﬁtt#tﬁ_av\}:ﬁcﬁ_g‘ﬁﬁﬁ )

- tashow you it's smarter than you are? .-

XMAS GIFT IDEAS FOR HIGH-TECHS Sy o

It vammon? oW About  AndMore . AndEven - And The Best  Finally: Not
Backgammorll'. Chess? = Chess? . More? . The superd Kasparoy Mki2is . Cly @)
Now you can play by yoursell - vag Pi i I} Slightly better, slightly higher . Yep! The Novag All the ullimate in chess camputers; . MIVESDs [ :
asgd reall sll:rpen xou'rxskisl)ls! A ;l;t;;}t:z{v'a'gom:g:om:rl:ﬁal'!'&rinail grigu‘: lyho Kaspana kmnlsa suﬂableelnroc‘;lsgfyol:eg;?ulr: ﬂ?“u?valleﬁlzgc?:ﬁxyd eg:eal : "}:’erﬁ fug;lcegeg;il%g:' l;: rllgfninrl"‘ =
.Sensory packgammaon has 3 - - sjzad game in fold-up wallet. 38mm square set with B levels . _novices (o club tournament level ree levels a {4 :

oo p o obplay. F(I‘O rammed 10 full with a 2K program capacity and ~ Warnings, 8 pre-programmed W?“" you say? Fantaslic for

adjustable |evels, even has game . Ca'y-7osn .-
position program. Cat Y-7066 . a‘ el

international {ules. CalY-7070 . 15MHz clock speed.

sfudy levels . ."; everything. Cat .- -ham shacks, workshops, etc -
© - play. Cat Y-7085 am - l.nc.ve:s,?'v 7065, “: . We know they work beca

hem! Cat ¥-8000 - -

“uset

A . 8 995 N
249211 s79%%Ty <8¢
‘MAJOR DICK SMITH ELECTRONICS AUTHORISED STOCKISTYS: .- T
' NSW » Amnidala: Sound Componients 72 4981 = BafEma: Ballina Electronics 86 7022 « Bowral: F.R.H, Electrical 61 1861
. © Brekon Hill; Hobhies & Electronics 88 4098 = Carjestown: Newtronics 43 9500 = Cofts Harbour: Colis Harbour Electronics 52 5684
= Dubba: Chris’s Hi-Fi 82 8711 = Foraler: Forsler Vitlage Electronics 54 5006 » Blan Ines: Jofn Sommeriad Electronics 32 3661 )
‘» Eriffith: Miatronics 62 4534 « Inverall: Lyn Willing Elecironics 22 1821 « Lismare: Decro 21 4137 « Morse: Maree Electronics 52 3458
¢ Medpee: Headware 72 3895 » Nowna: Nowra Elecironics 21 4979 « Wagga: Phillips Electronics 21 6558 oVIG o Morwedl: Morwell -
Electronics 34 6133 « Shepparion: Philglrs Electronics Pty. Ltd. 21 8497 « mnnnbod: Marrtronics 62 9870 » JLD « Bundaborg: Bob
Elkin Electronics 72 1785 « Kingaroy: Holmes Todaz.Elecimnlcs 62 1658 = Kawara: Splitec 94 7349 « : Steveris Eleclronics
.8 1723-W:Kellerammnlqsm 4550 ¢5Ae M ; Hutchessons Communications Centre 25 0400 « WA » Alkany: Micro
~ -, Electronics 41 207/ » Geraldion: Ratavia Lighting & Electrical 23 1842 sKarmatha: Dave's Oscitronics BS 4836 » TAS » Devonport:
- A. Electronics & Hobbles 248322 : =" L. o T A
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A um ersal DSP peﬂpheral

‘A single chip mterface from Texas lnstru-
‘ments is said to greatly reduce the need
v.for analogue design expertise in develop-
-ing digital-signal-processing. (DSP) sys-
tems. Dubbed a universal DSP peripheral,
“the new ‘analogue interface device is said
to be a complete, flexible, high perform-
ance analogue to dlgltal mput-output sys-
tem. .. ’
» The TL032040 mtegrates the functions
‘of 10-15 MSI and LSI devices, including
*_ an anti-aliasing input filter, A-D and D-A
. converiers with 14-bit resolution and 10-
_* bit linearity, a low pass output reconstruc-
-~ tion filter, signal condmomng blocks, a

SIGNAL
CONDITIC

-CONTROL & TIMING

multlplexer. timing and control logic and

~a four-mode serial interface. The device's
filter characteristics, sampling rates, gain

selection and phase adjustment are all ,
software programmable. - ’
“Texas Instruments designed the chip
primarily for telecommunications appli-
cations, such as modems, with sampling
rates of 7.2, 8, 8.6, 14.4 and 19.2 kHz and
for high definition speech analysis, syn-
thesis, recognition and slorage systems
"The device can also be used in indus-
trial control apphcatmns. biomedical in-
struments, acoustic signal processing,
data acquisition and as a general ana-
logue interface for DSP systems. Texas
Instruments is at 6-10 Talavera Rd, North

Ryde, NSW 2113,

THSLEDSD

SIGRAL
coNolT lLlNlMx

LUNYEDLLEf»‘ )

Pretty flash A-D converter

. ‘Designed to be easy 1o use, the THC1070
" A-D ‘converter .claims 1o offer an inte-
~grated approach to high speed A-D signal
" conversion. It is said to sample al 20
: megasamples/s (Msps), and o be based
- on the TDC1020 ‘monolithic 10-bit flash
converter. It includes an analogue input
amplifier, precnsnon voltage reference, tri-
state. output reglster and data overﬂow

‘ fully tested wrth factory ad]usted
, lmeanty ‘and srgnal amplification. It re-
duces ‘board space and component as-
sembly and lest costs, the makers say. It
does not need external adjustment and

-32-pin DIP.’

guaranlees performance over the.0°:1o
70°.C case ,range Avarlable in hennetrc

ther’ eatures 1nclude complele ‘na-':

"logue front end; low mput capacrtance

wideband amplifier; two bipolar analogue
input ranges of 1 or 2 Vp-p; gain and off-
set voltage internally trimmed; and TTL
compatible three-state outputs.

Contact Email Electronics, 15-17 Hume
St, Huntmgdale, Vrc 3166. ‘

_Semiconductor fuses

‘Because of small mass and Iow transrent
‘thermal capacity in semiconductor chips,
“ihey need pver-current protective devices
that are ullra-fast acting and limit short
circuit : peak currents to a sultably low
value.

- Designed 1o protect sohd—state com-

and 10 isolate faulls in parallel branches. - -

“There are four ac voltage ratings: 150,
250 500 and 700, Current specnflcatwns
ranges from one to 1000 A. The fuses can

“'be applied at their full voltage ratmg °r.,

any lesser vollage. | :

“Further. -details - from the dlstnbutor.
Technico Electromcs, Walt.ham St, Artar- ,
mon, 2064 NSW S S

Electrlcally erasuble
CMOS PAI.s

Evolved to meet mcreasmg demand for
logic devices that offer low-cost, high-
performance altematlves to custom sal-
utions, the first of a family of program-
mable array logic (PAL) ICs have been de-
veloped with an electrical erasable (EE)
CMQOS praocess..

They are said 1o be qulckly and easrly
programmed, erased and reprogrammed
by customers 1o meel specific require-.
ments not available in standard parts.

Suggested ideal applications wanting
easy programmability and low . power
consumption would be laptop computers,
instruments, medical data logging sys-
tems, telephone line cards and on-line
transaction processors. Some key markets
include communications and electromc

_data processing, the makers say..

These devices replace as many as
seven standard logic parts, reducing. sys-
tem component count and economising
board space. They resulted from a four
year joint development by Monolithic
Memories and SEEQ Technology.

- Contact RAE Industrial Electromcs, 62
'Moore St, Aust.mmer, 2514 NSW

‘Infrared optocouplers

‘Long life operation for apphcatlons like

telephony and data processing is offered
in some optocouplers featuring emitters
in new helerojuncuon GaAlAs mfrared

technology.
-They claim to. offer a current transfer

- ratio (CTR) drop of only five per cent after

operating 10 000 hours. This compares
with the 40 per | cent clrop found in GaAs
1nfrared optocouplers el ,
Type numbers of these dev1ces are:
’CNGSS ‘CNG3S6, : PO40/44A CNR36, -
6N135 and 6N136.
. The new technology optocouplers ave

a hlgher current transfer ratio at lower in- . -

e.g: “usually 0.5 in the

, , 1500 ptA, about fwe tunes o
- higher" “than equxvalent ‘GaAs “devices. -
“This makes the ‘optocouplers suxt low cur- .
“rent CMOS, cnrcr.ut drive and ensures bet- '

r»ponents .under -these conditions, . Buss-'é_.

“:man’s semlconductor fuses are said to ter. linearity overa range Of drive cur-~

: @prevent destructive excursions of heat en- - rents, which is important in transmrttmg‘ ,
ergy | from berng lmpressed upon devrces. analogue‘srgnals s



N Stabrhly anvdv }r_ehabrhty are exemphfled
~‘in the . ‘new. :optocouplers, where the
" PO40/44a series has successfully under-
- gone the British Telecom input diode
“-averstress (so-called “killer” test) of a
- drive current of 100 mA for 96 hours, fol-
" lowed by 300 mA for 72 hours. GTR drop
. for the PO40/44A remains within only
“.seven per cenl, where the grealest al-
-lowed drop for the test is 25 per cenl and

" the allowed average drop 10 per cenl.

- The maker says other tesls at 85 per

- ,cent relalive humidity and temperature of
;.. 85° C showed the electrical performance
* of the devices to remain stable:
- The CNG35 and CNG36 in a 6-pin DIL
‘can provide a dc isolation vollage as high
as 4.4 kV. The PO40/44A, also in a 6-pin
plastic DIL, has UL recognition, and is ful-
ly approved by British Telecom for tel-
ephony applications and can replace each
of the individual PO40A, PO41A, PO42A.
PO43A and PO44A types.
The CNG35 and 36 have VDE approval
and UL recognition. The CNR36 in an 8-
pin plastic DIL features a fastesl propaga-
tion time of 8 ps. As the 6N135 and 136
are implemenled in the new lechnology

they offer lifetime operation, accordmg o

the manufacturers.
Conlact Philips Components at 11
Waltham St, Artarmon, 2064 NSW.

New Datel A-D converters

Five A-D converters have been released
by Datel. The ADC-208 is an 8-bit,
20 MHz, low power, videa flash converter
which uses a high speed 1.2 micron
CMOS process lo achieve lop linearity
and temperature performance. It operates
from a single +5 Vdc power supply at
500 mW. The ADC-208MGC operales from
0°-to 70° C, and the ADC-208MM from
-5£° la +125° C. They are prlced al 5125
and $195 respecllvely : ;

The ADC 303 is an B-bll 100 MHz bx— ‘
polar monalithic vxdeo speed low power |
Its “input- signal -

“flash ‘A-D “converler."
bandwidth is 40 MHz and it accepls an
analogue input vollage from 0to -2.0,
with a -2 V reference.

- Its digital inputs and oulputs are ECL

compauble. and it is desrgned lo operate -

with an external clock and reference
sources. :

Apphoatlons include: CRT graphics; ra-
dar pulse and motion sxgnature analysis; -

sonar, oplical and character recognition;
and high speed dala acquisition systems.

Operating temperature range is given
as -20° ta +100°C, and it's priced at
$1295. Nol your everyday A-D chip!

The ADS-111 sampling A-D converler
that uses an innovalive hybrid design
which combines a high speed 12-bit A-D
converler and a fast sample and hold am-
plifier. It digitises sinusoidal input sngnals

al lowest rates of 500 000 samples per sec- -

ond with 12-bit binary performance,

By combining the A-D and S/H, critical
layout- factors -achieve slable, high
bandwidth operalion. The converter uses
a sub- rangmg. or two-pass, lechnique far
the conversion process for hxgh speed and
precision. :

The ADS-111 has an internal clock and
an inlernal reference that can supply
+10Vdc at 1.5 mA externally. It needs
*+ 15 Vdc to operale and d155|pales only
14W, .

AppllcatJons mclude spectrum transi-

ent, vibralion and. waveform analysis.
This device is said to be ‘also ideally
suited for radar, sonar, video digitisation,

medical instrumentation, and high speed _

dala acquisition systems.
Operaling temperatures and prices are:

ADS-111MC, 0° to 70° C, $395: and ADS-

111IMM, -55° to +125° C, $495.
These devices are distributled by
Elmeasco who have o[ﬁces in all slales

vNew CMOS EPLD devrce

offers direct drive of L
VMEbus, NuBus & Mulilbus il
Recent desrgn and process 1mprovemenl

has produced an erasable programmable
logic device (EPLD) with four 64 mA and

four 48-mA drive outputs, the PLX 464. -
This is said lo improve aver the exisling .

PLX 448 with four 48 mA and four 24 mA .
drivers, - .-

“The new CMOS EPLD is sald lo be lhe -

first offering direct drive capability of the

60 1o 64 mA control signals of VMEbus,
NuBus, Mquhus II and olher hlgh per—

formance buses. -

the chip lo be an 8-bit wide “intelligent -

transceiver” ‘for 48 mA -drive buses in-
; cludmg VME and Mullibus II. 3

~The chip includes funchons domg

away wuh the need for transcelvers ’

~.open collector, totem pole high; and to

lows the device to drive open colleclor

’ Jumbo logic array offered

-ergy Contral. The ATV2500, a CMOS de-:

gation delays of 35 ns and a power dissi--
~pation of 5 mA, accordmg to lhe specxhca—»

. ages in either a 40-lead, dual in-line pack-

. : cally.
It can also drnve elghl blts of data to K
.48 mA levels, and designers can program
" methods similar to those.used with earlier. .-
b'devu:e generations. - Designers car -also -
“use’ exisling programming software and
. hardware wrlh only small updates. .
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duces board space bya clauned factor o
'20 lo 1 over discrete logic. -

The four 64 mA “*quadslaie” drlvers are
1nd1v1dually programmable lo four states

tem pole low or high impedance. This

signals which are common in bus logic. *

The 48 mA drivers are tri-state devic
Metastable hardened reglslers 1mplemenl
arbitration and synchromsatron funcUons
mlemally ’

VME. H|“YO‘Ch‘HhL: N fnullll)ll“ 1_5 lI
NuBus™ V‘»{: Pn,prmtm\, oumf o

‘All 1/Os have two mpul paths makmg
the device bidirectional and providing
buried register and combinatorial feed-
back. There is some 200 mV of input hys- - -
teresis 1o filter out bus noise so the device - -
can monitor the bus directly. Two separ-
ale clock inputs allow the PLX 448 o :
monitor the CPU and syslem bus clock al Lo
the same time. -

‘'The PLX 448 is housed in a 24-pm." Sl
300 mil wide windowed DIP. Program - - =

_your inquiries through to Energy Control

26 Boron Sl. Sumner Park 4074 Qld

Sample quantities .of an electncal[y pro-. .~
grammable logic device conlaining 2500
functional gates are now available from.
QId-based semiconductor distributer, En-

vice, offers speeds of 33 MHz with propa-

tions. i :
‘Itis available in ceramic or plashc pack-

age or a 44-pin leadless chip carrier.

The device can be programmed electri-
erased :with . UV.-‘light . -and
reprogrammed. Il-uses a slruclured archl-g:
tecture so thal desngners can program by :

v.‘.— to page 51. D




benuy

.Whlle 'rhe old "LCR brrdge” seems to have fcllen mto
L drsfcvour over the past decade, probably due fo the Inﬂux
~ of cheap digital multimeters, the need to measure
o vccrpacltance seems to have risen considerably. Hence,
- cc:pocr'rance meters have "boomed". This model from Luton
s fhe wrdes’r range Instrument of |rs 1ype we ve encountered

f?oNE OF THE NICE THINGS about the

. editor of AEM is. the way he shares the
. good. things of life around here. Like,
" passing over the Luton DM-6023 capaci-
.. lance meler to me to test drive, instead of
- hogging il to himself. The bad thing was
.- that he didn't happen lo offer it to me
" “unlil I had laboriously worked my way
- through idenlifying the multitude of tiny
~ capacitors used in the Dick Smith Teletext
" decoder kitset I had been assembling!
.Such is life, someone famous once said.
“Considering that when 1 began study-

‘my main textbooks, the classic Admiralty
‘Handbook on Wireless Telegraphy, was
. announcing that the Royal Navy no long-
*“er would measure capacitance in “jars",
it's nol so easy adapting to these new-
'.fangled tantalums and polyesters, lhe

' ‘plCDS. nanos and whatever. :
: . Grid leak condensers (I mean, capacr-
C lors] were in good old honest ppfds and
..+ you knew where you were. None of that
- new-fangled picos and nanos in those

.-aboul them. " T
’“Whal's more, capacuors Lhen were. brg
enough to say boldly on them what their

--'passa colour-blindness Lest or use a mag-
“nifying glass in order to. figure out the

'f‘tance meler it should do. ~:+ -7

jyc)u are long-sighted and need a magnify-

~cipher the hieroglyphics on a ceramic ca-

". compensalor.

admrrable fealures comes m handy At

_1ng wireless (I mean, “electronics"”) one of .

= -days to make you want to burst mlo pnnt ,

»'capacrtances were and you didn't have 1o
~value. Which is leading up to say that if
‘».f-your WOl‘kSth doesn't have -a capacn- R
Il 'you have reached the stage where
_ing glass as well as reading glasses to de- -
- “pacitor, a capacnance meler is the rdealv B

- - "This is where tlle Lulon wrlh 1ls manyb

: -Australian Electronics Monthly -

aboul 180 x 85 X 45 mm 11 s small, doesn l
need a power point, and goes anywhere

in lhe pockel ll il's not tao small a pockel"

Erght ranges

There are erghl lesl ranges, and the meter
will read from 0.1 pF to 2000 pF. This can
be extended 1o 20 000 pF (0.02 Farads!) by
parallelling . the twa lop scales in. this
exlra-featured model. Calibration was nol

hard 1o do, and did not need ad]uslmg fre- .

quently.

The -unil employs LSI cxrcurlry. and a
crystal oscillator clock for accuracy and
fast sampling. I takes around. half a sec-
ond for a reading. It is prolecled from
danger from charged capacilors, in case
you hadn'l already got a kick from that
electrolytic and so discharged it when
yau connecied it up. Short test leads are
provided for the 4 mm sockels on the
front . panel These are polarised, for
measuring electrolytics | presume, as the
handbook -doesn’t ‘mention il. You can

‘plug the capacitor's leads directly inlo the

sockets if you wish. The handbook tells
how lo take the test lead capacitance into

‘account, A 9V "lransrslor radro batlery

pawers the instrument. .

“The range selection swrlches are push-
bullon types, arrayed. dewn the left hand
side -of the instrument. To measure.ca-

pacitors -above 2000 pF," ‘you -press the
'200 uF and 2000 pF switches in together.

1t is possible to push other range switches

“in al once also, bul the display just over-
ranges so you can't operate lhe uml ll you )

make such a mlslake

“The meter has a handy foldmg sland in
‘the case rear, for flal or hall-upright use.

When handheld, it has a solid, substantial

;feel abnut rl none of your flrmsy. lragrle

Nov. .1 988

‘ments or.an ‘old : ‘codger like

: ever—drmm hin

‘meter and yo

;know be they Levden or foammg nu

el-c‘heepo lée]ingvefv "d‘rpp il two cenu- ’

metres and it'll crack in 10 places” about - -
it. This is the sort of instrument lo sland_ :
hard field service for professionals. - -~

“The four-figure LED readout (3%-digit)
is large enough, with 12 mm high figures,
that I did not need my readmg glasses in
poor light o read it. Accuracy is quoled as
0.5% of full-scale. 1 on the last digil on
the 200 pF to 200 pF ranges, and 1% of
full-scale +1 on the last digil above thal,
except for the lop range, where it's 2%.
Such accuracy is well within the bounds
of the broad range of requirements en-
countered in most service and develop-
menl work, I believe.,

In use, it measures a capacrlors value
within the blink of an eye! Even large -
value electrolytics .don't slow it down. - -
Checked against our Philips PM6303 -
Aulomalic RCL Meter, the Lulon came up -
well within specs. The handbook says
leaky capacitors can be detecled by a -
varymg display reading — handy if -
you're into vintage radio restorations, .- -

The instruction booklet is comprehen-.
sive, ils main faull being that it was writ-
len in Japanese English. At least il gave a
useful pico/nano/pF conversion. table,
which I found worthwhile. After all, why
bother writing aboul nanos when you can
see by a glance al the table how many
pics make a nan? Enough dxgressron the .
instrument's operation s fairly . self-
eviden! and the language in. lhe han}\“: :
clear enough thal common sense will see
you through. - :

“For a retail price of $1- )
6023 capacrlance meter. is well worth n:
vesting in, whether you're a.ser
needing qurckly -read, accur:

vainly 1o cope.wrlh ‘modern’ capacrlnrs:fx} ‘
ishing in size and legibility of .

markmgs
“So, see the distributors, Wagner Elec
tronic Servrce ; D

queslrons
Aboul lhe only laull" 1 could find

sca]e in jars. Us KlWls hke our. jars




brown: that's where capacity counts!
If the “magic eye" on your 30-year old
LCR bridge or capacity lester has become

geriatrically weak, you had betier up-

grade to a digital readoul unit like this
Luton. (Roger jumped in here lo say ! had
‘better explain what a “magic eye" is, or
was). Well, the magic eye was a valve
-with'a ‘green ‘circular fluorescent “largel”
- at the lop, the fluorescence describing
- 360° with a radius line from the cenlre to
“the circumference at the bottom. How
- much of the targel was covered by fluor-
. escence was controlled by a grid in the
valve, leaving a narrow wedge dark or a
- narrow wedge light al the extremes.
" They were a very popular gimmick in
, frecelvers The magic eye was usually
mounted on its side, so that the largel was
seen through a transparent bezel or hole

in-the front panel. The target control grid

was connecled la the receiver's AGC.
Lack of AGC voltage made the fluoresc-
-ence spring apart at the radius line, and

- presence of it made the ﬂuorescence tend °
lo come together with a greater or lesser ‘

gap dependmg on the voltage.

A magic eye made a good tuning mdx-
calor, and in those days when such a -
valve was cheaper than a meler, it alsa
made a useful indicalor for tuning a null -

_or peak in applications such as a capaci- :
. lance tester or LCR bridge. It had a very
. high inpul ‘impedance . and . was thus a 5
‘very sensitive mdxcalor Thus endeth
'todays lesson _ﬁ_ : -

was kindly lent to us by Wagner

. Electronic Services, 305 Liverpool Rd :
" Ashfield, NSW2131 (02)790 9147, L
7989233,

| significantly. It has 48 reglsters and24 170 .

.| system performance -with the power .’
| charge of PALs, and: it will need.only one

.| same system configured with 22V10s.

/| quiries to Energy’ Control 26 Boron St
y Sumner Park, 4074 Qld s o

-IBM has formally announced that its PS/Z :
- | model 35 is an AT compatible machme us- . -
L lng the VLSI VL82CPCAT chip. R

" | Energy Control at 26 Boron St Sumner_ -
‘| Park 4074 Qld. : oA

| sible, from drive currents of 10 mA, high

- | the second for expanding low-power ap- . )

.| with more planned, and inlensities go

GaAlAs devices, fabricated by a single- - o

_low current. -

‘radialive recombinations ‘provide a high °

tent is that the new :LEDs operate at :a "

.eye is more sensnllve ‘than the outpul b
»wavelength ‘of ‘other “LEDs. The - chlp',

/|- capsulalionensure ‘the crystal -does ‘not -

: oxidise .under ¢ even the most humid con—*
The Luton DM-SDZS review 1nstmment o i

from the distributors.’ Full details from *

: 1roin"p’age 49..

relglil 22v10 cxrcmls ‘and Teduce ‘powe

ports. Ils 5 mA power guaraniees high .

per cenl of the power needed for the

The chip is tested 100 per cent for pro-_
grammabllxly before being shlpped In-

PS/2 uses VI.SI Desngn ch|p

* This chip is made by VLSI.Design of ,
Hong Kong, represented in Australia by

Hyper-red I.EDvs} nof found

lunderbeds

Wllh luminous mlensmes ol up to
200 mcd at a wavelength of 650 nm pos-

luminaus flux hyper-red LEDs are almed B
at two markel segments. s '

The first market includes standard dlS-
play panels, information boards, moving
advertisements and electronic games, and

plications such as batlery warning lights - -
-of indicators in portable equipment. An
extra fealure claimed is longer life. = "
-The range offer light outpuls from 0.7 10 . -
200 med, 2 or 10 mA drive current, beam - -
widths from 20° to 110°, and various en- -
capsulations. There are four 2 mA types

from 1.6 to 35 mcd, and all can he dnven L

'| directly from CMQS ICs.

"The LEDs are single helero]uncuon,

step liquid phase epitaxy process. A rela- o
tively high percentage of aluminium gives
.iigh electron injection efficiency so that- -
the LEDs are driven at high currents or al- -
ternatively have more lummous oulput at:

 High electron mjechon and low non

photometric efficiency of between 2 ‘and
4 Lm/A. Also a result of the. high Al con-

wavelenglh of 650 nm, where the human -

passivation’ and the’ hermellc plasuc en--’

dmons - :
“A wall chart of the range is avallable, o

Arlnrmon. 2084 NSW 4_

Philips Components, 1 Waltham St‘ N
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Practical Techniques in Electronics

:Jack Mlddlehurst

ofaudlo equlpmeni

’1‘he "source" eqmpment Here s how you do |t

SO YOU'VE just bought this é)‘cpenéi,vve

new lape recorder (or whatever) and you

.. connect il into your hi-fi system. [t sounds

" marvellous. After a few weeks you notice
~“that the lows are nol perhaps-as solid as
- you first thought. In faci, now you come
1o think about it, they could even be des-

- -cribed as a bit thin. You may even decide

10 go back to the vendor and ask about the

- prohlem. He (or she) will assure you that .
- the equipment has a response thal is flat
- well beyond your ears both at low and

'hlgh frequencies, so the trouble must be
in the rest of your electronic syslem. You

" know perfeclly well that your system
‘. works well with all the other bils and -
" pieces, so what is the trouble ? Il may -

range of possible loads bul itwill be more
expensive. Since the ratio of the cast to
the consumer to the cost to the manufac-

turer is at least 2.5, every cent thal can be
saved improves lhe chance of bealmg the g
‘competilion. '

While this may be ‘nice lo know. ll
doesn't help much with your: problem
with the new equipment. If you could

find oul what the values were for the ca-
pacitance and the outputl impedance of
the amplifier you would be in a better
position 1o do something about it. So you

go lo the instruction book and circuit. Sor-
ry. only joking! Even Nakamichi don'l

‘provide a circuit with their gear and give

little information about the output im-

“well lie with the output characteristics of - -

B »the -equipment that you just bought.

. Aparl from power amplifiers, all pieces
of electronic equipment use some form of
small discrete or IC amplifier to provide

- - the signal al the output socket. Often this
" amplifier is a BC547/635, a uA741, or part

-~ of an LF353 or similar IC. always with

" " some feedback, and usually in series with

" ‘a capacilar to prevenl any dc voltage ap- -

." pearing al the outpul. In addition, there is

" often a series resistor to protect the output .
“amplifier slage in case of an accndental

' 'shorl circuit on the oulput.

~The output impedance of this cumbma-‘.:» :

| "'j'When mterconnechng audio equnpmen'r a tape deck to a pedance (ut ‘,‘",°.W my Nﬂka""c*“ tape

_ preamp/control unif, for example, it is often desuable 'ro
~ know or to determine the impedance “Jooking bcck" |nto L

[':' deck's 1.2k!).

-So, sharl of laking the whole thing

‘ :aparl and tracing the output circuit, what
. 'do you do? The answer is lo measure the

: ._'properlles that you need withaul opemng
' " the eqmpment ,

The approach

g Flgure 1 shows lhe snmple circuit that you
.are trying to measure. The shunt resistor
"o earth is usually a very large value and

can be ignored. It would be a trivial job if
you could get at the junction of the outpul

- resistor and capacitor but unfortunalely

this point is not available, being buried
somewhere inside the equipment. If there
was na capacilor, you could measure the
oulput impedance by putting a load on

‘the output lerminals and seeing by how

much the outpul vollage was reduced.
‘The capacitor complicates things, so we
have to be a litile more crafty.

tion is set by the designer assuming that . | =

- ‘there will be a particular load on the out- C
- .put.If, for example, the designer assumes . :
- 'that‘the minimum load will be one meg- -
.- ohm in parallel with 30 pF (a common in- . |

- put lmpedance in much equipment), lhen o
- capacitor can be quite small (say 10.0F —
.- 0.01 uF) and the amplifier output 1m- -
. .- pedance can be qulte high (several thou-. ‘.
" sand Ohms). Thls mlmmlzes lhe cost uf
- ‘,’the equipment. : .
_ “If the des1gner uses a 2 2 uF capacuor =
s lhe equnpmenl can cope wxlh a wnder_
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cnllator together with a high impedance ac
voltmeter (at leasl 1M or better) that
works over the audio range, and/or a high
impedance oscilloscope (that is, having a
Y input impedance of 1M in parallel with
.a small capacitance — a prelly standard

specification). Having gathered all of thls, :
R ~ equipment, then the frequency at which
" the output will be 3 dB down in response, .

we proceed as follows:

A. With no load on the output arrange lo
gel 1.000 Volts for a frequency of about
- 200 Hz at the output terminals. If you are
“lesling a tape recorder, simply record a
few minutes of 200 Hz on ape and play it
back. : . , o

B. Then put various resistors across the
output until the output falls to say, 0. 7
volis or less.

C. Write down the frequency that you are
using and call it Fhigh, as well as the voll-
age, that is 0.7 V (call il Vhigh), and the
value of the load resistor (Rload).

D. Remove the load and arrange lo get
1.000 Volts of a lower frequency, Flow
(say 40 Hz), at the outpul. Put the same re-
sistor, Rload, across the oulput and meas-
ure Lhe output vollage Viow. The voliage
will probably be 0.5 V or less. You may
have to Iry a few different frequencies
and values of load resistor until you get a
useful reduction in outpu! vollage at each
of lwo reasonably separated frequencies.
The advanlage of using an oscilloscope is
that you can see if you are overloading
the equipmenl and gelting a dislaried
waveform. If so, the load resistor will
have to be increased. The formulae (hat
you will be using are only correct tf Ihe
waveform is a sine wave, .. i

E. Having taken the measurements. you
now have to do some arithmeltic to get the
information that you need, so get out the
calculator and some paper and a pencil to
wrile down Lhe values of all the tlungs
vou have lo calculate.,

1. Calculale -
©,* = 39.4784 x Fhigh x Fhlgh
[Note—~ 39.4784 is 4 x n‘] R
Calculate
3 (.ul = 39.4784 x Flaw X l‘law
3. Calculale V,* = Vhigh x Vhlgh
4 Calculale Vl = Viow x Viow ..
5 Calculale R/ = Rload x Rfoad
6. CalculateV‘ = V 2 \/2 LR
"7, Calculatem '

. B. Calculale
L C' = V x V 2

' "9 Calculale C
f]O Calculate

lef~,V' X Vi)' x of
'11 Calculate R’.— m’ x Diff + V2 +
12. Calculate Rouf = 1/[R-) — R]oad
(Tlus gwes Rout in Ohms) :

The equipment needed is an aud:o os-

," oW s w !\:

' 8.C= 0.2209 x 04624 —02415 x

~ 1000000 + 100000000 X

wh:ch glves C? = - 0. 050225 :
- 8.C = ]/0 050226
;: 10 anf

511 R2 ‘
: X 311 865.15 + 0.2209 + 04524 N

"’You now have the values of C and Raut
-that you need. When' calculatmg, followf 7 =
the equalions step by ‘step; enter. the "% = 271.0hms

guantity, then press Lhe required oper-

ation key { x, + etc}, enter the next quan-

lity, etc. Where there are brackets, evalu-
ale them first.
If you are going to put a load R/on the

is given by:

Fadn = 159155/C/(Rout + Rload) Hz,

where C is in |tF and the resislors are in
. Ohms. o
_ The load would usually consist of a vol-

ume control in the main control unit.

- These are commonly 100k aor 1M, but in

the betler class of equipmenl, to keep the
noise level as low as possible, they can be
10k or lower. This can be the cause of the
trouble if the oulput capacitance that you
have just measured is, say, 0.22 yF (220n).
For an output resistance of 2k the 3 dB

"down frequency with a 10k load would

be 60 Hz; not particularly hi-fi!

For everyone's edification, and to give
you a little confidence when tackling the
exercise yourself, here's a “worked ex-
ample”. Let us lake the case of an out-
board phono preamp feeding a pre-
amp/caontrol unil. Say we sel Fhigh to
200 Hz and apply a signal generalor af the
phono preamp's input and arrange to gel
1.000 V on ils oulpul, with no load con-
nected. Trying a few load resistors, we

find that a value of 10k causes the output o

to drop lo 0.68 V (Vhigh).

Now we setl the signal generalor to -

45 Hz (Flow)and adjust the level (if neces-

sary) so that the phono preamp’s output is
again 1.000 V with no load. Applying the

10k load resistor again, we find the output

drops to 0.47 V. Now we run those vvaluesv

through the calculator as follows:

1.0, = 394784 x 200 x 200
= 1579136

l—39.4784x45x45=
.V,2 = 068 x 0.68 = 0.4624
.v2-—o47x047_,02209

.\/2 = 04624 — 0.2208 = 024]5

Lo? = 1579]36— 7994376
=1 499 192.24 - :

:1499129.24 + 1579136 . -

1 000 000 -+ 79 843.76 - .

. 0.224 F
0.2209 x 1579 136)
— (0.4624 X 79 943.76)

348 831,142 — 36 965. 995 :
31186515 U
100 000 000 + 1 449 192 24

203 655 325

79943.76

.R =.10 000 x 1[] 000 = 100 000 000

~ So the phono preamp has an output im
.pedance of 4271 Ohms with a series ca »
_ - pacilor of aboul 220n. So, the -3 dB bass '
end rollofl with a load of 10k wnll be:

Fadn = 159155 + 0,224 + 000)
150155 + 0224 + [14 2711 i
4879 Hz

So much for the bass! As ll]ustrated earl- -
ier, lower values of Roul make matters o
warse, L . -

The cure

The dlfﬁcult questlon is, havmg found Lhe
cause of the problem, how do you fix il?
The best answer is to gel into the equip-
ment and install a larger capacitor, but if
that was easy lo do, you wouldn'l have
had to take all these measurements! There
may be lats of good reasons why you still
don't want to attack the equipment: war-
ranties, lack of confidence, the sheer diffi-
culty of getting at the necessary compon- - .-
ents, and so on. '
If the equipment has plenty of output
the stmple solution is Lo use a vollage div-
ider on its output. If you are feeding di-
‘rectly into a volume control, this can take
the form of a resistor in series with the
‘oulput (providing the output doesn't go di-
reclly to the volume control's wiper, in
-which case you progresstvely lase bass as
. you lower the volume. - Ed.). o
-Suppose that you can reduce the output
‘lo one-third withoul straining things un-
duly, and that the volume contral is 10k.
" Simply putting a 22k resislor belween the
- output of the equipment and the input ta
- the volume control will do the trick. This
~will reduce .the 3dB_frequency from
. 60 Hz in our example to 21 Hz which will
" 'produce a very notlceable improvement
* in the sound.
The resistor is best screened, either by
- mounting it in a tiny box, or possibly
‘mounling it inside the plug (e.g: DIN 7-
© pin) thal goes into either the conlrol unit .
'(preferably) or the eqmpment (not as : -
* good). It is not likely that a resistor of this - -
value will sngnlﬁcanl]y affect the high fre- .
© ‘quency response unless y you have masses
- of shielded cable. belween the resislor -
end the volume control in the conlral .
“unil. In this case a small capacitor, say
-.100 pF, across the 22k resistor will help. -
- 1f you do not have any output voltage
. .o spare, the only thmg foritis lo build a_
-~ small amplifier having ahigh inpul.im-.
- pedance and a gain between 1and 2, and
" insert this between the : ‘equipment and
‘the control unil. Since you are now Lhe ~
designer, make sure your amplifier has'a. -
" low output impedance and that thereisa
" large capacilor al its output. It is a good-
_idea to inserl a series resistor ol say, 470 »
Ohms for protection against accxdental. N
- short cnrcutt of the oulput j,_ L
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Literature Review

~ DICTIONARY OF ELECTRONICS by Ian
Sinclair. Collins Publishers, 1988. Paper-
back, 378 pages 196 x 130 mm. ISEN 000
434345 10. Priced at $12.95. Review copy
from William Collins, 55, Clarence St,
Sydney, NSW 2000.

I wouldn't like ta caunt how many words
: are defined in this dictionary in the Col-
lins Reference series. Too many o count
while writing this, and any rate the num-
ber is nol a question in Trivial Pursuit. It's
‘easier to say that there are 373 pages
taking you all the way — or most of it —

" from aberration lo z-parameters.

_The author prefaces his work with the
remark — among others: ""There are still
dictionaries which present slang words of

“the Second World War periad as if they
‘were parl of modern-day electronics; in
- contrasl, the present volume is an attempt
to define and explain the lerms which I
beIxeve lo be relevanl Lo modem eleclron-
ics.’ :

: We]] lheres a ]ot lo be sand for nol
“clultering up the book with .obsolete
- wards. -However, 1 would have thought
_~that. ‘wilh a dictionary being a reference
- for its subject, students and others could
- “look 1o such a work for definitions of
- “things that dropped .out of use many

nduction coll Nlpkow ﬁdxsc. crystal or"

: gnd Ieak .detector; ‘or. coherer -were,

- years ago. So if you don't know whal an
,occasnonal sharp between E nal ral and F.

won't flnd the answers here. ,
One amission 1 still think is a lxttle puz-
zhng We know ‘there" ain't no mho no
mo’, so we do not find any in thls diction-
ary. To the modern student trained in Sie-
mens ‘who stumbles ; across a reference to
“mho", this dictionary will not help.”.
There is, though, a weallh of cnmputer
and general, relevant, . ‘engineering and
scientific nouns and symbols defined, The
author; renunds -us of the needs of .the
non-specialists and that this dlcuonary
helps .them. :“This.. book ‘has "therefore
been deslgned with mare than the needs
of the traditional e]ectronu:s student m
mind,” he writes. E
Full marks . go to the seumg out in
easily-read large type, the clear English
— not American — language or spelling
(except for *'z” in wards like stabilisation).

Malhematxcs are used 1nfrequently. and

then only in necessity.

Occasional diagrams add to clarlly.
specially for people like me who can
never remember the circuit of a Darling-
ton pair. There are useful lists of symbols,
the resistor colour code and ather refer-
ence malerial found in the last five pages.

Not until 1 browsed through this fasci-
nating adjunct to e]ec_tronics was [ aware
thal microwave. avens operate on
2.45 GHz. Until now, as a denizen of the
low frequencies, with odd excursions into
VHF through TV, FM and 2 m amateur
radio, 1 had ‘assumed that microwave

ovens cooked by surnng up the action in

the molecules of food for ‘my dinner.

Now ] know that 2.45 GHz is the fre-
quency the ovens’ magnetron oscillators
are tuned to because that frequency cor-
responds 1o a resonance of the hydrogen
aloms in water. From now on I shall be
trying to visualise all thase hydrogen
aloms in my cabbage resonating inlo a

really hot.dance as they swlng round on
the turntable! . - ‘

Furlher use fbr a dlcllonary lmagma-:_

tion sumulator L

A dlctmnary hke this is very useful lf

you've .only. limited -experience .in . the

world of electronics, When - ‘you hear or
. read an unfamiliar term, it gives you the
-chance to find out what- the: thing is. Is

“sporadic E" an mternultem EMF or an

natural? Well once you've looked it up in
- the dictionary, you know lo get out a vol-

. There's one thing that every ]aboralory.

' fied in the front end of our 6000 Series -
-member. Stewart Electronic Components
_Electronics’ praduct lines and this book :
-provides an mvaluab]e reference "back
. up" {o that. . '

"‘15 useful and interesting in ils own nghl']. :
: .the ccross-reference .‘and

ume on the mnosphere and propagatmn :
1o learn more. :

I recommend this dlctlonary also for_»
those who find the computer and solid- .-
state worlds nol as open a book as thls
one is, when Opened at the nghl page. .

NTE TECHNICAL GUIDE & CROSS REF-
ERENCE, ‘4th Edition, 1988-1989. Pub- -
lished by NTE Electronics -Inc. Card -
cover, 640 pages total, 215 x 277 mm. -
Available from Stewart Electronic Cam- -
ponents, PO Box 281, Oakleigh Vic 3166. o
(03)543 3733. $17.50. Review copy from :
Stewart Electronics.

service bench, home electronics work-
shop or ham shack never has enough of,
and that's data books component refer-
ence books. This book would have to be a
must in any of the aforementioned places.
NTE Electronics is a US component dis- .
tributor with a huge variety of products,
particularly. specialising in semiconduc-. .
lors. Their NTE461 dual-JFET was speci-

Ultra-Fidelity Power Amp, you may TE- .

imports and slocks some. 1500 .of NTE .

“While the NTE product gmde and dala”

replacement D

! ﬂz WHITETO.

" FOR YOUR FFIEE 'AMIDON' FEHHOMAGNETIC MATERIALS CATALOGUE

"Pb’jeox 281, OAKLEIGH VIC. 3166
: PHONE (03)543 3733 FAX (03)543 7238
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volved in electronics. -
“The range of NTE semxconductor prod—
“ucts is particularly “meaty”, with some
“excellent devices for low-noise audio and
“RF applications and — surprise, surprise!
— some germanium transistors. There are
‘power MOSFETs and RF power lransis-
. -1ors covering from HF through UHF,
~.'matched pairs-and- complemenlary pairs,
- FETs and bipolars, power diodes and sig-
" nal diodes, zeners and voltage multipliers.
" Comprehensive dimensional outlines and
: ’pmouts are included.
- .- Also included in the semiconductors
© are a range of linear and digital ICs
" (CMOS and TTL), all with comprehensive
 pinout diagrams. There are display dri-
“vers and microprocessor listings, too.

- Just in case you thought the emphasis
on active devices was too one-sided, NTE
list a range of resistors and capacilors,
and quarlz cryslals, too.

. The cross reference and replacement
- puide for semiconductors is voluminous! It
" covers US, ]apanese and European parl
numbers and is arranged sensibility in
 alpha-numeric order. Thousands upon
- thousands of semiconductor types are
listed. In facl, the publishers say they
~ have included some 14 000 new cross ref-

_ erences in this edition! :
Usefully, the area next 10 Lhe spme has
_- ‘had a series of five 12 mm diameter holes
 punched in il, makmg it ideal for storage
‘and protection in a “Lever Arch” file or

‘:51mrlar

“ Gel a copy, you won'l know how you

" jnvestment. But don't Iel it out of your
snght' ,

ARISTA ELECTRONICS
. CATALOGUE. Publisher: Arista Elec-
" tronics, PO Box 191, Lidcombe NSW
2141. (Cost: $2.50, inc. post and hand-
ling).

" If not perhaps destined to take a place in
: Engllsh literature like the plays of Shake-
" speare, the 1988/89 Arisla catalogue - in
- glorious Technicolor — would neverthe-
¢ less be compulsive reading for every re-
. tailer in Australia wanting to make a buck
" selling components and accessories to
" “public, professronals ‘and - enthusiasts

1988/1969

-~ alike. Likewise, if you're in one of the lat- -

~ter calegories, this catalogue will appeal.
-~ This quarto-sized book has 121 pages
,:’(1ncludmg inside the covers) of enthral-
" ling and lemptmg hardware for dealers
" seeking lo lure more custom into their
- - shops. Enthusiasts who also want lo gloat

‘ ﬁngers do the walking!
- The story begms wnlh conneclors on

‘guide should prave mvaluable lo anyone ‘

~ ever did without it. AL $17.50 it's a cheap -

= Roger Harnson

- over the goodies in Arista's cata]ogue can
’ jfget a copy, by sending rustproof coin of -
" the realm through the mail service. For -
_-dealers il's free, all others pay 82. 50 a
"~ copy. A cheap mveslment - let your .
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page 2, and from there on the pace

mounts steadily as connectors give way
to utility boxes on page 17. The action be-
comes even [asler: batteries charge inlo
aclion on the next page (18): but can the
author hold this pace? Buttons, NiCads,
alkaline cells, chargers and testers have
their day, however, and the remarseless
grind of swift action sees audlo cables be-
gin their rise. .

No, this is not a chromcle c:f the rise
and fall of kings and queens of some
European dynasty: rather, the cadences
of the variations of electronics lechnology
of our.day. :

Black and whrle is as dead as 1ls v
equivalent: while B&W oultline ‘'skelches
of conneclors profusely illustrate the
opemng pages against a colourful setting,

- they give way lo colour piclures of such

exciting abjecls as tools, amplifiers, tape
erasers and microphone mixers.

Not to be missed are the “Arisla_ Sol-
utions™: five brochures covermg certain
calegories of accessory listed in the cala-
logue but elaborated with more descrip-

tive detail, with 1nstallat|on and use ex-

plained.

Seven more brochures will follow the
original five, covering: Speakers and
Speaker Systems, Microphones . and
Sound Reinforcement. Audio Accessories
and Headphones, Public Address Installa-

tion, Telephone and Intercom Accessor-_

ies, Tools and Technical . Alds. and Com-
puter Accessaries. "~

‘Cuslomers need only ask' al an Arlsta"
dealer for copies of 1he brochure or bro- _

chures of inlerest.

“Thus does the rlch lapestry of electron-t_"

ics componentry bedazzle the reader; for
the retailer, it will hypnotise you ‘with this
kaleidoscope of colour into ordering stock

_from Arisla 1o enliven what. mlght olher-,
“wise be dull, unenlrghlened wares. s
“.'The slyle is prosaic: no hlerary embel-}
“lishments 1o garnish an assembly of items
-useful in any ham shack, laboratory, {ech-
nical teachmg college ‘radio stalion or
- whatever. ‘The . plain simplicity of the
‘-,slyle llke George Orwell s Down and Out CEee

‘ness of the rnessage j)erhaps far more .
~fectively than. e]egant and enﬂoweredi =

- first time thrs year, ‘the catalogue has re

English could do.
Of direct appeal to retailers would be

“the Arista Stylii Selection Bar, featuring

48 replacemenls for top brands of stylii.

- The cabinet is painted silver gloss and

each stand has transparent swing doors to - )
keep out dust and prying fingers, while .

' dlsplaymg the goods m all therr beckun-_»’ .

ing temptation. s
The catalogue's story lheme is conslanl
and the author does not become enticed
into side issues which could otherwise
detract from the message 1mplu:|t in the
narralive: profit ‘opportunities for retail-

_ers. The tempo of the presentation of this

theme is constant: there,are no crescen-
dos or diminuendos, peaks and troughs,
hills and valleys to usher the reader into
moods of enthusiasm and ennui, highs
and lows. The profit and loss account has
no red troughs of despair or black peaks
of exultant brevity: only a steady, if up-
wardly mobrle progressu:n in the prohl
line.

I have seen Roger lhe edllor gnaw his
nails to the quick. emotionally rent be-
tween the Dick Smith Electronics and
Arisla catalogues when he wanls details
of a TV high gain antenna amplifier or .
foam pads for the earphones on his Walk- -
man. This is how the Arisla catalogue, if
not used with strict self-control, will con-
vert strong dealers inlo hapless addicts to
the opporlumues the Ansta stock prom- L
ises. o

Take it to Perth wnh you, because cer-
tainly it will make better reading on the
plane trip 1o next year's Perth Electronics -
Show than the insipid, frothy, in- ﬂlght
magazines that the airlines insult the in-
telligence of right-thinking, enlrepreneur-
ial retailers with, Far better 1o spend the
time learning the Arista catalogue off by
heart if you are a Retravision, Betta, BVS
or Electricentre — or just an independentl
— dealer, working out how you can use .
the knowledge to make more profit. - - -

Sa compulsive is this book, and so hard
it is to put down, once starled, we recom-
mend you ask those helpful Arista peOple -
‘at Silverwater, Sydney for more copies: "
one each for the caravan, the boat, the
townhouse, the Cessna, the hollday o
home and the 4WD. - - i

S 1f you haven't gol “all lhose appurlen-»- i
.ances of commercial success yet, don't:
despair! — If .you ‘'stock Arista parts and. -

~fill your shop with Arista display stands, : -

PoS material, carrybags and lransparem

“bags (as depicted in colour in the .cata-
‘logue), there's every chance Ihalyou willl.

For the enthusnastlconsumer, for: the

‘ommended retail prices “...10 give you
an mdncahon “of the. prlce for compari- -
son", says managing dlreclor Mike Dean.. -

_,Ben Furby:_‘l




‘Regardless:of Where youlive m"Austraha you can'take advantag
our Sydney and Me]boume stores or our Mail Order Service, S

SPEAKER STANDS

spaaker stands, Base slopa s

adjustabla 1o aliow you to find the

correct listening position far your

tpoakers.

® Holds speakora witha minimum
dimension of 220 x 190mmm

® Maximum speaker weight 30Kg

® Stand hoight 125mm

® Stand base dimension 370 x 280mm

® Log studs 1o stop slipping and
vibrating on carpets are aasily
temaved for smoath e llgors, elc.

C10768 ...

ollection D-; 39mm Oots trio pitch
Dark face screen

640da
240line (vemcal)

TRON -

EGA COLOUR MONITOR )

Quality maniiors withaut the
xorborant price tag!

Disploy Tubea: 14 inch 90°
 doflection dot type biack malrix.
Standard porsistence phos pl\or

Acilve Display Are: .

2401 180mm

Resalution;

&4 Colour: 220 du\s(H) 2350 lines
16 Colour: 640 dots(H) x 200 lines

only S695

ON .

GA COLOUR MONITOR
Quality monlitors whhoutthe . -
exorborani price tagl .
Display Tube: 14 tnch 80°

-.detlection P22 Non-glare, 1i

800 dnls[H) x GDD Imes(V)
T‘;’:lny Calour: TTL input

Input: 8/16/64 tolours
Analog input; un!

. nnly 5495

. Q918850 ..

cost of only a local call, (Inqumes and local orders phone (03) 543 7877)

“NO BRAND”

'DISKS!

Now you can buy ahsolutn top quality
disks thal are also the cheapest in
Australia! They evan camo wilka *

* lifatime wmmntrlSuwh pay

2 hmos the p ica lnr tho same
quality?

Packs ol 10,D/5 D/D wnhau! bores,
orbrand name, |u.'.l lhewwmlopnpu(
jacket, and indox labels.

(51/4 disks mdudes whnle protects).

51/a™ 25/2D DISKS

. 10+DISKS 1004DISKS 1,000+ DISKS
$6-75*

§6:50*" $6.25°
{ALL PRICES PER 10DISKS)

54" HIGH DENSTTYDISKS
(DOUBLESIDED)  °

10+DISKS 100+DISKS 1,000+ DISKS

§23-95°* §22.95°° §21-95°°
(ALL PRICES PER 10 DISKS)

32" “NO BRAND" DISKS
DOUBLE SIDEVDOUBLE DENSTY
10+DISKS 100+DISKS 1,000+ DISKS

$23 - §22 $21
_{ALL PRICES PER 10 DISKS)

'METEX
'M-3650
MULTIMETER

20A, 34 digit frequency
counler multimeter with

.capachtance meter and

transistor tester,

This spoctacular, rugged and

compact DMM has a bright yellow

h;?n impact plastic case. it [patres
raquency counter (to 200kHz),

diode and transistor fest, continuity

(withbuzzoer), capacitanco meler, up .

10 20 amp cunont measuroment and

. comprahensive AC/DC voltage,
, Curront and resistance ranges.

CHECK THESE FEATURES....

. ® Push-button ONVOFF swilch,
- ® Audible continuity test

# Single lunction; 30 pasition casy o
- usg rotary switch for FUNCTION
and RANGE selection .

e Tyanzn..lm test
- . ® Diodo test

& Qui nlu[!{ probes
@ 12 High conirast LCD.

‘e Full nverlund pmwchon
m

o 2

. Bmll tn tilting bail

= Capacitante metor
@ Instiuction manuat

Normally 8165

-Slza Dese. 18 10+
LAA 450 mAH. 82.95 S$2.75 s2.50

Speclal only s129 .

. Ca1. T10020

NICADS!
Save a lartune on axponsiva
1hrow away baliesies with these
quallly Nicads and Rochargers|

100+

C 12AH
D 12AH

$9.95 $9.50 $0.95
| §9.95 59,50 Sa.95

UTILITY BOXES

Plastic hoxes with aluminium tops,
ang avaitable in (our sizps. Very
popular for projecls and vory
eccongmicalt

H10101 150:90:50mm S 3.25 .

H10102 195x112x60mm S 4,50
H10$03 1I0GBxA1mm S 2.75
HID105 B15028mm § 1.95
H10110 120x65:38mm § 2.95

H10112 120x65:38mm  § 2.95
{Motal top)

BRAND NEW FANS
Quality: new fans lor use in pawer
amps, computers, hzl,fnl coohng etc.
Anywhere yau need plont, air.
230v 350" Cat T12451Y§14.95

115V 458 Cat. 712463 $14.95

240V 3'2" Cat. T12465 $14.95

115V 32" Cat. T12467 §14.95

" 10+ fans {mized) anly S10 esch! -

“'OMNI-DIRECTIONAL =~
WIRELESS MICROPHONE

Tuneable: 92 - 104
Fraq. Aesponae: 50 |5hH

-SUPER DELUXE
BATTERY CHARGER
if‘harges Irom 110 10D, C, AA, AAA,
N.anduplo3x 9V banonns at lhe
same time.

® Dunl calour LEDin first throp
_tompaniments to de..ngnam 15V

orav.
L4 240V AC/SUH' -
® Approvat No. N10637

cal Mzaszs 559 95

lM1oosa‘ -

"ACA TO ACAISOLATION .
. - -210t40 Aed SO.15 S0.12 50.10

- 210141 Grn §0.20 S0.15 $0.12
7 210143 Yiw-§0.20 S0.15 50.12

TRANSFORMER

" @154 high quality naise suppms.»ar i

Isotatien transformer

® Dosignod (o eliminale nm.re intho

audio line

* - ® Doos nqt affoct the audio srgnal
- ® Simply s inline betwoen car .
* . slereo ond the soparale pnwcr L

51595

amplilior

NOW*OPEN IN

SYDNEY! §
74 PARRAMATTA RD, STANMORE
~ PHONE (02) 519 3134

P.A. SPEAKERS
Low dual cona, wide range.
200mem (Bin.) ideal lor pubiic
address, background musie,
etc. Tremontous Value at thesp

... Cat. C12l)00

. CANNON TYPE
CONNECTOHS
1-9 :

- P10960 2 PIN L|NE MALE.
$3

P10962 3 FlN CHASIS MALE
ssensaenees $2.50

.. P10963 3 PIN LINE FEMALE

: $3.90
P10966 3 PIN CHASIS FEMALE

- $4.95 woovorcerrrrnn. 53,95

Range: Ovor 300 leat in opan lmld : s

Modulation: FM
Pmnr Sourge: 9V Banery
Ypo Eloctret Condenser,
enalons: 185 x 27 x Jamm
Weight: 160 grams

Cal, A10450

FREE STANDING FOLD
UP MAGNIFIER

An ecconomical
magnifigr, lo1s you takp care of all
those tricky ling detalied jobs so

ly priced ™ hands ree”

- ofien encountered in electronics, ot
* .any of many others praciical uses

such as home, walk. hobbies elc.
" Normally $14.95
~SPECJAL. ONLY $12.95

(A15042 Blue ...
"A15043 - Orange... 542,95

RDTATING LIGHT

: Molnr diiven rotating reflecling
* mirror with a itash rate of about 150
- ‘per minute. Large lens lil right ta

base, making unit wemhcmroul

. Spme globe included

SPECIFICATIDNS:
® Available in 8lue or Orange
© 150 Revolutions per minute.

(appmummely)
®S ubbor

CODE KEY PAD
elephon type digital keypad.
Four digit, changoabla code.

ge of Rod Irvmg Electromcs drscount . prices elther throug
imply phone your orders through on (008) 33 5757 for the

“QUALITY 3mm LEDS -
Cat. No.Col. :1-9 10+ : 100,

10145 Ora §0.20 50.15 §0.12
" QUALITY Smim LEDS

.Cat.No.Col. 1-9 10+ .100:

- 210150 Red $0,08 SO0.07 50,06
.. 210151 G §0.15 50.12 S0.10
210152 viw S0.15 50,12 50,10

KEY SWITCHES 4
Car. 512500 . "Nam\ally s74 95

'54.95ea sa. 25ea $3, ssea

SYDHEY: 71P.ln.un.xﬂ.ﬂ1d S
- STANMORE. 2048

FPhooe: (U.‘) 4

: CLAnON 56 Flan,

Phone: (03) 543 7577
SOUTH AUSTRALIA

Ovor 5000 possibte

'awer consumption: SmA smnaby

« 50mA alarm.
® Two seclor LED and § arm LED
® Wrang number lockQut.
® 12V DC operation.
® Relay output.
anic bution.

nrmnlly opentamper walch )

-Cat. A12D14 R.P. L .
- SPECIAL, ONLY $69.95

Vl DEO/AUD[O
‘TRANSMITTER
A small compact unit that allaws
transmission of video and audio
signals (RF) to any TV set or VCR
within a range of 30 metres (100°),
simply by tuning in on Channel 11,
Can be used as a transmitios for a

video camera. With pawet on LED,

onfolf swilch, nudunandvldeoleads o
Transmission: VHF, chunn-l 1.
. {PAL]

“Videa Input: 75 nnms IV Pp

Audlo Input: 600 ohm.

Iegs
. |zv DC 750mA

- @ Baso diameter: 102mm . - -

Height: $40mm
. §42,95

" Power Sourcas: 9V baftary or

power ad.‘lplur
Accessories: B Iu RCA awso lead
INC video leadt

t H o8
- Slza; 70(W) x 55(0; x ZB|H)mm
‘Weight: 170 grams

30.: Mmphc

. Prane: (08) 2

HOTE PRICES MAY \./-H(I’! "
" STATE DUE 76 FEIGH!

" MAIL ORDER;
. Lotitl Orders: (03) £

Intesstate Orders: (

... Alllnquities: {03) &+
.. CORRESPONDENCE:
. PO.B LA

‘008 335757
| [TOLL FREE])
JSTRICTLY ORDERS ONLY)

* The above pn 1age: rate
‘basic peslage only. Road Fm

- buthy and iagile items will e
charged at d:flerem rates.

- Allwholesale and nlo: taxe
" Inquliles to:
-RITRONICS WHOLE‘ALE
' *5G Renver Ad, Clayton
. Ph {03) 543 2166 (3 lines)
. -Enors and unusmun'. c:c(.pm:l
- 'Prices a
Qutput Controt: Aud-o -videa finy .

*Denctes peqisteneal 1a

- 10SpICtVE Gwhes .




PN100/PN200 TRANSISTORS

-*Hod Irvnng Electronics has lntroduced fwo new general pur-'
- pose transislors which are ideal for a wide variety of “ordi-
~-nary". electronics applications, and for replacmg a multltude of v
‘common and uncommon devices.
. The PN100 is a "Process 19" NPN transistor, whlle the
| .PN200 s a “Process 63" PNP transistor. They are not com-
1 xplementary devices. A whole host of device numbers may be

S appllcable to a partlcular process numbe . Howeve the data
sheet lndlcates “principal device 1ypes" isting a small range o
" of difierent numbers. This may simply mean the ‘same- ~ |
" process device is housed In a different case style. However, -

different devices will be chosen for a partlcular set of param-
eters wrthln the range specif ed fo the process : o

B PN1 00 - , .

o The PN100 is a general purpose NPN tran5|stor for medium
power amplifier and switching applications requiring continu-

~ous collector currents-between 0. 1 A (100 tA) and 500 mA.

" The Process 19 data sheet is reproduced here giving detailed
charactenstlcs of devices produced using this process.

-+~ While the data sheet lists the “principal device types", fol-

- lowing is a list of other devices made under Process 19, for

" which the PN100 may be used as a direct replacement. Note

that, owing to the “spread” in device parameters, with substi-

* tution performance may vary from that expected in-some ap-

.- plications. . :

... The PN100 can be d|rectly subst[tuted where a 2N2222 is
called for, so often seen In circults of US orlgm )

oo

e s e it e e el
o . © s

EMTTER
L BASE
(0 06)

s AV
S N

.

Process19 NPN Medium Power B
}'v-voescnlpneu :

~ Process 19 is a non- overlay. double dlffused gold doped R
S|i|con epltax|al devuce Complement to Process 63 »

% APPLICATION S e
/_, .:—:27—:, _ This devlce was desrgned for use as a mednum power '. - I
‘;7“' LI - amplitier ‘and switch. requmng collector currents of . 1
ih172 Lo o mA to 500 mA _ LT
Ve o ':,PRINCIPAL DEVICE TYPES o
S v ' .
A TOS: :}:2N2219
- , TO48:  2N2222
-TO-92,EBC: MP83542
o PN2222

 TO23:

PN100 MAY REPLACE

2N696 2N2222 2N3643
ON697  2N2222A 2N3678
2N1420 2N2897 2N4140
2N1566 2N3115 2N4141
2N2218 2N3116 2N4969
2N2218A 2N3289 2N4970
2N2219 2N3300 2N5128
2N2219A 2N3301 2N5129
2N2221 2N3302 - 2N5135 TN2218
2N2221A 2N3641 2N5136 TN221SA .
o 2N3642 2N5137 . .

PN2221
2N2221A
PN2222
PN2222A
PN5135
PN5136
PN5137
TIS92
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' CHARACTERISTICS RELATIVE - - - o
- TOVALUESATIc<10mA . . "0 .-

" raameter |

..’-anditions SR i

©lon
lorr

&8

v "::Cnb . .
" Ciy

" NFspoty | v
e Rg= 1k, =1 KHz

N lc:]ODﬂA, VCE=10V

Cle=1mA, Vg =10V
ie=10mA, Vge = 10V
1g =150 MA, Veg = 10V
1g=500 MA, Vgg = 10V

' : 'hvlq . .

Veesan

Veesan
. VBgisan)
- Vagsat)
BVceo
BVceo
BVero
lcso

| 1c=150mA, g =15mA | ¢
Ic =150 MA, Iz, =15 mA 2

| lg=500 mA, Ig=50 mA
“1g=100 mA, Ig= 10 mA
1c=500mA, lg=50mA

le=100 xA

lc=20 A, Vce= 20V,
=100 MHz

VCB— 10v. 1‘— 1 MHz
VEB = O.SV,»! =1MHz
|C= 100 pA, Ve =10V,

lc=100 mA, lg=10 mA

|C= 10 mA

lg=10pA
VCB =40V

30
a0
50
80
a0

35
60

20

180

.3 |
285 ¢

6.0

.25 .

420

050
1.0

1.2

.15

100

100

Lons

LR
PR

ad |

Tra=2sc|

)

“Veg =4V

SMALL SIGNAL CHARACTERISTICS {f=1.0 kH2)

Characteristic

CTye

- Units

Coanditions

Input Resistance

" Output Conductance
Small Signal Current Gain
Voltage Feedback Ratio

- 700
120
240
460

i}
pmhos

%106

tc'=10 MA. Vgg = 10V
lc =10 MA, Vgg = 10V
IC =10 mA, ch =10V

lc=10 mA Veg =10V .

. Switching Times vs - . ';

.. 400

- 320
E
SO
=
-

2490

160

... Collector Current

C

Moy = tu2 = 35

" vee = 28V

AN

U \\

ta~
1\

Sm

-~ COLLECTOR CURHENT lmA) :

umu ’

o

- Turn On and Turn Off Times

.. vs Collector Current

"

T

ey

“oz g

B hV:cc=25V:.

-

S s o

NG

100

1000

- c - CULLECTOR L‘UHHENT |mA)

- T
Wep = 10V

) | Ve = 1OV

IC=JI]mA

./

i /

- TOVALUE AT T, = 25°C

Ic = COLLECTGR CURRENT (mA}

T - AMBIENT TEMPERATURE (-C)

- CHARACTERISTICS RELATIVE

120

v

N L

ot lg = 10mA R

A Ta-2T .
e

LI5
110

1.0%,

 TOVALUE AT Vg,

Vey - BDLLEtTDH VOLTAGE (V) .
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leno - EMITTER CUTOFF CURRENT (nA)

~ CAPACITANCE {pF) - R

UNF

" ngg - DCPULSED CURRENT GAIN -

20
SR % v
; frjsvmse mas vmmaz:w R

- NOISE FIGURE (dB) ...~ .- .

200
100
50

20
10
5.0
20
10
0.5

0.2
0.1

Vee = 10V
- I
-a00
it
00 =
- I
200 ! mn
) ot
w P || Il N
aHi
o LLLL Uil v
R 1. e 000 Mk

" I~ COLLECTOR CURRENT (mA) .

Emitter Cutoff Current vs
Ambient Temperature

y Vea =30V

5 50 % 100 128

TA - AMBIENT TEMPERATIJHE ('C)

150

Emitter Transrtron and
* Output Capacitance vs

" Reverse Bias Voltage

18

14

10

. 6.0

24
"
: _lfzi

) }‘D.‘

1 F=1MHz
Cielc=0
N
N
N,
~\.‘coh 1]
~
e
P~
1.0 10 00

Nmse Frgure vs Frequency

Hﬂ i

P

/ N
”H,vl

"R = 10RT]]
]

Ic = 300 uA
vcgi: 10V
|

Rg = 1.0kS2

]

‘/\f) e

T ot

<R = 10002

1

A

[
A

N

Z\

/!

Z.am

-

i A

R . Hl

. ;7.‘1[)""

. Saoe
| - raenumcv (kHz)

*.1000

‘Vcérslnrr .-.Cﬂl.ll.;F.Cvaz' R -

~ SATURATIDN VOLTAGE (VI

E
£
=
e
-
<
-9
]
<]
a
«
w
=
=]
a
=
=2
£
x
<
&
[
;
<
H
o
a

- Vpgion) — BASE-EMITTER ON VOLTAGE IV}

" Ve o COLLECTOR VOLTAGE (v} - -

Base Emrner ON Vohage vs .
I'Colleclor Current

6
04
0.2

10

l].l

T

Vg = 10V

—
>
\

Ta=

a0
e~ CULLECTOR CUH HENT ImA)

o Maxrmum Power

800
700
60D
500
4I]r1
3ao

200 :

100

: vzvq

10

10
05
02
0

10 20

5.0

20

- Dissipation vs
‘Ambient Temperature

05
N
T0-18'

T :-92“\\ .

N

-]

N

N4
N

/// ,//

N
N

\
N

- 50 100 150 200

" Ta - AMBIENT TEMPERATURE( C)

" Contours of Constant Gain

Bandwrdth Product (fT)
I1 \ s
v

N

Hz

...
5D MHz
200 MHz:

| dmp——

L—=T""" 250 MHz

100 MHz

§:\~f

=~ 00 M

f’_

50 10 20 50 rnn 200
‘Ic - COLLECTOR CURRENT thJ
Collector Salurahon

Voltage VS Collector Current

VRO E0 e

R

: -’Coilector Re r
‘:vs Amblent Temperature

“E 100
-

2
10

20
20
0.5

0.2

 legs — COLLECTOR REVERSE CURREN

—_ = NN N W
a =) ~ o 2 & (-] n
o 2 8 B 6 a o o
B B &2 60 8B © @O ©O

PD(MAX) - MAXIMUM POWER DISSIPATION mi)
-]

n

1

5.0

© NF - NOISE FIGURE (48) S

3.0

q.l

50

ng 5UV
’, —
- w,
YV
Vv
V.
"/,
[
2% S 10 125 150

. Tg-CAsE T_EMPEHATUHE e

70

- Collector Current

o sm0
: lc ~ COLLECTOR CURRENT mA) . -

Vapisar)—BASES -

> -
=
w
o
<
-
-
(=4
>
& .
2
-
<
o~
=]
=
<
3

o

|-s5°C
25|
- |rea’e
=T

. Ta - AMBIENT TEMPEM\TURE re)

Maxrmum Power
Dlssnpatlon vs il
Case Temperature

<t ]
N

L -

\Jos
AN N

N
<

50 100 150 200

Norse Frgure vs Collector o -
Current -

Vee = 1OV - [
=10mc

‘n,z, 05 10 20 5D
- COLLECTOR CURRENT (mA]

”Base Saluratron Vollage vs,

LER LIS

lc=101g -

; r,; - cnuscma cuanem mAr




PN200 : :
The PN200 is a general purpose PNP transistor for medium 2N2905A 2N4143 BFX30 PN4141
power amplifier and switching applications requiring continu- 2N2906 2N4290 BFX87 PN4142
ous collector currents to 500 mA. The Process 63 data sheet 2N2906A 2N4291 BFXB8 PN5142

is reproduced here giving detailed characteristics of devices 2N2907 2N4402 MPS3638 - PN5143
produced using this process. ‘ 2N2907A 2N4403 MPS3638A TISS1

" The data sheet lists the “principal device types", but follow- 2N3072 2N4970 MPS3E44  TISS3
ing is a list of other Process 63 devices for which the PN200 2N3073 2N4971 MPS3645 TN2904A
may be used as a direct replacement. Note that, owing to the 2N3120 2N5142 MPS3702 TN2905
“spread" in device parameters, with substitution performance 2N3121 2N5143 MPS3703 TN2S05A

may vary from that expected in some applications. 2N3133 2N5221 MPSE533
. The PN200 can be directly substituted where a 2N2805, 2N3134 2N5226 MPSE534

2N2907 or 2N4403 is seen, so often specified in circuits of US 2N3135 2N5354 MPS6535

origin. ' 2N3136 2N5355 PN2906

2N3638 2N5365 PN2S06A
2N3638A 2N5366 PN2S07

* These have suffixes of A,B,C etc, all of which are included.

PN200 MAY REPLACE:

2N718A 2N3644 2N5447 PN2907A
2N1132 2N3645 BC212° PN3638
2N2904 2N3702 BC213* PN3638A . , ‘
2N2904A 2N3703 BC214° PN3644 . Data derived from the "Transistor Databook", published by
2N2905 2N4142 BFX29 PN3645 National Semiconductar. :

Process 63 PNP Medium Power s ——

son DESCRIPTION

’ L :

| [T Process 63" is a non-overlay, double-diffused, silicon
T epitaxial device. Complement to Process 19.

APPLICATION

: This device was designed for use as general purpose
41 ? amplifiers and switches requiring collector currents to

L, .-f.’f??-i. 500 mA.
2 _

0.018
1oy { o

PRINCIPAL DEVICE TYPES

TO-5: 2N2905
TO-18: 2N2907
TO-92, EBC: 2N4403
TO-62, ECB: 2N3702
TO-237:  TN2905
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lc —COLLECTOR CURRENT {(mA)

Vee - COLLECTOR VOLTAGE (V)

Parameter Conditions ~ Min Typ Max Units Notes
1o “Ic =150 mA, Ig; = 15 mA " 30 45 ns Figure 1
torr lc=150 mA, Igz =15 mA - 220 290 ns Figure 2
Cca Vep=10V R 6 (] pF -
CEB VEB= 0.50v . 20 pF
hle |c =20 mA, VCE =20V, 1.5 2.5
f=100 MHz .
NF (spot) 1¢ =100 pA, Vgg =10V, Rg= 1k 1.5 dB
f=1kHz )
hFE lC =1mA, Vce: 10V 50
hee le=10 mA, Vgg =10V 50
beg Ic =150 mA, Vcg = 10V 50 150 400
hee lc =500 mA, Vg =10V a0
Vegsan Ig=150 mA, Ig= 15 mA 0.5 v
’ VCE(SAT) fc= 500 mA, |E=50 mA 1.2 Vv
YVBEISAT) lc= 150 mA, |E= 15 mA 13 v
VBE(SAT) |C= 500 mA, le= 50 mA 1.6 v
BV¢eo Ic=10 mA 35 v
BVepo le=10 A 6 v
Icao Veg =35V 100 nA
leso Vg =4V 100 nA
SMALL SIGNAL CHARACTERISTICS (I =1.0 kHz)
Symboel Characteristic Min’ Typ Max Units Conditions
hg Input Resistance 480 2000 u “lo=10MA, Vg = — 10V
hpe Output Conductance 80 1200 umhos lc=10mA, Veeg= - 10V
hye Vollage Feedback Ratio 162 1500 x10 -6 lc=10mA, Veg= -~ 10V
hyp Small Signal Current Gain 100 ) ) lc=10mA, Veg= - 10V
TYPICAL COMMON EMITTER CHARACTERISTICS (f =1.0 kHz2)
5.0 . 13 - el - SN rypesren ™
hy hae . e . e ==10m "
w (\ = \ P w o M v b
s« g AR ER K - s - o 13 e NN
=5 < 7" 2 hoandho, | el S <% N
% N by = hor S I b N N
8y 10 hy, — - &, M 8~ a SBRA h r/ R
B E ) //” [T E :u — BT 10— o=
Ew o5 =T - 22 4 —1 E3 e Fy
-3 | e E g s . ra
[~] ]
< g 52 < > 08 |-p 1
-3 < h c o io
£R Pon > 9 [ S5
EF b Veg = -10V] S V 1T Ic=-10mA b ’
Ta * 265°C ° 7h, Ta = 25°C 08 v,
01 —] 08— , 05
-0 -20 50 -10 -0 -50 40 - -8.0 -12 -16 -20 -40 -20 D 20 40 6D 8D 100

Ta ~ AMBIENT TEMPERATURE (°C)
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Voesar, - BASE-EMITTER

SATURATION VOLTAGE (V)

hgg - FORWARD CURRENT GAIN RATIO

Voeton) — BASE-EMITTER ON VOLTAGE (V)

TIME (ns)

DC Pulsed Current Gain vs

Collector Current
0
x V[:E=1UV
Lt N
160 = \\
120
80 \
a0
(]
0.1 R TN T N 11 1000

0.6

0.4

0.2

-1

250

200

150

100

S0

Ig - COLLECTOR CUARENT {mA)

Base-Emitter ON Voltage vs
Collector Current

Ta = 25C
i
Lget 1T fomemt"] Tas 100°C
/‘L—‘
—
Vee = 10V
01 1.0 1 100

Ic = COLLECTOR CURRENT (mA)

Pulsed Base Saturation
Voltage vs Collector Current

TTIr

e =101g

i 4// //
il

: |
-10 guT)
Ic - COLLECTOR CURRENT (mA;
Switching Times vs
Collector Current

™

-500

lay =

g -

10 1an 1000

I — COLLECTOR CURRENT (mA)

Pmax) - MAXIMUM POWER DISSIPATION (mW)

lees ~ COLLECTOR REVERSE CURRENT (pA)

C - CAPACITANCE [pF)

TIME (ns)

Maxlmum Power
* Dissipation vs
Case Temperature
3200

1200

=
=]
=

n
~N

E
=
=]

Q an 100 150 200
" Tg -~ CASE TEMPEAATURE (C)
Collector Reverse Current

vs Reverse Bias Voltage

a
o

Ta = 25°%
]
50 —

L~

20 .

Hl/

5.0

2.0

.o

0 -0 -20 -30 -a0 -50 -6

Vet - COLLECTOR TO EMITTER VOLTAGE (V)
Input and Output
Capacitances vs Reverse
Bias Voltage

20 .
NEIn

T

INPUT CAPACITANCE

-hu

=0 N

N
=0 ™

8.0
N

N

[ Coro - OUTPUT CAPACITANCE ) q

CUTU i T

R 1% B ) 1 -1D

' REVERSE BIAS VOLTAGE (V)

.Turn On and Turn Off Times
vs Collector Current

a.0

=50

T
fys * n;nnq_._“ B

Vee * 15V
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Letters

' AEM FM antenna

_‘: Dear Sir,
- - 1was impressed with the very practical

“design, construction techniques and the
‘perfarmance of such a compacl unil as

" ‘the AEM FM antenna. 1 have a very

.serious multipath distorlion . problem
. .where | live, as observed an the TV, and
- expecl similar effects on the VHF FM sig-
~- nal (I'm 15 km from the Dandenong trans-

- mitters so signal strength is good).
I would like lo use my “cheap” Sher-
. wood Tuner and send a really nice signal
" inlo it lo gel a good sound out as | under-
.sland reasonable tuners can produce lop
sound if you give them an excellen! signal

. 1o decaode.

1 have an interest in VHF anlennas (an
. obsession really from my TV receplion
. problems) and enjoyed the anlenna prac
. sessions in my Electronic Engineering
- Course at Melbourne Universily a genera-

" :lion ago. | really don't believe your anten-

- na would complelely solve my problem
- and 1 would be interesled in your reaclion
:ta my proposal.

1. Your log-periodic {hybrid Yagi reflec-
" or) design produces a good front lobe
~and F:B ralio, or direclivily, bul does not
" : quile meel my needs.

- 2. | need a front lobe more like a cigar

: shape and am quite happy lo increase the

“boom length but nol impressed with the

' - idea of horizonlal stacking lo oplimise the
~ - directivity as it would be fairly difficult to

“erect, not to mention tuning the signal.

 In trying lo dissecl your design | used
- the rules in Carrel, ARRL, elc and was nol
- surprised lo find that your design had a

- 0.05 and the frequency of 90 MHz chosen

. sets the first active element at 1666 mm.
I tried using the various formulae and
‘ taking end effecl elc, inlo accounl and us-

"~ ing 88 MHz came up with L1 = 1653 mm.

.1 was surprised how close it agreed with

- your design. I guess we are nol dealing in
" - a truly theoretical situation as so many
*  parameters are varied in construction

. such as boom material, element h/a, con-

- necling arrangemenls belween aclive el-
- - ements, and so on.

‘I tried lo oplimise o and T to achieve
. the best directivity and finished up with a
- boom length 3.5 times your boom length.

. Not very praclical really. .

A boom aboul tlwo metres (plus a bit,
" possibly) is realistic and 1 would like lo
" see if you have a design that you could
whip up “quickly”.

I know aboul tree problems, SWR,
malching elc, so have reasonable under-

standing of the problem; especially the

multipath problem as a Hills EFC-2

mounted well above my roof still produc-

es some imaging (not your normal ghost-
ing) before and after the main image.
Whatever your reaction, 1 would be
open lo any suggestions other than shift-
ing home as Lthe bush around me is too en-
joyable to leave. Keep up the good wark
in vour magazine as [ have only missed
one copy (someone borrowed it off my
desk and didn't leave an IOU!).
Michael Tayler,
‘Ringwood Nth, Vic.

A more directive anlenna may no! solve
your problem, sorry lo say, as it rather
seems, from the description of your TV
problems and my knowledge of vour area
(having lived in Melbourne), that you have
multipath signals from a narrow forward
angle. It would be impractical to construct
an antenna with a sufficiently narrow for-
ward lobe to raise the ratio of direct-to-
reflected signal.

All is not lost, however. Your multipath
problems most likely arise from ground re-
flection from a point {or points) between
vou and the transmitter. There ore two
techniques you can use to attack the prob-
lem. ’

By all means, build an antenna for your
FM tuner. Erecl il so that you can readily
vary the height of the anlenna a few me-
tres. You should then be able to position it
so as lo reduce the effect of the reflected
signal. Also, tilting the antenna upwards,
so as to place the reflected signal more in
the underside “‘null" of the antenna can
help. Both these aclions can improve the
direct-to-reflected signal ratio, reducing
the multipath effect.

Modem comms soffware

Dear Sir,

1 have
AEMA4605 Super Simple Modem from Lhe
Seplember 1986 issue of vour magazine
and was wondering if you could suggest a
soltware package for its use with an IBM
that will support the V23 (1200/75) op-
lion. As yet 1 have been unable to find a
suitable program.

Trevor Harrison,
Lalor Park, Vic.

There are a number of communications
programs for PC/MS-DOS lo suil your ap-
plication. You might investigate “Mirrar
1", which Roy Hill reviewed in the July ‘a7
issue (Some Reflections an Mirror).
There are also a number of public domain

‘programs around that could suil your pur-
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recently constructed your -

pose (and your purse!). Check out Roy
Hill's survey in our Dial Up column from
October to December ‘87.

Supermodem and V23 -

Dear Sir,

I have recently purchased a Maeslro
24900 ZXR complete, having decided
against the kit with only $50 more for a
buill-up (and Telecom approved). 1 am
quite happy with the performance of the
unit except for a problem 1 have in the
V23 mode when accessing Westpac's
Videotex service. Before 1 elaborale fur-
ther, 1 should note that I can access Vialel
wilhout any problems and the comms
software | am using is Mirror II. [ have
also tried the public domain program ltel
with the same resulls and had no problem
with the PC in-modem and program [rom
Netcomm previously owned.

Through the software, the number is
dialled, both ends appear {0 handshake
OK and the connecl is issued to the pro-
gram, bul no <com> appears on the
screen as il does with Viatel. The Westpac
introduclory screen comes up and the
cursar sits an the ID, wailing for an inpul.
This is where it stays no maller what key
is pushed. The Host Transmitter LED
flashes each lime a key is pushed, bul
there is no response from Westpac. Of
course, 1 am eventually cut off with a
time-out. :

I telephoned Weslpac's difficulties, but
all they could tell me was that their ser-
vice was different from Vialel's and I
should be using a Preslel emulation, even
parity, 7 data bils and 1 stop bil. As this is
exactly the same as Vialel, there hardly
seems lo be a greal difference. | can't say
that they were a greal help. Is there a pos-
sibility that the ZXR is not close enough
within the 75 baud rate boundaries and
the Weslpac service is more parlicular
than Vialel? ' o

1 also had another problem with the
6010 preamp. | know this is going back a
couple of years, but | wonder if I had the
correct solulions to the problem at the
time? ! built the unit from pieces rather
than a kit so [ could get the best quality
components | could obtain. However, on
completion there was a lot of crosstalk
from one input line pair to the other.

The only way lo stop this was 1o
change the earthing so Lhe inpul grounds
{excepl the phono} were earthed at the 0
volt point on the main board rather than
through the shields of the unbraided link
wires. 1 could have lurned the sources off
each time, 1 suppose (mainly tuner), but it



was a nuisance and this arrangement
does not appear 1o have allered the per-
formance.

Also, with the resistor arrangement al
the CD input [ could nol get a reasonable
volume even though | have an early Sony
which has a relatively high output. 1 just
reduced the value lo where il balanced
fairly well with the tuner and video in-
puls, bul it was a hell of a lot less than
100k. Apart from thal, the performance is
superb. The phono slage really excels and
shows up the problems with compact
discs and their players.

[ have a quad-amp syslem using some
of your projects and it works well. Of
course there is always room for improve-
ment add-ons and updales.

I have bough! every magazine since
you slarted in ‘85 and, while being inter-
ested mainly in audio and compulers, |
think you cover a broad range quite well.
It is hard to keep everybody interested all
the time, but informative arlicles help; es-
pecially the way new ideas, components,
and equipment keep arrlvmg Keep up the
good worL

Pel‘er Crawford,
Chadstone, Vic.

The trouble you have with the 2400 ZXR
modem has not been reported by other
users to our knowledge, but thal doesn't
mean lo say there may nol be a problem
with your modem. However, as vou are
able to “hook up" with the Weslpac ser-
vice, this would seem to preclude prob-
lems with the hardware. throwing suspi-
cion on the software. There may be some
problem arising belween your comms sofl-
ware and the ZXR software. | sugges! you
contact the designers al Maestro Distribu-
tors, Calool St, South Kincumber 2256
NSW.

It'’s good to know you sorted out your
6000 series problems and that you derive
such pleasure from the system — that, af-
terall, is what it’s all about! And thanks for
the accolades.

Roger Harrisaon

The 555 as a CRO
timebase

Dear Sir,

I bought a copy of Seplember's AEM
and am very interested in your article on
the 555 IC. | seek your comments on the
suitability of the 555 as a sawlooth gener-
alor.

You see, if the madilicalion is simple, |
wish to change the {imebase on my Dick
Smith “cheapie” oscilloscope from repeli-
live lo the triggered tvpe and a linearised
capacilor charging ol pin 6-7 of the 555 in
its monostable mode seems to be suilable.

Secondly, 1 wish lo endorse the com-
ments of your correspondent Fabio
Barone in.advocaling a praclical trealise
on transformers and inductors. When |

wish 1o ‘swal’ up on this subject ] have to

get hold of my copies of Radiotron De-
signers Handbook, or Babani Coil Design
and Construction, and these must be 30
years old — well before lransistors were a
force as they anly relate lo valves.

B.C. Porler,
Port Macquarie, NSW

If vou bite a 355 hard enough you'll get a
sore looth! Puns aside, it should cerlainly
be passible to replace your CRO timebase
with a “linearised" 555 incorporating a
trigger facility. The accompanying circuit
and data, from the National LM535 data
sheel, should be a good starting paint. The
2N4250 (or PN4250) is a ‘“process 62"
small-signal PNP transistor; a suitable
substitute would be the 2N3550. Either is
available from Rod Irving Electronics.

Hash Harrier frip up

Dear Sir,

I recently built the AEM5505 “Hash
Harrier” mains filter, and found it is
impossible to use in my house, as all the
oullets are protected by an Earth Leak-
age Circuit Breaker. At switch-on, the
ELCB is tripped.

I have found nothing wrong in the
conslruction of the project, as it is work-
ing with a non-protected supply.

Could you please tell me what modifi-
cations should be made to the project to
make it operational — and still effective —
on carth leakage prolected power
supplies, as I believe | am nol the only
one with this kind of protection.

The Varistors, and/or R2 in the circuit,
could be the problem. Looking forward
Lo a solulion,

A.Ripoll,

Richlands, Qld.

The ‘problem’ you experience with your
Hash Harrier is not caused by the Varis-
tors and/or R2, but by the combined
capacilive reactance of capacilors C2-
C4-C7 and C11-C13-C16. These are all
connected belween the active and
earth.

Al 50 Hz, they are effectively all in
parallel, their tolal copacitance being
some 495 nF (i.e: about 0.5 uF). This has
a reaclance of aboul 6400 Ohms and
thus 37 mA (240 V/6400 Ohms) will
flow from the active, through the

capacitors, and the mains earth wire. -

Your Earth Leakage Circuit Breaker will
have a “lrip current” setl al something
under 30 mA, lypically 20-25 mA.
(ELCBs detect “faull™ currents flowing
in the mains earth line, these fault cur-
rents arising from a presumed resislive
path belween active and earth.)
What you need to do is reduce the value of
capacitors (C11-C13-C16 each lo 68n,
which will reduce the earth line current to
around 18-19 mA. You should also drop
C12-C14-C17 o 68n each also, to balance
the values.

If there is same reduction in the effec-

liveness of the filler, then wind another tio
layers of wire on each of L3A, L3B., L4A

_and L48B (the ferrite rods). Really, only one

more layer is needed, bul the third layer
brings the start and finish oul at opposite
ends of the coils, ma}.mg them easy la ﬁl
on the pc board

Roger Harrison

inductor info

Dear Sir,

Regarding lhe Septemher ‘88 issue,
Page 15, Losses In High Frequency Induc-
tors, Fabio Barone asks aboul a series on
inductors. | would like you lo do this too!
I have spent a lot of time trying lo find
goaod, praclical information on induclors.

The best book I've found so far is from
Doug DeMaw, called Ferromagnelic Core
Design and Application Handbook. Al $70
it is nol so cheap. | found il in Norlh
Sydney Technical College.

‘Peter Baxter,
Gordon, NSW

Thanks for the request, and for the lip for
other readers. That's one of the funclions
of these pages — sharing your knowledge -
and experiences with others. Thal book is
published by Prentice Hall and the pub-
lishers would be able lo indicate outlets
where readers may buy it. Il's quite a good
book, with fairly wide coverage, but does
not go deeply into any one subjecl.

Speech synthesiser

Dear Sir,

A few years ago you published a pro-
ject that performed a texi-lo-speech con-
version. As I recall, it was designed as an
IBM-PC add-in board. although thal may
be wrong. The project was based around
two ICs sourced from Tandy Electronics
— the SPO236A-AL2 and CTS256-AL2
Speech Synthesiser ICs.

From what I remember, the project had
provision far an *'exceplion EPROM", but
the original article did not have details on
how to program one. Perhaps the infor-
malion for this was published in a later
article which | did nol read. or an erratum,
but a copy of any such information will
obviously be very beneficial. Could you
tell me where [ can oblam further mfor-
mation?

o Frank Van Hoolft,
Lathlain, WA

The project your refer to is the AEM4505
Code-to-Speech Synthesiser which was
based on the chip set made by General In-
struments. While the project provided for
inclusion of the “‘exception EPROM", we
did not publish details on programming it
as il required knowledge of a relatively
obscure programming language. However,
if you can get hold of the General Instru-
ments Application Note AN-0505, you'll
find delails there. General Instruments is
now represented by RIFA in Melbourne. &
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AEM Project 6511

The “little block”, one-chip
?30 watt audlo power amp

module
- Graham chker

This would have to be the simplest audio

_ power amp project above a few waits ever

~described! Based on the National
‘Semiconductors’' LM1875 IC, it requires just

- eight components and a tiny pc board,

‘and delivers hi-fi perfformance.

IT PAYS TO BROWSE the semiconductor manufacturer's data

~ books and application notes from time to lime. It's amazing

* ‘what you can turn up. The IC used in this project has been

~ - around for several years, but its praises have been unsung.

The National Semiconductor LM1875 is a monolithic power
amplifier IC in a TO-220 case with five pins. It's tiny! The TO-
. 220 case measures just 10 mm wide by 15 mm tall, plus the legs.

-~ And it will deliver over 30 watts when powered from +30V

supply rails! What's more, ‘it features internal output current
limiting and thermal overload protection. A data sheel for the

... LM1875 is reproduced elsewhere in this issue.

The whole amplifier consists of only eight components, in-
- cluding the IC. It is assembled on a pc'board measuring just 32
X 42 mm. It may be used with power supply rails ranging {rom

10 1o 30 volts and delivers hi-fi performance wit