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Introducing 
the new 

automotive 
troubleshooting 
champion , 

The Fluke 77 multimeter. A technical 
knockout that makes auto-electric trouble-
shooting fast, easy, and profitable. 

It combines analog and digital displays for 
an unbeatable two punch combination. Then 
follows with a winning set of features that 
make the other meters non-contenders. 

Its unique Touch-Hold** function senses 
and holds readings, then alerts you with an 
audible beep. You're free to concentrate on 
your hands and test points without having to 
watch the display. 

The Fluke 77 automatically selects the cor-
rect range for fast, accurate measurements. 
And if the meter is hooked up backwards, a 
"minus" sign shows next to the reading. The 
meter will not be damaged. 

Its 10-megohm input impedance is a re-
quirement for testing computerized engine 
controls. Plus, its moving bar graph makes it 
easy to check complex computer error codes. 

The Fluke 77 is tough enough to survive 
everyday shop hazards. American made, 
to boot. And priced, quite simply, to be a 
knockout. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 
o 

FLUKE 77 
Analog/digital display  

Volts. ohms. 10A. mA 
diode test  
Audible continuity  

Touch Hold" function  

Autorange/range hold  

03% basic dc accurac-y 

2000+ hour battery life 

3-year warranty  

MultipurpoSe holster  

** Patent pending 

Talk to your local distributor about Fluke 

• A.C.T. Actfec Pty Ltd (062) 806576 • George Brown 80 4355 • N.S. W. Ames Agency 699 4524 • George Brown 
(02) 519 5855 Newcastle 69 6399 • Bryan Catt Industries 5262222 • Collier Tools 763 1888 • D G E Systems 
(049) 69 1625 • Davred Electronics 267 1385 • W F Dixon (049) 61 5628 • Macelec (042) 29 1455 Ebson 707 2111 
• Selectro Parts 708 3244 • Geoff Woods 810 6845 • N. TERRITORY Thew & McCann (089) 84 4999 
• OUEENSLAND L E Boughen 369 1277 • Colourview Wholesâle 275 3188 • Fred Hoe & Sons 277 4311 • Nortek 
(077) 798600 • St Lucia Electronics 52 7466 • Selectro Parts (Old) 394 2422 • S. AUSTRALIA Protrorucs 212 3111 
• Trio Electnx 212 6235 • Redarc Electronics 278 7488 • A W M Wholesale • TASMANIA George Harvey 
(003) 31 6533, (002) 34 2233 • VICTORIA A W M Electrical Wholesale • Radio Parts 329 7888 • G B Telespares 
328 3371 • Browntronics 419 3986 • R KB Agency 82 7704 • A J Ferguson 347 6688 • SIRS Sales (052) 78 1251 
• Mektronics 690 4593 • W. AUSTRALIA Atkins Carlisle 321 0101 • Dobbie Instruments 276 8888 • Cairns 
I nstrJrnent Services 325 3144 • Willis Trading 470 1118 



David Tilbrook 8 Sc 
PROJECT ENGINEER 

THERE HAS BEEN CONSIDERABLE DISCUSSION within the hi-fi world over the past year about 
the 'sound' of compact disc versus the vinyl disc, with particular emphasis on the 'shortcomings' 
of the compact disc. There are those that will not admit that CDs have any shortcomings, just as 
there are those who claim that vinyl has more 'life'. It would be nice if matters were so clear cut 
When boiled down, the criticisms levelled at compact disc (digitally recorded, mastered, mixed 

then pressed) focus on two principal points — 'shyness' in the bass, and mid-range 'harshness' when 
compared to the vinyl pressing of the same performance. There are now plenty of examples availa-
ble where one can A-B a CD and a vinyl disc of the same performance, both pressed from the same 
master (presumably!, if the labels are right). The question has been raised as to whether there's 
some fundamental deficiency in the digital compact disc recording/manufacturing/reproducing chain 
or that some 'enhancement' is being added to the vinyl pressings in order to prolong the sales 
life of vinyl. 

Frankly, we think that can be dismissed with most 'conspiracy' theories. But, from our experience, 
there's some substance in the claims. An excellent example we have come across is the Dire Straits 
Brothers In Arms album, available on both vinyl and compact disc. The CD is quite clearly the in-
ferior sound-wise, except for the expected vinyl disc surface noise. Is it the CD digital-to-analogue 
reproduction electronics system? In trying a number of CD players, this was clearly ruled out — 
bass shyness and mid-range harshness always showed through. 
Examples favourable to the compact disc also exist, but seemingly few and far between. The Suther-

land/Pavarotti operatic highlights album exemplifies this. There's a telling example here. Record-
ed in Kings Hall, London, on the CD you can hear the rumblings of the London tube trains that 
run beneath the hall. but not on the vinyl disc. (Sounds remarkably like turntable rumble — not 
possible on a CD!). In the other aspects, this CD is superior to the vinyl disc. 
Do many engineers who mix the vinyl pressings take more care than those who do the CDs? Are 

CDs produced with the 'mass market' — CD portables, "ghetto blasters", car players, etc — 
predominantly in mind, ignoring the hi-fi listener? 
Clearly, the capabilities of the digital medium can deliver truly exciting results, but it seems the 

software publishers may, in large measure, have adopted Nellie Melba's ill-famed attitude of "... 
give 'em muck". Are we expected to believe the virtues of CD as extolled, or as we hear it? 

Roger Harrison 
Editor 

COPYRIGHT: The contents of The Australian Electronics Monthly is fully protected by the Commonwealth Copyright Act ( 1968). Copyright 
extends to all written material, drawings, circuit diagrams, printed circuit boards, computer software and photographs. Although any 

form of reproduction is a breach of copyright, and we especially point out this extends to the construction of projects produced by 
our laboratory or our associates. we are not concerned about individuals constructing projects for their own private use, nor by bands 
for example, constructing one or more units for use in performances. Commercial organisations should note that no project or part 
project, including printed circuit boards produced by our laboratory or our associates and described in this magazine may be offered 
for sale, or sold, in fully or substantially assembled form, unless a licence has been specifically obtained lodoso from the publishers. 
Kedhorn Holdings Pty Ltd, or from the copyright holders. We will take strenuous legal action against any person or firm found infring-
ing our copyright as aforesaid. 

LIABILITY: Whilst all efforts have been made to ensure that all constructional projects and circuits referred to in this issue will oper-
ate as indicated efficiently and correctly and that all necessary components to assemble the same will be available, no responsibility 
whatsoever is accepted in respect of the failure for any reason at all of the project or circuit to operate effectively or at all whether 
due to any fault in design or otherwise and no responsibility is accepted for the failure to obtain any components in respect of such 
project or circuit. In addition, no responsibility is accepted in respect of any injury or damage caused by any fault in the design of 
any such project or circuit aforesaid. The publisher accepts no responsibility for unsolicited manuscripts, illustrations, computer soft-
ware or photographic material although all care will be exercised. Comments and test results on equipment reviewed refer to the 
particular item submitted for review and may not necessarily pertain to other units of the same make or model number, 
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COVER 

The Mains Filter project is this 
month's cover feature, showing 
part of the pc board overlay. 
Design by Angelica Koop; 
production, Marni Raprager. 

PROJECTS 
TO BUILD 

AEM5505 ' Hash Harrier' 
Mains Filter 

26 

Does your computer 
suffer 'random reset', 
your radio radiate rude 
`raspberrys', your hi-fi 
catch you with clicks and 
crackles? Mains-
conducted "hash" is 
mostly the culprit and this 
project provides an 
effective cure in the 
majority of cases. 

AEM2600 Peak RF 
Power Meter/Monitor 

48 
Don't tie up that 
expensive SWR/power 
meter. This handy, low-
cost project can be used 
as an in-line power 
monitor or general RF 
power meter around the 
shack. Featuring a 
10-LED bargraph display, 
it can be used to monitor 
powers from QRP to 
ORO. 

AEM4610 Super 
modem — Part 1 

68 
Looking for a smart 
modem at an affordable 
price? This project is fully 
software-driven, can be 
used with any computer 
having a serial (RS232) 
port and communications 
software, features auto-
dial auto-answer and 
auto-hangup. It has CCITT 
V.21N.23 plus Bell 
capability and 
incorporates an expansion 
bus for useful add-ons. 

STAR PROJECT 
A 9-element Yagi for 
the Two Metre Band 
  94 
Following up their 70 cm 
UHF Yagi, Dick Smith 
Electronics present a Yagi 
to cover the popular 
144-148 MHz band. 

CIRCUITS & 
TECHNICAL 
ENGINEERING 
FEATURE 
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Modem of the Future 
74 

A Digital Signal 
Processing (DSP) chip 
can implement all the 
required functions for a 
high speed modem. The 
application of Texas 
Instrument's TMS320 DSP 
to the task is examined in 
this special feature. 

FOR STARTERS: 
Binary, Octal, Hex and 
all that Jazz . . . 
  102 
Theo Baitch explains how 
those mysterious 'digital' 
number systems work. 

Benchbook 
  104 
A simpler way to interface 
a computer to the 
Siemens 100 teleprinter. 

PRACTICAL 
COMPUTING 

Modems, Networks and 
Data Communications 
  59 

If you want to find out 
what the "data 
communications 
revolution" is all about, 
but don't know where to 
start — start here! Our 
feature covers the basics 
of the technology, the 
techniques and the 
relevant standards. 
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COMMUNICATIONS 
SCENE 

Radio Communicators 
Guide to the Ionosphere 
— Part 5 

  83 

This month covers the 
mysteries of radio 
propagation in general 
and via the ionosphere in 
particular. 

FEATURE 
Modems, Networks and 
Data Communications 
  61 
If you want to find out 
what the "data 
communications 
revolution" is all about, 
but don't know where to 
start — start here! 

CONSUMER 
ELECTRONICS 

Brawl Over Digital Audio 
Tape (DAT) Standards 
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When it's released, digital 
audio tape technology will 
give the consumer a 
record/replay system with 
performance to rival 
compact disc. But there 
are 'differences' over the 
standards proposed — 
will we end up with two, 
incompatible, systems? 

JVC's HR-D565EA 
`Vidi-fi' VCR 
Reviewed 
  14 

Malcolm Goldfinch looks 
at JVC's new Hi-Fi VCR 
from the video side, while 
Bob Fitzell puts it through 
the mill on the audio side. 
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Making good use of 
vacant 'phone lines. 

Consumer Electronics 

Sony release swag of 
new 8 mm video 
products. 
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C64 edge connectors. 

Project Buyers Guide 
  25 
Where to get your kits 
and bits. 
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  80 
New packet radio TNC kit. 
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BUILD A 430 MHz/477 MHz 
GaAsFET MASTHEAD 
PREAMP 
There's no substitute for 'good 
ears' on UHF. This masthead 
preamp employs a low-noise 
3SK121 GaAsFET to improve 
the signal-to-noise ratio where 
you need it most — right at the 
antenna. Carrier-sensed trans-
mit thru-line switching is em-
ployed and the unit operates 
from a 12 Vdc supply. 

BUILD THE SUPER MODEM 
Part 2 of the project gets into 
the actual construction. Yes 
folks, here it comes — faster 
than a speeding ASCII bit, 
more powerful than a block 
move, able to leap tall down-
loads with one command — su-
per modem! 

DABBLING IN THE DIAL-UP 
DATA JUNGLE 
Once you have a modem, 
you'll wonder what you ever did 
without it. Our feature next 
month, following on from this 
month's introduction to the 
subject, gives an insight to the 
services, information and ac-
tivities you can dial-up with 
your computer and a modem. 

While these articles are currently 
being prepared for publication, 
unforseen circumstances may 
affect the final contents of the 
Issue. 



Do you look for a standard HCMOS supplier 
or for the one that sets the standard? 
Right now, we have a complete range of 
high-speed CMOS (HCMOS) logic IC's. 
And we have them in both DIL and in 
our space-saving SO-package, now a 
JEDEC world standard. For your HCMOS 
needs come to us, Philips Elcoma, the 
Australian source. 

Plug our pin and function-
compatible 74HCT IC's straight into your 
LSTTL sockets — often without redesign! 
LSTTL level compatibility with 
dramatically reduced power 
consumption. Without 
sacrificing system speed, and 
at the right price. 

Using MUS already? 
Then look at our 74HCT 
for TTL-level CMOS and 
NMOS systems, or our 74HC 
for all-CMOS systems. 41111, 

Or, design-in HCMOS 
and enjoy all of its benefits. 
Like freedom from latch-up and high 
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-.ave board space. Our SO-versions are up to 65% 
smaller than comparable DILs, and are up to 10 
times lighter. 

reliability (5 FITS). Noise immunity 
critical? Then think about 74HC. 

Space and cost conscious? Then use 
SO-versions and benefit from Surface-
Mounted Device (SMD) technology. 

At Philips, we know about CMOS. 
Ten years as European leader with the 

PHILIPS 

it 

Electronic 
Components 
and Materials 

HE4000B family has taught us a thing or 
two. About quality. And about design. 
Our patented HCMOS input structure, 
for example, makes it possible for us to 
produce 74HC (CMOS input levels) or 
74HCT (LSTTL input levels) with a 
single mask change. So the type 
range is available in both versions. 

Need samples or data? Then call 
your nearest Philips Electronic Components 
and Materials office. We're ready with full 
technical support and documentation. Plus 
a User Guide, set to become the standard 
for designing with HCMOS. 

',Khios The name is Philips 
HIGH• SPEED LOGIC The product is HCMOS 

Philips Electronic Components 
and Materials 

11 Waltham Street, 
Artarmon, N.S.W. 2064 
Telex AA20165 AUSLCEC+ 

Sydney 
Melbourne 
Adelaide 
Perth 
Brisbane 

(02) 4393322 
(03) 5423333 
(08) 2430155 
(09) 2774199 
(07) 440191 
the UN 279 

PHILIPS 
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NEWS REVIEW 

Putting vacant 
'phone lines 
to good use 
W hile the telephone in your home or office is not being 

used, the 'vacant' phone line could be put to use as 
a remote burglar or fire alarm monitor or by gas and elec-
tricity utility companies for reading your meters. So says UK 
company Racal-Milgo, who will trial a system just such as this 
in Britain this year. 

Dubbed the " Bitstream" sys- intensive development effort. 
tern, it employs an electronic Racal will provide British Tele-
communications device linked corn with three pilot systems so 
to the ordinary telephone line that trials can start this June and 
on your premises which accepts be completed some time next 
inputs from devices that can year. The company says it could 
read gas or electricity meters or, take another year to ' fine tune' 
when linked to appropriate sen- the system. 
sors, relays warnings from bur- Some 20 million telephone 
glar or fire alarms that may be lines are in use in Britain alone 
installed. and Racal believes Bitstream 
The outputs can be 'inter- could enjoy a mammoth market 

rogated' by a unit at the ex- and be in universal use by the 
change which communicates end of the century. Racal is also 
with 'phone-linked computers of currently bidding to develop a 
the gas and electricity authori- similar system to meet the needs 
ties or service centres responsi- of the West German national 
ble for equipment in the telecommunications authority. 
particular properties they Although this is 1986, not 
service. 1984, George Orwell knew what 
According to Racal, Bitstream he was talking about! (—Ed.) 

was the product of 18 months 
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Japan takes lead 
in electronic 
biosensors 

A pplication of electronics 
in biology was stumped for 

a long time for the lack of effec-
tive biological-electronic trans-
ducers. However, since Isao 
Karube and a group of workers 
developed a 'biosensor' for de-
tecting hydrogen peroxide in 
food in 1974, advancement 
came pretty rapidly. 
Biosensors comprise a 'bio-

logical receptor', which could 
be enzymes, antibodies or mi-
crobes immobilised in a mem-
brane, and an electronic 
transducer. The biosensor 
reacts with the chemical it is 
designed to detect converting 
this chemical activity into a 
measurable electrical signal. 
Karube's group went on to 

make many kinds of enzyme 
sensors following their initial 
success. Now, the electronics 
giants of Japan are pouring sub-
stantial research money into the 
development of biosensors. 

They believe the devices could 
revolutionise health care. Bi-
osensors are capable of quickly 
and accurately detecting minute 
quantities of substances in 
blood. 
Some seven or eight Japanese 

companies are actively selling 
biosensors, while between 30 
and 40 are engaged in develop-
ing them. Fuji Electric sells a 
glucose biosensor which is 
popular with sake (rice wine) 
brewers who use it during fer-
mentation. Apparently, it can 
detect the concentration of glu-
cose in a 20 microlitre sample 
within a minute. This rapidity 
of response means the sensors 
can be incorporated into the 
production process for on-line 
analysis. 
Work is now being done on 

integrating several sensors onto 
a single chip. It is expected that, 
in the future, arrays of disposa-
ble 'biochip' sensors could, by 
detecting different parameters, 
report body condition, results 
being read by a microcomputer. 
Medicos, paramedics or pa-
tients could 'phone-in results 

via modem for remote diagno-
sis by an expert computer sys-
tem in hospitals. 
NEC has succeeded in in-

tegrating sensors for urea, glu-
cose and potassium onto one 
chip which has a working life of 
30 days. Over the next few 
years, NEC plan to develop a 
large range of multi-function bi-
osensors for measuring many 
other substances, including 
cholesterol. 

RF radiation 
safety standard 

D illiculties encountered in 
setting a safety standard 

on RF radiation for Australia 
are highlighted in a paper re-
cently published by the CSIRO's 
division of Applied Physics. 
The paper, entitled The Aus-

tralian Safety Standard for RF 
Radiation — A Curate's Egg, by 
Dr D.L. Holloway, outlines the 
events leading up to the deci-
sion to set an Australian stan-
dard, he says. 
He says that, like the legen-

dary curate's egg, the recently 
published Australian standard 
is good in parts. In other parts 
it is faulty. However, it is an im-
provement on the American 
ANSI standard which had been 
used here by default up to the 
present time. 
Dr Holloway says that as the 

good features in the Australian 
standard are departures from 
the U.S. ANSI standard there is 
a danger of their being removed 
in some future revision on the 
pretext of compliance with stan-
dards in use overseas. 
The community should be on 

guard against this and every at-
tempt should be made to en-
courage radiation workers or 
their representatives to partici-
pate in all revisions of the 
standard. 

"Is it over-optimistic to hope 
that instead of taking this retro-
grade step, the Standards As-
sociation, through its 
representation on international 
bodies, will be able to convince 
other countries that they should 
adopt the good features of the 
Australian standard?" 
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International brawl over new 
digital audio tape standards 
Dennis Lingane 
When it's released, digital audio tape technology will give the 
consumer a record/replay system with performance to rival 
compact disc. But 'differences' of opinion among the companies 
concerned in the decision on standards has led to two standards 
being proposed, opening a Pandora's box of confusion for the 
public if they're both released. 

CONTROVERSY over the soon to be released digital audio 
cassette tape standards has simmered behind the scenes for 
the past year. The new digital audio tape, known as "DAT" 
makes existing audio cassette recorders obsolete, for the new 
DAT technology will offer superior performance and record-
ing times. The 20-year-old compact audio cassette suffers 
from the limitations of analogue recording technology with 
far less dynamic range and poorer signal-to-noise ratio com-
pared to digital techniques, and a handicap in having a max-
imum playing time per side of only 45 minutes. A 
DAT-cassette will hold up to two hours of stereo sound with 
performance to match the booming compact disc. 
The controversy revolves around five issues: 

• The international committee which decides on the 
standards has settled not on one format, but two. The 
formats are known as " R-DAT" and "S-DAT" (see ac-
companying panel), the R standing for rotating head 
type, the S standing for the stationary head type. 
• The software industry, which stands to make a sub-
stantial fortune from pre-recorded software sales, has 
won a battle to ensure you won't be able to record from 
a compact disc to a DAT without going through the ana-
logue decoding-encoding process (i.e: you won't be able 
to do a direct digital dub). 
• The industry has successfully lobbied for the two sys-
tems not to be made public because it may confuse con-
sumers and rob the industry of sales of CD players. 
• Europe's leading tape manufacturer, BASF, has led 
a campaign to try and stop the industry launching either 
system because it says that both are not good enough. 
BASF's spokesman, Bill Andriessen, says that the 
common-or-garden audio cassette will defeat these new 
contenders if they are released because they offer noth-
ing new. 
• Other industry pundits predict that if the delayed 
launch is too long the 8 mm video system's PCM au-
dio could become the new digital standard by default. 

Software lobby 
We will not be able to record sound digitally from a CD with 
either of the new digital audio tape cassette systems. The Dig-
ital Audio Committee in its standardisation has conceded to 
lobbying from the software industry to choose a system of 
digital home recording that is incompatible with CD. 
While CD has a 44.1 kHz/16-bit sampling system, the digi-

tal audio tape committee has opted for 48 kHz/16-bit record-
ing and playback system. But to cater for the software 
industry they will also have a 44.1 kHz playback-only system. 
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THE TWO DAT SYSTEMS 
PROPOSED 
Two DAT systems have been 
proposed. They differ prin-
cipally in the manner in which 
the tape is scanned by the 
head(s). 
The R-DAT system em-

ploys a rapidly rotating head 
drum with two heads which 
lay down helical tracks, rather 
like the system employed in 
video recorders. 

In the S-DAT system, the 
tape moves past a stationary 
head which lays down 22 
parallel tracks from a seg-
mented, thin film head. 

Both techniques enable 
data to be recorded at a rate 
of more than two megabits 
per second which is what 
gives DAT the performance 
capability to match the com-
pact disc. 
As you are no doubt aware 

by now, the R-DAT and S-
DAT systems are not compat-
ible. It is known that Philips 
and Sony prefer R-DAT, 

ROTATING 
HEAD DRUM 

STATIONARY.SEGIJEN TED HEAD 
USING 11,R4 FILM TECHNOLOG, 

MEUCAL 
TRACKS 

HEAD 2 

MULTIPLE TRACKS 
(PARALLEL DATA 

RECORDING', 

whereas others, notably 
Sharp, prefer S-DAT. The 
cassettes for each system are 
of different sizes and appear-
ance, but both are smaller 
than the conventional com-
pact audio cassette. 

This will enable software producers to make play-only cas-
settes from the same digital master tapes they make the com-
pact discs. The tape decks will be built so as to automatically 
sense whether it's a pre-recorded cassette or one that can be 
recorded onto. The idea is to stop piracy. We of course will 
be still able to record the CD in analogue. In fact, the cas-
sette decks will have two inputs, one for pure digital and the 
other for analogue. You will be able to record the CD via the 
analogue decoding, so it's only a gesture against piracy really. 
The software industry says that it's bad enough that they 

have to live with analogue media piracy, but given a digital 
recording system there would be no quality loss when record-
ing off a CD onto tape and the pirates would have a ball. 

Split over standards 
According to Herman de Haan, the Philips member of the 
Digital Audio Cassette committee that has standardised the 
two digital tape systems, the electronics industry will ulti-



BASF's Bill Andriessen — wants a flip-over cassette for the 
new digital audio tape 

mately settle on the Rotary Digital Audio Tape (R-DAT) cas-
sette as an industry standard. 
The rotary recording system is similar to a video recorder 

using a drum that spins with two heads that helically scan 
the tape. The stationary head system, employing a flat film 
segmented head that stripes around 20 tracks onto a tape at 
the same time, involves new head technology that not all 
manufacturers are ready for. So the rotary head will be the 
industry standard it is believed. 
"Our job was to settle on an industry standard," says Mr 

de Haan. "We were given two systems to work on so we made 
the standards for both. Now it's down to the industry chiefs 
to decide which they will launch. 

"It's unlikely they will launch with two cassettes. It would 
be ridiculous. 
"We at Philips expect them to opt for the rotary system for 

several reasons. Firstly, because the majority of manufac-
turers are now in agreement the rotary system is the best. 
Until recently, the committee was split 50/50. Now it's swung 
to the rotary and only 10 per cent of the manufacturers are 
still keen on the stationary head system." 
Asked whether Bill Andriessen of BASF, who feels that 

both systems are not suitable because they do not offer the 
consumer anything new, stood a chance of convincing the 
committee to opt for a flip-over rotary-type cassette, Mr de 
Haan said: "Not a chance. The committee has decided the 
standards and that is the end of it. 
"The committee has been disbanded and the cassette 

moulds are all made so they are compatible between 
manufacturers, so it is too late. It is now down to the politi-
cal heads to make their decision which tape will be the world 
standard. But it will be one of the two, and most likely the 
rotary system." 
The reasons the industry is expected to opt for R-DAT is 

because it offers longer playing time (two hours against 40 
minutes on the fixed head system), uses a smaller cassette, 

is cheaper in its use of tape, and needs to employ only 128 
RAM chips in the electronics instead of 256 as needed by 
the S-DAT system." 

Also, there are only four manufacturers (Philips, JVC, Sharp 
and Sony) that can make the complex stationary heads that 
use the thin film technology. 
Asked why the industry didn't opt for a flip-over rotary that 

would give four hours of recording, he said that the commit-
tee felt that two hours was enough, and anyway, the tape only 
takes 28 seconds to rewind from the end to the beginning. 
The new digital tape system is expected to be introduced 

in 1987 (although, as this goes to press, an announcement 
on which system will finally be decided on was expected wi-
thin weeks). It wasn't shown by any manufacturers at the 
Japan Audio Fair in Tokyo recently because the industry was 
worried that it would have caused confusion on the market 
and damaged the sale of CD players. 
Other sources reported that the DAT Standards Commit-

tee arrranged a seminar and demonstration at a nearby hotel, 
but all but one of the firms with DAT equipment to show 
dropped out. Only the Sony R-DAT recorder was shown. It 
is to be smaller than most portable tape recorders. Because 
the circuitry is not yet integrated onto chips, it needed a bank 
of ancillary equipment. When Sony demonstrated it, the 
sound soon started to crackle and break up. Sony engineers 
then swiftly switched off the machine and covered it with 
a blanket. 

Rivalry from 8 mm 
If the industry waits too long it could miss out and PCM 
sound on 8 mm video could become the new standard be-
cause it offers 18 hours of music on an 8-bit digital (pulse-
code modulated) system. 

It is ideal for cars because the 18 hours is stored in six 
tracks of three hours each and so a driver can hop from track 
to track as his mood dictates. An 8-bit system would be suffi-
cient for a car where a too-wide dynami,: range is a problem 
rather than a benefit because one can't hear the low, quiet 
passages because of road noise. 

Will DAT flop? 
But while the industry may be looking with excitement to 
the new digital tape era, BASF's colorful tape expert Bill An-
driessen, who sits on the Digital Tape Committee, says they 
are both poor. 
"This is a typical example of what creation by committee 

produces. The committee's brief from world-wide manufac-
turers was to decide on one standard cassette for the digital 
age. Not only has the committee not done that, but it has chos-
en two cassettes, neither of which is suitable for the future. 
"There is no doubt that in the future we should have a new 

tape medium for the digital age. But if it is to replace the 
popular and dominant compact cassette it must offer some-' 
thing new. Neither of the two cassettes settled on is ideal, 
and I predict they will both be rejected by the consumer. 
"Then we will have to start all over again." 
Mr Andriessen blames the complex face-saving politics of 

the various Japanese companies for the decision to stan-
dardise two cassettes. He said one group of manufacturers 
wanted the S-DAT and another the R-DAT. Because they 
couldn't agree they settled on the two. But Andriessen 
predicts that neither will survive if they are both launched 
and the public will stick with the compact cassette. 
"Neither system offers the consumer any extra benefits 

other than digital recording and most wouldn't bother with 
the marginal gain in sound quality over the compact cas-
sette," he said. 
"These days, using a high quality compact cassette and Dol-

by C it is virtually impossible to pick between the sound qual-
ity of compact disc and the tape," he claims . p.101> 
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Swag of new 8 mm video 
products released by Sony 

Sony, just seven months after launching the first 8 mm 
video product on the Australian market, released another 

swag of V8 products in mid-February: a portable camera that 
can be used in one hand, two VCRs (one with digital PCM 
audio included), a tiny portable recorder and a PCM audio 
processor. 

Sony's new top-line 8 mm 
VCR is the EV-S700. It features 
PCM ('pulse code modulation') 
stereo sound with a claimed 88 
dB dynamic range and the capa-
bility of recording up to 18 hours 
of PCM stereo sound in the 
long-play (LP) mode. 
Other features include up to 

three hours of recording and 
playback on long-play video 
mode, a three-week/six-event 
programmable (audio & video) 
timer and a full-function wire-
less remote control. Sony are 
dubbing this product " DAV". for 
'digital audio-video'. 
Their economy 8 mm VCR. 

the EV-A300, comes with stan-
dard FM audio and a three-
week/four-event programmable 
timer. This model also comes 
with a full-function wire-less 
remote control. A PCM digital 
audio processor for recording 
and playback is available as an 
add-on. the PCM-EV10. 
Both VCRs also feature clean 

still pictures, frame-by-frame ad-
vance and step slow functions. 
Additionally. the EV-S700 also 
includes a double-speed fast 
playback function. The flying 
erase head feature is available 
on both machines. Suggested re-
tail prices are $1899 for the EV-
S700 and $1149 for the EV-A300. 
Apparently, the PCM audio 

employs both analogue and dig-
ital compansion to achieve the 
claimed 88 dB dynamic range. 
The actual analogue-to-digital 
conversion is 8-bit, with an ex-
tra two bits employed apparent-
ly to provide some digital 
compansion on peaks. This. 
together with a limited amount 
of analogue compansion, pro-
vides performance equivalent to 
a 13-bit digital system, Sony 
sources say. 
Six separate stereo tracks can 

be recorded on tape in full PCM 
audio mode. They can be ac-
cessed serially, which gives a to-
tal of 18 hours playback (in CP). 
or yon can jump track-to-track 

smallest. Suggested retail price 
for the CCD-M8 is $1899, and 
for the PAK-88. $2999. 

No 'item search' facility is avail-
able however, to enable quick 
finding of a particular item on 
the tape. With audio facilities 
and performance such as this in 
a video recorder, the line divid-
ing audio and video becomes in-
creasingly blurred. 
The latest camera in Sony's 

8 mm video range is the CCD-
M8 ' Handycam'. This unit 
weighs just 1 kg, can be operat-
ed with one hand and has been 
specifically designed for the 
first-time video camera owner. 
It is a record-only unit. When 
finished, the tape can be placed 
in any 8 mm VCR for immedi-
ate playback. 
The M8 employs a complete-

ly solid state charge-coupled 
device (CCD) image sensor, as 
with Sony's earlier V8 models. 
Sound is recorded on the tape 
along with the video, using an 
FM subcarrier (see "The New 
8 mm Video Tape Technology", 
AEM, Jan. '86, p. 28). 
A full range of accessories can 

be purchased for use with the 
Handycam in the ' PAK-88' for-
mat, which includes a portable 
deck-type VCR. the EV-C8, 
which Sony claims is the world's 

Perth's success 
show 

T he 1985 Perth Electronics 
Show, held early last Au-

gust, was a proven success and 
remains unchallenged as the lar-
gest and most important con-
sumer electronics and 
homeware exhibition in Austra-
lia, the organisers say. 
Organisation is already under-

way for the 1986 Perth Electron-
ics Show which will be held 
again at the Claremont Show-
grounds in Perth from July 31st 
to August 3rd next year, with an 
exclusive trade-only day on July 
30th. Already the show or-
ganisers predict that exhibition 
space will be 20 per cent up on 
1985 and say there has been con-
siderable interest from potential 
new exhibitors. 
"The success of the 1985 Perth 

Electronics Show has prompted 
numerous enquiries," says Chris 
Gulland, who has been show 
manager for the past six years. 
According to Gulland, the 1985 

• 
ri-

exhibition was the most success-
ful Perth Electronics Show on 
record. 
"A total of 220 major compa-

nies were represented on 93 
stands in a show area of 12 000 
sqm. Visitors to the Show 
topped 85 000," he said. 
A number of successful inno-

vations were introduced in 1985 
which will continue in 1986. A 
full day was set aside for trade-
only visitors and included 
product knowledge and market-
ing seminars. Reduced airfare 
and accommodation packages 
for interstate and overseas visi-
tors were also launched. 
"The 1986 Perth Electronics 

Show will not only be bigger and 
more comprehensive, the trade 
sessions will become an impor-
tant event on the industry calen-
dar," said Gulland. 
"We plan a full day again for 

trade and media only and semi-
nars will cover a much wider 
range of topics." 
The Perth Electronics Show is 

now an exciting success story. 
According to Gulland, it is an 
important venue for new 
product launches. Manufac-
turers fly in state-of-the-art 
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equipment from around the 
world for Show previews. The 
event attracts countless senior 
business visitors from overseas 
and interstate, retailers from 
across Australia, national media 
and key Australasian represen-
tatives from the manufacturing 
industry. 
A comprehensive brochure on 

the 1986 Perth Electronics Show 
is now available including exhi-
bitor information, floor plans 
and Show events. Write to Perth 
Electronics Show, PO Box 745, 
West Perth, 6005 WA. (09) 382 
3122. 

New tricks for 
Beta and VHS 

ith the new 8 mm video 
format launched and run-

ning well, the video Shogun are 
now updating their technology 
for the half inch VHS and Beta 
formats. Not all the technology 
that made V8 so successful tech-
nically will be usable in the 
older formats, though. 
Achilles heel of V8 is the high 

cost of the metal tape cassettes 
essential to this new format. 
Even though the metal powder 
tape is cheaper than the metal 
evaporated, the quantity for a 
three-hour 1/2 " VC is a major ex-
pense that will keep metal out 
of the big VC for some time to 
come. Improvements in quality 
will be less spectacular for old 
formats. 
The Beta group recently an-

nounced "Super Beta", which is 
claimed to improve the picture 
resolution by a gain of 10%. 
Sony has already released their 
new Super Beta machine, the 
SL-HF950ES with a suggested 
retail price of $1899. This is 
made possible by shifting the lu-
minance band up to give a 
wider band for video frequen-

cies in the VCR so the whole 
chrominance and luminance 
spectrum is improved. The 
great problem with format up-
grades is that compatibility with 
older VCRs is in question. 
Gary Wilson, Sony's technical 

guru, has assured me that Super 
Beta is fully cross-compatible 
with old Beta, but the extra 10% 
cannot be expected on old units. 
Also, it is a requirement of Su-
per Beta that the latest HG (high 
grade) VC be used, but not 
metal. 
JVC and National. the VHS 

leaders, have hastened to 
release news of their update 
"HQ" (high quality) which is on 
the way, due for release mid-
year. They both point to the 
release of the new "white clip" 
level outlined in the review of 
JVC's new vidi-fi VCR else-
where in this issue. 
National points to the inclu-

sion of this update in their 
NV280A VCR released last July. 
Both say they will not promote 
HQ until all the HQ features are 
in current models. National say-
ing, to do so would be "prema-
ture ... misleading to the 
consumer; ... real benefit in in-
creased picture quality, whilst 
maintaining ... compatibility 
with current and future models 
of all VHS brands". The italics 
are mine as it shows that the 
many VHS producers are as 
usual keeping standards intact; 
probably using common ICs. 
This has been a great VHS 
strength in the past. 
There are four enhancements 

that go to make HQ: (1) White 
clip raised 20% giving crisper. 
sharper images; (2) Detail en-
hancement by HF signal 
processing with pre-emphasis; 
(3) Luminance Vertical Proces-
sor, doubling luminance signals 
from adjacent lines while noise 
factor only rises 1.4 to improve 

S/N ratio; (4) Chrominance Ver-
tical Processor, using the same 
method of signal doubling with 
noise only twice, for reduced 
colour noise. 
This all sounds jolly good un-

til the last note on the National 
technical data, which says: 
"From the viewpoint of com-

patibility with conventional VHS 
models, . . . items 3, 4 have been 
adopted for use in the LP (long 
play) mode only. They are not 
applicable to the SP (standard 
play) mode." 

I have sought clarification, 
which is coming from the 
designers in Japan. 

Malcolm Goldfinch 

The midi grows 

more popular 

A ustralian beer drinkers 
know what a middy is but 

Australian consumers are only 
just discovering the hi-fi midi. 
According to the Consumer 

Electronics Suppliers Associa-
tion (CESA), Australians have 
traditionally thought that 'bigger 
is better' when it comes to hi-fi. 
But growing sales in midi-size, 
or shelf-size, sound systems 
indicates that the Australian 
market, like those overseas, is be-
ginning to appreciate the 
benefits of the more compact hi-
fi systems. 
Sales of midi-size hi-fi systems 

has grown from virtually noth-
ing a few years ago to almost 20 
per cent of the Australian mar-
ket, according to CESA. All the 
major manufacturers have 
released midi systems in the 
past few years. 
Some industry pundits say the 

generally midi size of compact 
disc players, the boomer product 
in recent years, will accelerate 
the trend. 
CESA says midi systems don't 

dominate the furniture, and fit 
well into modern smaller-size 
rooms. 
Another trend, says CESA, is 

to 'home entertainment centres', 
which reap the maximum 
benefit from TV, video and hi-fi 
systems, following the integrat-
ed sight and sound concept in-
troduced in recent years, and 
midi sound systems suit this 
concept too. CESA claims. 

'Theatre sound' 
from your TV or 
VCR 

T hat big sound you ex-
perience in the cinema can 

be obtained from your TV or 
video recorder, according to 
Melbourne-based GFS Electron-
ic Imports, by using an add-on 
device made by the MFJ Enter-
prises of the USA. 

The MFJ-1500 takes either a 
mono or stereo input and pro-
vides variable time delay and 
reverberation to ' re-create' that 
"big theatre" sound. 
The unit provides processed 

and unprocessed outputs which 
can be fed into a stereo amp. If 
you don't want to, or can't, use 
your stereo, the MFJ-1500 has an 
in-built two watt amplifier. A 
single speaker is connected to 
the MFJ-1500 and placed behind 
the listening position to provide 
the ambience of a large theatre. 
The MFJ-1500 measures 254 x 

50 x 150 mm and operates from 
12 Vdc or 240 Vac. Contact Greg 
Whiter, GFS Electronic Im-
ports, 17 McKeon Rd, Mitcham 
3132 Vic. (03) 873 3777. 

Sanyo launches VHS VCRs 

Sanyo has announced the release of a range of VHS format 
video cassette recorders. Mr Mat Matsunaga of Sanyo Aus-

t ralia said the move to add the VHS format to its range of video 
products came as a result of continuing requests from dealers who 
were responding to "consumer demand for Sanyo VHS recorders". 
"Sanyo has been producing VHS-format VCRs under the Fish-

er brand for some time. It is a logical step in our development 
as one of the world's major producers of electronic products to 
expand into VHS," said Mr Matsunaga. "The VHS recorders will 
complement our range of Beta recorders. We will also be releas-
ing new Beta format recorders through 1986. Later this year. Sanyo 
will also launch an 8 mm video," he said. 
The three VHS models, VHR-1100, VHR-1300 and VHR-1500 all 

feature the HQ (high quality) technology designed to produce 
sharper, clearer images. 

In the HQ circuitry, the white clip has been increased from 160% 
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to 190%, while a "detail enhancer" provides increased contrast, 
definition and clarity as well as reducing signal loss, says Sanyo. 
Further details from Wally Fabiszewski, Sanyo Australia, 14 
Mars Road, Lane Cove 2066 NSW. (02) 428 0822. 
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CONSUMER ELECTRONICS NEWS 

Now it's the home 
sound studio! 

W ith the advent of compact 
disc players. sound 

reproduction has come almost 
as close to the quality of the 
original programme as possible. 
The next challenge, many audio 
enthusiasts say, is to be able to 
create one's own music, in a 
similar way to that of profes-
sional studios. 

Being able to dub in other 
voices or instruments with a 
pre-recorded piece, or with 
one's own composition, achiev-
ing a mix of different sounds 
and coming up with a truly 
original creation, are features 
that more and more audio buffs 
are beginning to discover. 
Home recording is rapidly 

emerging as the next 'boom' 
area in the audio industry, some 
pundits say. 

In response to this trend, the 
Japanese f:rm Shiino Corpora-
tion has created the Vesta Fire 
MR-10 Portable Studio, distribut-
ed in Australia by Rank Elec-
tronics Pty Ltd. This mini studio 
package is a 10-channel mix-
er/4-track recorder that allows 
you to create and record your 
own music, employing profes-
sional recording procedures 

such as overdubbing, punch 
in/out, and sound mixing. 
A dbx Type II noise reduction 

system ensures clean, quiet 
recordings with plenty of 
headroom to avoid distortion, 
the makers say. The MR-10 is 
also equipped with stereo pho-
no inputs, allowing one to add 
voices and/or instruments to al-
ready mixed-down music. 
The Vesta Fire MR-10 Portable 

Studio sells for around $699.00 
from selected audio specialist 
dealers throughout Australia. 

For further information, contact 
Andrew Horman, Rank Elec-
tronics Pty Ltd, 16 Suakin St, 
Pymble 2073 NSW. (02) 449 
5666. 

Giant step for 
Nakamichi 

N akamichi Corporation 
took a giant step towards 

becoming a full-line home audio 
electronics manufacturer by in-
troducing the PA-7 and PA-5 
'STASIS' power amplifiers, CA-5 
control amplifier, and ST-7 
AM/FM stereo tuner. 
The PA-7, PA-5, ST-7, and CA-5 

exemplify the twin electronics 
lines Nakamichi launched with 
the OMS-7 and OMS-5 CD play-
ers last October. Both series are 

designed to produce identical 
sound, the main difference be-
tween them being the added 
convenience features found in 
Series-7 components. 
For the first time, Nakamichi 

say, the true audiophile can avail 
himself of the conveniences 
provided by mass-market elec-
tronics with the sound quality 
heretofore possible only with ex-
tremely expensive esoteric 
equipment. 
The PA-7 ( rated at 200 

watts/channel) and PA-5 (100 
watts/channel) feature a STASIS 
topology which does not employ 
global feedback to reduce distor-
tion. Both amplifiers are 
claimed to be inherently stable 
with any speaker and are said to 
have uniform output impedance 
for optimum sound quality. 
The CA-5 Control Amplifier is 

designed for the "purist" and 
features those controls essential 
for music reproduction: level, 
balance, and input selection. 
The phone stage accommodates 
both moving-coil and moving-
magnet pickups with selectable 
input impedance for the form-
er and selectable capacitive 
loading for the latter. In addition 

to phono, CD, tuner, and aux in-
puts, the CA-5 is designed to ac-
commodate two tape decks and 
has an extra set of outputs for 
driving a second power amp. A 
special circuit controls power to 
an entire Nakamichi home elec-
tronics system via an optional 
System Power Control Strip 
(S PC-1). 
The ST-7 AM/FM Stereo 

Miner was designed by the 
renowned Larry Schotz and fea-
tures the latest "Schotz Noise 
Reduction" circuit to improve ef-
fective stereo sensitivity. With 
Schotz NR, 50 dB quieting in 
stereo is achieved at 28 dBf (Eu-
ropean/Australian models: 31 
dBf) — 9 dB less than possible 
with conventional designs 
without resorting to "psuedo-
stereo" reproduction, say 
Nakamichi. 
Both 75 and 300 ohm inputs 

are provided: left and right out-
puts are independently adjusta-
ble to match sound level to that 
of other components. 

Further details from Convoy 
International, 400 Botany Rd, 
Alexandria 2015 NSW (02) 698 
7300. 

Double auto-reverse 
cassette deck 

O nkyo's TA-RW99 double 
auto-reverse cassette deck 

has features intended to give up 
to six hours of uninterrupted 
replay from C90 tapes. 
One feature is a quick reverse 

function that detects the end of 
the tape with an infrared sensor, 
reducing the between-sides gap 
to less than one second. 
Both cassette holders of the 

TA-RW99 are equipped with the 
quick auto-reverse function, thus 
allowing you to make continu-
ous both-sides recordings with 
no lengthy interruption between 
cassette sides. A high-speed 
dubbing function allows copy-
ing a C60 cassette in 30 minutes. 
Being two auto-reverse decks 

in one. the TA-RW99 can con-
tinuously play both sides of 
either one cassette ( in either 
holder) or two cassettes. When 
two cassettes are loaded, the 
continuous replay mode alter-
nately plays both sides of each 
cassette for any length of time 
— a useful function for provid-
ing background music at parties 
and other get-togethers. 
The TA-RW99 also has a direct 

song access feature, allowing 
you to locate up to 30 specific 
selections on the tape quickly 
and easily. It comes in matt 
black, and is priced around 
$869.00 from selected hi-fi 
specialist stores throughout 
Australia. Further information 
from Margot Bowles, Regent 
Audio, 16 Suakin St, Pymble 
2073 NSW. (02) 449 5666. 

12 — Australian Electronics Monthly — April 1986 



Weller. Desoldering takes off! 
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Improved vacuum 
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controlled beads 
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left or nght hand 
control 

Secure easy 
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With the new portable Weller DS600. /
-e----- 

Additional accessories available 
DS601 Desoldering Iron complete. 
Also available are collector tubes, gaskets, filters, 
DS217 370°C or DS218 430°C desoldering heads. 

Relacement tiplets 

Cat. No. 

Outside 
Diam. 
mm 

Inside 
Diam. 
mm 

Length 
mm 

DS110 1.52 .64 12 

DS111 2.29 .64 12 

DS112 1.93 .91 12 

DS113 2.49 1.14 12 

DS114 3.18 1.80 12 

DS115 1.52 .64 19 

DS116 2.49 1.14 19 

DS117 2.29 .64 19 

i"/13mill 

Here's the professional desoldering station that 
has everthing except a fixed place. The low 
maintenance, self-contained vacuum/air pump in 
this compact unit now lets the station travel to 
the job. 

And now there isn't any place that Weller 
expertise cannot reach! 

Check with your Electronics Distributor. 

0 125 /3 17mm0 

T 4-
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The Weller DS600 

Coo s erTools 6 
CRESCENT LUFKIN NICHOLSON PLUMB TURNER WELLER WIRE-WRAP WISS XCELITE 

The Cooper Tool Group Limited, F!0. Box 366, Nurivg Street, Albury4.S.W, 2640, Aura. Tel.. (060) 21 t-,8t5t-' Te1e, AA5695 
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aem hi-fi review 
The JVC HR-D565EA hi-fi VCR with infra- red remote 
control. 

Hail the `vidi-fi'! 
JVC's HR-0565EA reviewed 

Robert Fitzell AAAC Malcolm Goldfinch 

Just when you thought it was safe to separate the video and the hi-fi gear, 
along comes "video hi-fi". JVC's new VHS video cassette recorder 
incorporates new HQ nigh quality') video circuitry and hi-fi helical scan FM 
stereo audio. Malcolm put the video through its paces and Bob compared 
the hi-fi audio against compact disc - both with interesting results. 

ONE CANNOT HELP feeling a little numb after trying to 
keep pace with the deluge of 'breakthroughs' coming from 
the video industry. The video owner, and the few prospec-
tive video owners left, probably feel much the same. CCD 
cameras, 8 mm video, PCM hi-fi on 8 mm video, we have 
covered fully in recent issues, often in advance of the an-
nouncements of these products in Australia. 
The lastest vidi-fi VCR (see box), is part of the new wave 

of updating in the established formats of Beta and VHS. (See 
Story "Video Updates" in Consumer Electronics News this 
issue). The new technology that makes V8 possible is now 
being incorporated in their formats. Whereas metal tape, 
either coated or vacuum deposited, is a vital part of the V8 
format and responsible for the very high prices of V8 
videocassettes (VC), the half inch VHS/Beta cassette uses too 
much tape to make metal tape in these a feasible cost propo-
sition for most home video users. New HG tape coatings of 
ferrite and cocktail mixes of rare metals are making great 
strides in improving the possible recording bandwidths. The 
new V8 format is not being allowed to run unchallenged. 

Hyper headspeed hi-fi 
Tape recorder buffs have long known the value of tape-to-
head speed; 15 ips/380 mm/s is the pro standard; eating up 
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quarter inch tape at an alarming rate. Consider now the mov-
ing Beta vidi-fi head, with a speed past the tape of 585 mm/s, 
and for VHS 485 mm/s, both at the PAL scan, standard speed. 
It is no surprise that the latest vidi-fi machines are claiming 
a performance in audio to surpass pro reel machines and rival 
the CD. The fact that a four hour VHS high-grade VC, cost-
ing $15-20, can be used to record for eight hours in long-play, 
on two discrete tracks of audio, at a head speed for 485 mm/s, 
is to say thé least mind boggling to conventional audio tape 
engineers. 
The end result of my first tests on a vidi-fi machine in 1984 

were startling. On audio, it gave 20 Hz-22 kHz flat, harmon-
ic distortion less than 0.22 dB, wow and flutter less than 0.011 
dB, and a dynamic headroom of 92.9 dB. All these tests, made 
over a year ago on a 'VC HR-D725EA, exceed the manufac-
turers' claims! I used an ordinary high grade TDK tape for 
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Video Cassette Recorder 

JVC 
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Front Loading 
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Beta and VHS `vidi-fi' (video hi-fl) 
systems 

Because the Beta VCR format has a low helical scan head-to-tape 
speed compared to VHS ( 18.7 m/s as against 23.39 m/s) it could 
not follow VHS's half-speed long play, offering more than double 
the Beta recording time in the big NTSC markets. This is probably 
the main reason why Beta lost its lead to VHS as the world's 
dominant video format. Three years ago a better sound system for 
Betamax manufacturers became a survival priority. 
The original Sony hi-fi system, developed in conjunction with 

Nakamichi Laboratories, for Beta format using the same drum-scan 
heads used for video and audio, was entirely within the NTSC TV 
standard. They saw a window in the Beta-NTSC spectrum that al-
lowed an FM multiplex hi-fi audio recording along with the video 
signal at a head speed of 585 cm/s. This system is very similar 
to the V8 format FM head sound option described in AEM Janu-
ary '86, p30. The fact that VHS format had no such window was 
hailed by the Beta camp as the end of VHS. 

Like the video-disc, the arrival of Beta hi-fi on the Australian mar-
ket seemed to be on an indefinite hold after the Australian demon-
strations to media (using NTSC hardware). A year later the news 
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Figure 2. Above: 'Depth recording' of the audio, with the 
video signal overlaying it. Below: How the video and audio 
frequency spectrums are made up. The two audio channels 
are frequency modulated on separate carriers between 
1 MHz and 2 MHz. 
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Figure 1. JVC's illustration of input/output characteristics 
and frequency response. 

came it would not work on PAL TV systems. Simultaneously, the 
VHS hi-fi system, using separate heads with azimuth shift, over-
lay audio recording was announced. The Beta camp soon followed 
with their version. The overlay recording is compatible with PAL 
or NTSC TV standards. At present, this appears to be the world-
wide accepted method of vidi-fi' recording on half inch video tape. 
Two audio heads are added to the video-scan drum and the 

azimuth is varied from the video heads by 30 deg. (Figure 1). Spe-
cial hi-fi video cassettes are now being sold for best results, but 
ordinary high quality VCs seem to take vidi-fi depth recordings quite 
well. 

Although this azimuth variation for the audio/video dichotomy 
would appear to be settled and absolute, the complete separation 
of audio and video, when extreme signals are coincident, is 
achieved by what JVC has named Depth Multiplex (D-MPX). Beta 
vidi-fi employs a very similar system. 
The stereo audio is recorded first, by the two audio heads with 

special gaps to take the signal deep down in the magnetic emul-
sion on the tape base. The frequency modulated signals between 
1 MHz and 2 MHz provide their own bias and have a deep penetra-
tion characteristic. 

Secondly, the video heads with finer gaps and different azimuth 
angles lay down the luminance and down-converted chrominance 
signals, at frequencies of 2.5 MHz to the top recording limit of about 
4 MHz. Such a combination of circumstances favours shallow 
recording on the tape emulsion surface and the audio signals are 
barely disturbed (see Figure 2). Playback is a reversal of this 
process. It is very effective. In the vidi-fi units tested, I failed to de-
tect any video-audio crossmodulation on a sensitive Sony TV mo-
nitor, nor could I hear any video crosstalk from my sensitive B&W 
VM 1 (video monitor) speakers. 

Malcolm Goldfinch 
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the tests before special hi-fi tape arrived. This model is still 
top of the JVC pile and now very expensive, but nowhere near 
the cost of studio type reel recorders in half inch, which it 
exceeds in quality and playing time many times over. Also, 
the hyper headspeed seems to make expensive noise reduc-
tion systems, with their inevitable distortions or phase shift, 
quite redundant. 
So far, conventional audio "experts" seem to behave as 

though helical scan audio does not exist. Like the video con-
sumer, they don't quite know what to do with vidi-fi. Most 
of us have a place for music listening and another for TV. 
Where do you put a vidi-fi? (no prizes for rude suggestions!) 
What is now becoming obvious from these performance 

figures is the similarity of quality between vidi-fi and CD au-
dio. In many ways they complement each other. CD is a 
fabulous sound source and vidi-fi an impeccable recording 
medium of similar quality (made for each other?). 
Before the copyright people bring out their bogeymen, let 

me quote from Homer, or was it Diogenes in his echo cham-
ber, "What consenting CDs and vidi-fis do with each other in 
the privacy of their homes let no man or woman try and 
sunder!" 
When Anthony Toop of JVC offered me a chance to try the 

latest vidi-fi with new technology I not only jumped at the 
chance to try their latest video, but talked to our Editor, Roger 
Harrison, about an audio match, with CD supplying sound 
and JVC's HR-D565EA (rrp $1299) at the batting end. As um-
pire, Robert Fitzell would use his instrumental wizardry to 
keep score. Read all about this test match further on but first-
ly, we have a video machine, so, on to the new picture quali-
ty features. 
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White clip video 'trick' 

This is an improvement on the headroom of the white clip 
which is required to take the best advantage of the bandwidth 
which is possible for a half inch VCR to record. With im-
proved technology and bandwidth, the white clip can be 
reduced with a corresponding improvement in definition. 
The video signal is a high frequency luminance signal that 

gives the image shape. A chrominance signal gives colour. 
The new JVC video circuit raises the allowable white clip lev-
el of the pre-emphasized luminance signal by 20% to avoid 
signal loss when the luminance rises. As claimed, the pic-
ture I observed does have sharper edges and greater clarity 
overall; particularly with full sharpness. This is a control to 
'sharpen' or 'soften' the picture like a photographer can do 
with photo printing paper. It is just one part of the overall 
video ' HQ' (high quality) update taking place during 1986 in 
both Beta and VHS formats. 
What does this really mean in hands-on values? There is 

one very harsh test I use to examine the quality of a VCR; 
I copy from a copy of a copy. The Tape I use is TDK Extra 
High Grade as a reference on all tests. The benchmark VCR 
is a Canon VT-10, with a Sony Profeel stereo TV monitor and 
stereo tuner amp, with B&W ZMF VM1 monitor speakers. 
These are the constants, the VCR under test is the variable. 
I play a standard tape I have recorded onto the test or use 
a TV test pattern. Then I copy the copy until the result is un-
acceptable. 
When I started testing videos this way six years ago, a copy 

of a copy was really too poor. Gradually, this third genera-
tion copy has improved with better machines, including my 
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Figure 3. How the white clip technique works. 
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benchmark VCR, so third generations are passable. 
This copying quality is of great interest to home video users 

who want to edit and sound dub a second generation master, 
so they are able to make third generation copies of sufficient 
quality to publish their videograph in quantity using home 
video equipment. In the past, I have always found this third 
copy of doubtful quality. Also, it clearly reveals the relative 
quality of the VCR under test. 

In testing the JVC HR-D565EA, the record-only run showed 
it to make a good third copy. In the play-only run the third 
copy was exceptionally good and I tried a fourth copy. To 
my surprise it was quite acceptable; better than many third 
copy results from older VCRs! For the hell of it I tried a fifth. 
This was not good and lost chroma in spots from the home 
video original but was quite passable from a TV test pattern 
original. In VHS, the edge track audio always copies well for 
several dubs. The hi-fi audio would be excellent for many 
generations of copying. 
The reason for the superior video copying quality was un-

doubtedly coupled to JVC's 20% white clip circuit and the 
picture sharpness control on full "sharp". When the Canon 
was used as a replay unit results were good, but using the 
JVC HR-D565EA for replaying every copy, the results were 
exceptional. The reason for this is that the white clip and 
sharpness control only works on replay, not on record mode. 

Unusual features 

There is nothing very different about many features, appear-
ance, layout or controls on the HR-D565EA. The date set-
ting I like as it is a new, simple system on a flap which hinges 
down on the front to give a large numeric keyboard that also 
has days from 1-7. A programme bar and left and right move 
arrows completes the time setting controls. The Cancel, Clock 
Adjust, Dimmer, Reset, Clock Counter Reset buttons are on 
the flap to the left. They are clearly marked and easy to read, 
particularly if the VCR is low down in a stack. 
Setting a programme is a breeze. It is like a PC. Just press 

Program and big fluoro letters where the time and date were 
now show "P:" for programme " 1", the first unused 
programme of four. Cursor dashes flash below the date dis-
play. Key in, for the day, say 25th. 25 comes up, the month 
cursor flashes. Key in 12th, the display vanishes and the 
Start/Stop display is up with the cursor flashing below Start. 
Key 1800 and the cursor goes to Stop, key in 2030 and the 
cursor is at TV PR. Key channel 9 to complete the set. If you 
know what you want to put in the prompts allow the set in 
several seconds without having to remember procedure; a 
great leap forwad in the "Lost Ark" jungle of VCR control. 
But I suspect many are like me and make mistakes while 

setting. This is where the JVC HR-D565EA really scores. No 
more back to the beginnings, just press the Back or Next key 
and you can re-do any error. Also, you may recall any set-
ting and change any part; press Program and it shows each 
timer setting. It is all like a wordprocessor. Clocksetting is 
just as easy using the day overlays on the numerics. The clock 
and channel settings stay in operation for days without mains 
power. 
By contrast, the function controls on the face above the flap 

are very finicky. To operate them you need a bit of 747 flight 
deck skill. In a 70 x 60 mm space there is: audio limiter on-
off; manual controls beside tracking level indicators may be 
used (these indicators are selectable); OFF/ON; hi-fi track; 
picture sharpness pot; tape memory on-off; source select: 
(tuner, aux, simulcast); headphone level pot; audio monitor 
select [Normal, Mix (both), hi-fi (helical scan)J; audio moni-
tor for hi-fi (Ch. 1, stereo (both), Ch. 2); tracking pot; Timer 
button (tuner/timer in control); and instant record button for 

limited time. It is quite easy once you have done it all sever-
al times! 

If you like control from an armchair the remote does most 
functions but not the settings just described. 
You can audio-dub the linear track but not the hi-fi tracks; 

connect a video camera; record or replay bi-lingual sound-
tracks; search and stop tape on elapsed time. The usual video-
in-out BNC jacks are missing. In their place is the new in-
dustry standard A/V socket which I found a disaster as far 
as the male connector is concerned. I pride myself as a master 
of plug pushing and pulling, but the completely new 21-pin 
A/V connector with nibs in perfect alignment refused to enter 
even with drastic pressure. The whole plug came apart into 
its components and was only accepted after the female nibs 
had been deflowered with a fine screwdriver and the sharp 
edges of the male prongs rounded after removing the shield. 
The operations took half an hour with the use of micro lenses. 
This connector must be improved. At the other end of a metre 
of cables there are the two usual BNC connectors for video 
in/out. The audio connector is a standard DIN 5-pin male and 
it all worked well. 

Subjective impressions 

The sound from the ABC and other simulcasts is often der-
ived from impeccable source material. The Brits particular-
ly lead the world with their Covent Garden Ballet and opera 
tapes. Both video and sound are superb and I had the good 
fortune to catch a sample of Romeo and Juliet, and Samson 
and Delilah with the JVC HR-D565EA. 
To replay, I took the mountain to Mahommet by moving 

the JVC HR-D565EA from the TV-video lab upstairs and 
patching it into my Nakamichi 730 tuner/amp coupled to two 
B&W DM6 monitors in front and two DM4s phased-in be-
hind the listening point. For video, I used a Sony portable 
close to the listening point on a VCR cable. My ears are old 
and I subscribe to Neville Williams' dictum of hearing loss 
due to age, but I invited keen young ears as well. The con-
sensus was sound of extraordinary, in fact studio monitor, 
quality. I just found it so enjoyable because I was hearing 
tones and instruments I thought gone forever, except from 
my Nakamichi OMS-5 CD player into the same system. The 
Samson and Delilah recording was an equal tour de force 
with Sidney Nolan's dreamtime sets and costumes match-
ing the drama of San Saens' music. As a constant ballet and 
opera goer I found it right up with the real experience. We 
live in an amazing world. 
When Bob Fitzell returned the JVC HR-D565EA he had 

made a vidi-fi test recording of some of The Empire Strikes 
back from a Channel 10 stereo broadcast; not a hi-fi simul-
cast. I did not expect too much from TV sound, but the qual-
ity of this stereo just laid me back. With the full 90 watts RM.S 
per side of hi-fi ranged in front, and the DM4 rear (ambience) 
speakers I had lazerblasters singeing the back of my head! 
If you go for a stereo-tv, make it part of the hi-fi system. I 
found it an audio-visual thrill close to cinerama, and all in 
my own home. 
Top movies are now starting to be released in this new vidi-

fi medium for VHS and Beta formats. Take one home and 
you can have James Bond or Darth Vader invading your home 
in super, wallpaper-peeling, surround-sound! Now let's hear 
from Bob how the test match went with compact disc audio. 

The VCR as a tape deck 
Some years ago it was common to hear complaint that tape 
recorders might be a lot of fun and convenience but really 
weren't on if you wanted quality audio. Sure you could have 
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almost endless party tapes and could pirate your favourite 
songs from the radio, but the hiss (remember that?), what 
about the hiss, and the compressed dynamic range, and what 
about the wow and flutter!? Party tapes OK, but you really 
wouldn't want to hear a piano or an oboe sounding as if they 
were played on the 8.12 lurching into Central Station. 
What a long way tape recorders have come. Along with 

Mr Dolby and a great deal of design effort in tape drive 
mechanics we have all come to expect even quite ordinary 
cassette tape recorders to provide recordings that rival the 
original in overall sound quality. Many authorities now use 
small portable cassette tape recorders to obtain community 
noise data that they previously would have argued could only 
be safely obtained using a Nagra or similar recorder costing 
perhaps ten or twenty times as much. 

Unfortunately for the tape recorder gurus the digital disc 
has again put the tape recorder under pressure, not for the 
reasons of wow and flutter where the older recorders most 
often foundered , but back in the magnetic domains of tape 
noise and dynamic range. One of the most striking qualitites 
of the digital disc is the astonishing silence between tracks, 
the total absence of background and surface noise, and the 
overall dynamic range achievable. It is, for example, usual-
ly easy to pick which tracks on a disc have been taken from 
an alalogue master and which have been digitally recorded, 
so distinct is the absence of noise on the digital recordings. 
The digital disc is, in terms of signal-to-noise and dynamic 
range at least, head and shoulders above our tape recorders 
and turntables. 
Many product developments begin as hybrids and in some 

ways our latest review item is one of these. Along with the 
burgeoning market in home video has come a demand for 
better audio quality. After all, who wants to watch 'Amadeus' 
at home if you can't enjoy Wolfgang's cackle in full fidelity, 
or perhaps 'Witness' for which pedestrian standard audio 
would destroy much of the atmosphere of the film. One of 
the new wave of video recorders to enter the market is the 
'hi-fi' stereo VHS video cassette recorder, model HR-D565EA, 
from JVC. The main difference between the recorder and its 
predecessors is, apart perhaps from some subtleties of con-
trol, the 'hi-fi' part — a deep layer recording underlying the 
recorded video signal — offering a high fidelity stereo alter-
native to the standard longitudinal audio recording track run-
ning along the edge of a standard video cassette tape. The 
JVC provides both hi-fi and standard audio tracks, so if you 
have a library of video tapes the machine will still replay them 
with exactly the same audio quality that you previously had. 

This JVC machine conforms to the hi-fi VHS standard, so 
that commercial tapes showing the hi-fi symbol on the front 
can be replayed with high quality audio performance using 
the machine. Whilst these tapes do not appear to be all that 
numerous at present, it can be expected that they will in-
crease. For now, it is likely that an owner will need oppor-
tunities such as a recording of say a simulcast or from a live 
recording in conjunction with a video camera to get the 
benefits of the video hi-fi potential. 

As an audio recorder this VCR, entirely apart from its video 
capabilities, offers quite exciting possibilities. With response 
of 20 Hz to 20 kHz, and wow and flutter of less than 0.005 
per cent WRMS, these specifications are above those of even 
the best of cassette recorders and nudging at compact disc 
quality. If the specs are true then it potentially offers a new 
standard of performance for those who continue to doubt the 
trueness of digital players and wish they could stick to wholly 
analogue devices, as well as a way out for those who are per-
fectly happy with digital disc sound but are frustrated that 
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the rest of their system is again starting to sound sub-
standard. 

The facilities 
As a video recorder it is possible to record video signal and 
simultaneous high fidelity stereo audio over the same mag-
netic tape, the video track superimposed over the top of the 
audio track. Simultaneous audio can be recorded on the lon-
gitudinal audio track running along the edge of the standard 
video tape, or if you are wanting to be at all creative, you 
can dub announcements and messages on the longitudinal 
track later. 

Mixed simultaneous recording of audio using a micro-
phone is available on both the audio tracks. However, later 
dubbing of the hi-fi track cannot be done without wiping both 
the video and hi-fi audio recording. The record level of the 
hi-fi track can be manually adjusted on the JVC or automat-
ic level adjustment can be selected using an audio limit 
switch. Manual control or record level is not available for 
the standard audio track. Hi-fi record level control is quite 
good, using slide faders with a linear LED style level meter 
graduated in decibels with colour indication of overload. 

Programming and setup selection uses quite small switches 
located behind a hinged face panel, and I really found them 
just a little too small for easy use. Some care is required in 
the adjustment of some of the video controls since they af-
fect the audio tuning also and it is possible to introduce some 
interference if a recording is made without any checking of 
the overall video record status. We also found some inter-
ference occurred when replaying standard video tapes with 
the audio select left on (mix), although this was eliminated 
when normal audio only was selected. 

A monitoring headphone socket is provided on the front 
panel of the recorder with a headphone level control locat-
ed behind the hinged fascia panel. The tape transport can 
be monitored using a selectable digital tape counter. Com-
pared with the rather rapid count advance of standard au-
dio cassette players the count on the JVC is rather slow and 
does not seem to offer very good resolution. The counter does 
however, function as a rewind memory which is very han-
dy when recording and later rewinding to the start point or 
if you are wanting to repeat a large tape section. Without this 
feature one could go rather mad with a three hour tape length. 
The counter may be reset at any time to update the rewind 
stop point. 

Main operational controls are keypad micro-switches on 
the front panel that require more positive pressure than do 
similar style keys on audio cassette recorders. Monitoring 
of operational status is quite good with the major settings 
being displayed on an illuminated panel on the front of the 
recorder. All of the major controls including programming 
can be operated using the infrared remote control unit which, 
if anything, is easier to manipulate than the main panel 
controls. 

Hi-fi audio connection to the recorder is via standard stereo 
RCA input and output sockets on the rear. Output from the 
recorder is fed to tape or auxiliary input sockets of an am-
plifier in exactly the same was as any other recorder, whilst 
input to the machine is also the same as for a standard cas-
setter recorder. Some care is required in setting up the record-
er to ensure that hi-fi track recording will occur. However, 
this would become relatively standard procedure once 
familiar with the machine and few adjustments would ever 
be made once set up. 



Operation 
I found operating the JVC video recorder annoying in many 
ways. Standard cassette recorders are now so good in their 
functional features that we have all come to take for granted 
the ease with which most of them operate. With most cas-
sette recorders the basic controls such as pause, play etc are 
both positive and almost instantaneous. Even if there is any 
doubt in your mind you can usually visually check that the 
tape is advancing and that things are happening properly 
with little difficultry. 
Not so with the video recorder. I found that frequently I 

had not got the tape going when I thought I had and since 
you can't see the tape there is no way to be sure that the sys-
tem is operating without checking the display. I am sure the 
manufacturer would argue that the display symbols give ins-
tant display of the status, and I am sure that they do. For ex-
ample it is possible to turn the record level display meter off 
and find yourself running blind. I simply found it less ' user 
friendly' than a cassette tape recorder. 
A major part of this difficulty in becoming familiar with 

the machine is due to the very real delays in anything hap-
pening after any key is pressed. Starting of tape transport 
seems to be associated with such huffing and whirring and 
clicking that I am not at all confident that rapid cueing could 
ever be achieved. Whilst this may not seem important to 
some, I for one do not like hearing clicks and bangs between 
tracks just because the machine is so slow to start that it leads 
to an overall mentality to be sure that the start of the track 
will not be missed. (This is an unfortunate drawback of the 
VHS tape transport mechanism Ed.) 

I also found the tap count to be so slow that it would be 
of little use for accurate cueing. This will probably be of lit-
tle real concern to most since the count is still sufficiently 
good to locate tracks on the tape, you just may miss the start 
or begin somewhere in the previous track. For overall tape 
record the count will be vital since searching through a three 
or four hour tape can be more than frustrating. Fast forward 
and rewind are also not what we are used to with the cas-
sette player, although this may in fact be deceptive since we 
are dealing with tapes of three and four hours of playing time. 

Performance 
Clumsy operation apart, the laboratory measurement of au-
dio performance of this recorder show real potential, once 
the tape is off and running. Two aspects are, however, of real 
concern. 

Figure 4 shows the record monitor frequency response, or 
the frequency response of the electronics. As we should ex-
pect, the response is essentially flat from 20 Hz to 20 kHz, 
with a 0.25 dB roll-off at about 18 kHz. One annoying aspect 
of the recorder audio performance is audible crackle just after 
tape replay commences. This sounds exactly like the crack-
le heard when a television is turned on. While I do not feel 
the problem is major, some improved RF suppression in the 
electronic circuitry may be well worth design investment. 
This unwanted noise can be seen in the recorder replay fre-
quency response trace, Figure 5 as a spike at low frequen-
cies. This gives the false impression that low frequency 
performance is uncontrolled, whereas in fact the noise is 
quite broadband and causes a pulse that the all-pass level 
recorder cannot remove. Figure 5 is the record/play response 
at 0 dB — quite stunning at 20 Hz to 20 kHz + I- 1 dB! The 
BEST of cassette recorders can nearly get there using Dolby 
C and metal tape, while most would run out of steam at about 
10 kHz for the same roll-off. 
Signal-to-noise ratio (Figure 6) is also quite outstanding at 
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Figure 4. Audio record monitor frequency response. 
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Figure 5. Hi-fi audio replay frequency response. Quite a 
stunning result, but see the text about that low frequency 

'glitch'. 
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Figure 6. Signal-to-noise ratio, hi-fi audio — outstanding at 

around 96 dB at 1 kHz. 

over 81 d13(A), and 96 dB at 1 kHz. This also is about 5 dB 
better than the top cassette players, although still 20 dB be-
hind the CD players. Nonetheless, it is very difficult to make 
genuine use of a dynamic range of even 80 dB very often. 
The record monitor signal-to-noise was only of the same ord-
er, which suggests the limit may be the circuitry and not the 
tape. 
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Figure 8 ( a), ( b). Distortion at 100 Hz for the electronics 
(top) and tape replay (bottom). 

The second performance anomaly is far more alarming and 
one for which we have no real explanation at present. We 
found very serious broadband distortion to be caused when 
higher frequency tones were recorded and replayed. Surpris-
ingly, this was not audible during subjective listening tests 
of music, and this suggests either the sustained high level 
pure tones were able to send the amplifiers into oscillation 
or that the record level head-room is not linear across the 
frequency bandwidth and we were causing overload. In 
either case, the recorder is not functioning correctly. 
We were unable to investigate this apparent problem in any 

further depth in the time we had, or to have discussed it with 
the recorder importers, prior to writing this article. However, 
we hope to do so and to comment further on it later. In the 
meantime, there must exist some doubt about the high fre-
quency headroom of the recorder. The problems apparent 
arhigher frequencies became obvious during our distortion 
testing. The results of these tests are given in Table 1, 
although we have also included the analyser traces here since 
the broadband noise problem does become apparent. You 
should note that all traces have a linear frequency scale. 
Figures 7A and 7B show the electronics and replay distor-

tion at 21.5 Hz and O dB which can be seen is entirely due 
to circuit limitation. The source material is the Denon CD 
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Figure 9 (a), (b). Distortion at 1kHz for the electronics (a) 
and tape replay ( b). 
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Figure 10. Distortion at -24 dB source level is masked by 
the noise. 
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Figure 11 ( a), ( b). Showing the ultra high frequency 
difference products. 
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TABLE 1: Performance results summary 

Electronics 

20 Hz-20kHz, + /-01 dB 
n/a 

Frequency Response, OdB: 
Signal to Noise: 
Total Harmonic Distortion: 

21.5Hz, OdB 
100 Hz, OdB 

1 kHz, OdB 
10 kHz, OdB 
20 kHz, OdB 

-39.7 dB 
-64.6 dB 
-65.0 dB 
-64.0 dB 
-65.2 dB 

Replay 

20 Hz-20 kHz +/- 1 dB 
81 dB(A) 

-39.7 db 
-52.0 db 
-54.5 dB 
-31.2 dB 
-27.8 dB 

REO MONIT TRACK 24 

REPLAY TRACK 24 

RMS: 20 

BW: 954.135 Hz STOP, 105 000 Hz START, 5 000 Hz 
Xs 20000 Hz THDt-27.82 dB 

Figure 12 (a), ( b). Distortion increases at the top end of the 
audio band. 
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Figure 13 (a), ( b). The 1 kHz toneburst test proved very 
impressive. Note the phase shift. 

test disc 38C39-7147 through a Nakamichi OMS-5 player. Dis-
tortion at -39.7 dB is very impressive. Figures 8A and 8B for 
100 Hz show distortion on tape replay to be well above the 
electronics, both in harmonic terms and in broadband noise. 
At 1 kHz (Figures 9A and 9B) the same applies, although if 
anything performance is improved here. At —24 dB source 
level ( Figure 10) noise has become so dominant that distor-
tion on replay is not seen at all. 
At 10 kHz a different picture is starting to emerge. The 

(a) SOURCE TRACK 71 

START: 0 Sec 

(b) 

STOP: 4 mSec 

RECORD 

My 

START: 0 Sec 

(c) 

STOP: d mSec 

REPLAY 

START: 0 Sec STOP, 4 mSec 

Figure 14 (a), (b), (c). Source, record monitor and tape 
replay results with a 100 Hz square wave. 

source monitor record (Figure 11A) is showing the ultra high 
frequency difference frequency products found in testing of 
the OMS-7 CD player, as well as harmonic distortion due lo 
the JVC recorder electronics. On tape replay, perhaps as ex-
pected, all of the difference frequencies are gone (this must 
set a few minds thinking) while distortion has increased sub-
stantially, together with considerably more broadband noise 
(squelch, as my ears tell me). Table 1 will show just how much 
the distortion has increased. Distortion and noise at 20 kHz 
continued to increase as Figures 12A and 12B show. 
Performance with a 1 kHz toneburst is very impressive 

(Figures 13A and 13B) and for the electronics buffs you will 
be interested to see that replay response is phase-shifted. 
More challenging is a 100 Hz square wave for which the 

electronics did not appear nearly as impressive as we would 
have expected. Figures 14A, 14B and 14C give the source, 
record monitor and replay analysis for a 100 Hz square wave 
at -10 dB. With some amplitude error, the source is CD ac-
curacy, the record monitor disappointingly distorted and the' 
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Figure 15 (a), ( b). Intermodulation distortion products with 
11 kHz and 12 kHz mixed 1:1. A wide bandwidth trace is 
shown above, narrow bandwidth below. 
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Figure 16 (a), ( b). Intermodulation products (a) from 250 Hz 
mixed with 8020 Hz, 4:1 amplitude ratio. Input signal 
shown in ( b). 

tape replay only marginally more so. For these traces you 
should ingnore phase since there is no phase relationship be-
tween each trace. 
Intermodulation products are given in Figures 15A and 15B 

for 11 kHz + 12 kHz at 1:1 amplitude ratio. We have used 
two analyser bandwidths to show that difference frequency 
products exist at integrals of 1 kHz (i.e. 12 kHz minus 11 kHz) 
as well as summation frequencies of 23 kHz +/- 1 kHz, 34 
kHz and 35 kHz, and thereafter, noise. Our last distortion 
traces, Figures 16A and 16B, show intermodulation products 
with 250 Hz and 8020 Hz at an amplitude ratio of 4:1. Simi-
lar product frequencies can be seen in the traces although 
in this case we have shown the waveform as well. 
Our final performance test was impulse response (Figure 

17) which shows recorder replay performance with a logarith-
mic frequency trace. Each trace indicates two millisecond 
time advance from the rear to the front of the diagram. The 
major elements seen are transient response deficiencies at 
9 kHz and 575 Hz, whilst elsewhere the response is remark-
ably smooth. 

6 
dB 

/DIV 

RECORD TRACK 76 

BWt 95. 485 Hz STOP, 10 100 Hz START: 100 Hz 

Figure 17. Hi-fi audio response with an impulse source. 
The frequency scale here is logarithmic. This shows up 
transient response deficiencies at 575 Hz and 9 kHz. 

An Overview 

Subjectively, I did find the audio quality of this hi-fi VHS 
recorder to be very good. Without any apparent extra trills 
(i.e: Dolby etc) the machine has achieved performance qual-
ity potentially exceeding the best of current generation cas-
sette tape recorders. 
Given good loudspeakers and a high powered amp, the JVC 

is able to mix it for sound quality with the CD players. Whilst 
the CD does have the odd 20 dB up its sleeve in laboratory 
performance, it is very difficult to make use of that perfor-
mance without risk of hearing damage, neighbourhood com-
plaint or inhumane treatment to loudspeakers. I found that 
for most recordings off a CD source there was little deterio-
ration in overall subjective response, no background noise 
problem, good dynamic range, and everything else that the 
specifications suggest. The nagging doubt concerning audio 
performance is in respect of higher frequency headroom for 
which I will reserve my opinion. I did not feel that audio qual-
ity suffered for most source material, but driven hard the 
recorder must lose quality. 
Functionally, I feel it is a dog compared with most cassette 

recorders. Remember though, that these types of problems 
are only transient ones and once you have become used to 
the player this will probably not irk you greatly. Applications 
also for immediate audio use are restricted to your own 
recordings, since the machine is a video recorder and not 
an audio one. This has spin-offs since the cost per playing 
hour of video tapes is very much less than standard cassettes, 
but unless your friends have similar equipment you can for-
get taking your favourite tape to a party. Also, whilst three 
to four hours of high fidelity playing does sound initially at-
tractive I would have some doubts that this is really all that 
useful now that FM radio is becoming common throughout 
much of Australia. 

If there was a portable one though, with a good video 
camera or microphone and some improvement to high fre-
quency headroom — now there is something to work on! 
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HEAR THEM NOW! 
t›. 

DESIGNED BY DAVID TILBROOK, 
AUSTRALIAN ELECTRONICS MONTHLY. 

AEM-6102 
$680.00 pair 

These two hot selling high performance kit 
speakers are now being demonstrated at the 
locations mentioned beneath. Hear for yourself 
how these speakers outperform well known 
fully imported speakers costing 2-3 times more. 
How is it possible to get so much 
value for money? 
Because these kit speakers don't suffer from the 
usual 25% import duty, no 30-35% freight cost 
into Australia, no costly freight expenses within 
Australia, no 30% sales tax on these cost 
factors and no profit margin added to all these 
links, which fully imported speakers suffer from. 

Isn't it difficult to build them? 
Scan Audio, who is behind VIFA in Australia, 
has organized Australia-built x-overs, and 
professionally manufactured flat-pack cabinets 
to perform with David Tilbrook's specification. 
All you need is a simple toolbox, wood glue, 
soldering iron and some hours of your spare 
time— and you are the owner of a pair of Digital 
Monitors worth $1500 or $2500 respectively. 

What is the total price including 
cabinets? 
Right, here are the prices all included: 
AEM-6102 2-way 8" PC-woofer $680.00 pair 
AEM-6103 3-way 10" PC-woofer $1050.00 pair 

Who has the speakers on display? 
The following hi-fi and electronic stores: 

AEM-6103 
$1050.00 pair 

VIC: RADIO PARTS, 1097 Dandenong Road, East Malvern. 
RADIO PARTS, 562 Spencer Street, West Melbourne. 
FOOTSCRAY AUDIO, 142 Hopkins Street, Footscray. 
STEVE BENNETT HI-F1, 105 Shannon Avenue, Geelong West. 
BELAND ELECTRONICS, 294 Charman Rd., Cheltenham. 

TAS: WILLS HI-F1, 11 The Quadrant, Launceston. 
QUANTUM SOUND CENTRE, 194 Liverpool Street, Hobart. 
HI- F1 HOUSE, 32 Rooke St., Devonport. 

NSW: HEMPEL SOUND, 455 Penshurt Street, Roseville East. 
HI-F1 HOUSE, Cnr. Crown & Corrimal Streets, Wollongong. 
JAYCAR, Cnr. Carlingford & Pennant Hills Road. Carlingford. 
JAYCAR, 188 Pacific Highway, Gore Hill. 
JAYCAR, 117 York Street, Sydney. 
JAYCAR, 121 Forest Road, Hurstville. 
NEWCASTLE HI- F1, 642 Hunter Street, Newcastle West. 
BYRON BAY SOUND CENTRE, 58 Johnson St., Byron Bay. 

OLD: HANDO'S HI-F1, 70 High Street, Toowong. 
QUEENSLAND STEREO VISUAL, 28 Taigum Shop Centre, 
Taigum. 
JAYCAR, 144 Logan Road, Buranda. 

WA: ALBERTS HI-F1, 177 High Street, Fremantle. 
ALBERTS HI-FI, 396 Murray Street, Perth. 
ALBERTS HI-F1, 642 Albany Highway, Victoria Park. 

SA: MILTRONIX HI-FI, 125 Payneham Road, St. Peters. 
EAGLE ELECTRONICS, 55 Unley Road, Unley. 
INTERNATIONAL SOUND, 11 Carrington Street, Adelaide. 

ACT: DURATONE HI-FI, 3a Botany Street, Phillip. 
NT: SOUND SPECTRUM, 51 Stuart Hwy., Darwin. 

S'-' For information about speaker kits and reprints of the 
i Ca Pr y L id 2 a SoableoAvuesmtrae Australian speaker projects, please contact 

lauo  
SCAN AUDIO PTY. LTD. 52 Crown St., Richmond 3122. Ph. (03)4292199. 
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TRIO-KENWOOD 
Worldwide leaders for performance, quality 

and range. Now, new for 1986. 
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Delayed sweep 
Automatic video synch. 
Vertical axis output 
Variable hold-off. 
Single sweep mode. 
Improved performance. 
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CS 1 0 6 5 
60MHz 
3 channel 6 trace 

1 mV/d iv. 
12kV acceleration 
5nS/d iv. sweep 

CS 1 0 4 4 

Delayed sweep 
Improved dynamic range 
Automatic video synch. 
Vertical axis signal output. 
Variable hold- off. 
Single sweep mode. 
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44, /  

40MHz 
2 channel 4 trace 

1 mV/div. 
6kV acceleration 
20nS/div. sweep 

Variable hold- off. 
CH1, CH2, ALT, 
CHOP, ADD 
Vertical axis output 
Automatic video synch. 
Compact & lightweight 

And here's another twelve models to choose from: 
co 1303D - 5MHz CS 1040 - 40MHz 
CS 1352 - 15MHz ( Port.) CS 1060 - 60MHz 
CS 1021 - 20MHz CS 1100 - 100MHz 
CS 1025 - 20MHz CS 2075 - 70MHz 

CS 2110 - 100MHz 
CS 2150 - 150MHz 
MS 16506 - Memory 
MS 1660 - Memory 

For maximum performance and quality at the best price, call us for details or demonstrations 
of Kenwood oscilloscopes. We are located at: 

SYDNEY: 
Centrecourt 
25-27 Paul Street North, North Ryde. 
P.O. Box 261 North Ryde NSW 2113. 
Phone (02) 888 8777.Telex AA25021 

MELBOURNE: 
1064 Centre Road, Oakleigh South. 
Private Bag No. 1, Oakleigh South 3167. 
Phone (03) 575 0222. Telex AA33012 

PARAIIIETERSrd 

PERFECTION IN MEASUREMENT 

The Farwagi Company PAR6211 



Commodore 
expansion 
connectors 

Edge connectors to suit the popular Commodore VIC-20 
and 64 computers are hard to come by, generally ex-

pensive and have a different pin-to-pin ' pitch' to commonly 
available double-sided card edge connectors. 

Geoff Wood Electronics in 
Rozelle, Sydney, however 
stocks a suitable multi-pin edge 
connector with more pins than 
the Commodores need. 

It can be cut to size by the sim-
ple expedient of putting a hack-
saw through the connector body 

after the required number of 
pins. You might get several con-
nectors out of it. 
For a few bucks, how could 

you go wrong? Geoff Wood 
Electronics, 656A, Darling 
St, Rozelle 2039 NSW. 
(02) 810 6845. 

Fibre optics for 
the experimenter 

j ole 

If you thought fibre op-
tics was for the well-heeled 

or found only in engineering 
labs with big budgets, then take 
a look in the 1986 Tandy cata-
logue or the opto-electronics 
rack in your nearest Tandy 
store. 

Browsing around a local Tan-
dy store recently, we stumbled 
across their "Optical fibre, 
Tx/Rx Pair". This comprises a 
three metre length of fibre op-
tic cable and an emitter/detec-
tor set, complete with 
Applications notes. Catalogue 
numbers are, respectively, 
276-228 and 276-225. They cost 
$9.95 each. 

Some interesting and innova-
tive projects could come out of 
that lot. 

Jaycar gets 
toll-free 
`Telemair order 
line 

ydney-based kit and com-
ponent supplier. Jaycar, has 

installed a 'Telemail' 008 toll-
free order line for out-of-town 
customers. 

If you live outside Sydney or 
Brisbane, and regularly order 
your requirements by mail, now 
you can take advantage of the 
speed and reliability of using the 
blower for the cost of a local call 
only. 
You can "pledge your plastic" 

for your orders, and Jaycar 
accepts American Express, 
Bankcard, Mastercard and Visa. 
The magic number to ring. k 
008 022 888. 

Dick Smith's April 
catalogue ... 

ill appear in the month 
of May, lashed together 

with your copy of Australian 
Electronics Monthly! Sources 
within the organisation say the 
catalogue has been held over 
one month so they can shoehorn 
all their "... exciting new 
product lines into the '86 cata-
logue, including a great range of 
new 'high tech' kits for the 
hobbyist." 

Let us all hope it's worth the 
wait. Just as a week is a long 
time in politics, a month is a 
long time in publishing! 

RETAIL ROUNDUP 
Flatpack '3055 
n  opulanty ut the ' 3055 

NPN bipolar power transis-
tor is unquestioned. It's the 
workhorse in a huge variety of 
power transistor applications. 
Most people are familiar with 
the 2N3055 in the TO-3 package, 
but it also comes in a TO-220 
'flatpack'. Mind you, it doesn't 
have the 115 W dissipation of 
the TO-3 package, but it's not al-
ways called for, particularly in 
switching applications. 

All Electronic Components in 
Melbourne stock the Fairchild-
made FT3055 in the TO-220 flat-
pack. These sport a Vcb of 100 
volts and maximum collector 
current of 10 amps. And they 
cost just 70 cents. The advan-
tage of the flatpack is that it re-
quires just one mounting hole 
and the device may be pc board 
mounted. 

Available from All Electron-
ic Components, 118-122 Lons-
dale St, Melbourne 3000 Vic. 
(03) 662 3606. 

PROJECT BUYERS BUYERS GUIDE 
Your Hash Harrier' feature project, the AEM5505, will get rid of. 
or at least reduce, mains-borne problems like ' random reset' in per-
sonal computers, clicks and buzzes in the hi-fi and cracks and 
crashes in radio receivers. 
The FE- 1570-7501 toroids used in our prototype are made by 

the US company Arnold, kindly supplied by Magnetic Core & Al-
loy Distributors Ply Ltd, of Templestowe, Victoria. They are avail-
able retail through all Electronic Components, 118-122 Lonsdale 
St, Melbourne 3000 Vic. (03) 662 3606. The T-157-26 toroid made 
by Amidon of the US is an equivalent type, but not currently avail-
able. The T-184-26 is a stock type and may be substituted. Amidon 

toroids are imported and distributed by R.J. & U.S. Imports of Syd-
ney and available retail through Geoff Wood Electronics of Rozelle 
in Sydney, Electronic Components of Fyshwick in Canberra, Trus-
cott Electronics of Croydon in Melbourne and Willis Trading Com-
pany in Perth. The 9 mm x 194 mm ferrite aerial rod is commonly 
available. DSE stock it as cat. no. L-1401. 
The Varistors specified (V250LA15A or V250LA20A) are made 

by GEC and are also available through All Electronic Components. 
Dick Smith Electronics stocks them too, cat. no. R-1802. G.S.I. 
"Transorb" devices may be used in this application also. They are 
distributed by Promark in Sydney and Melbourne. 

Capacitors specified for this project are 630 V polycarbonate 
types. Such capacitors are made by Phillips, Siemens, Thomson-
CSF and Roederstein. They are distributed by, repectively, Philips, 
Siemens, Promark and Mayer Krieg. You may find suitable types 
stocked by All Electronic Components in Melbourne, Geoff Wood 
Electronics and Sheridan Electronics in Sydney. 
The 260 x 190 x 80 mm all- plastic instrument case specified 

for the Harsh Harrier comes from Jaycar, cat. no. HB-5910. The 
SAA-approved fuseholder is stocked by Jaycar, cat. no. SZ-2025. 

Constructors of the AEM2600 Peak RF Power Meter/Monitor 
should find little difficulty in obtaining parts as all commonly-
available devices and components have been specified. The 
10-LED bargraph display used in our prototype came from Jaycar. 

cat. no. ZD-1700. 
Printed circuit boards for our projects will, as usual, be availa-

ble directly from our offices, or over the counter from All Electron-
ic Components in Melbourne, Eagle Electronics and Protronics in 
Adelaide and Geoff Wood Electronics in Sydney. 
The Star Project, Dick Smith's nine element 144 MHz Yagi, will 

be available through their stores and dealers, cat. no. K6297. It 

costs 589. 
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The 'Hash Harrier' 
a truly effective mains filter 
Warwick Holmes and Jonathon Scott 
Does your computer suffer from 'random reset', your radio radiate 
rude raspberrys, your hi-fi catch you with clicks and crackles? 
Mainsborne 'spikes' and 'hash' are the likely culprits. This project can 
provide a most effective cure in the majority of cases and at an 
economical price. 

THERE ARE MANY "line filters" of one sort or another 
widely available from electronics retailers. The fact that they 
are not all equally worth what you pay for them should come 
as no surprise. This article discusses what they are intend-
ed to achieve, what is inside them, and some of the problems 
in devising an effective, economical unit for home construc-
tion. The design presented may be employed with a personal 
computer (and its peripherals), hi-fi or other audio equipment, 
and sensitive radio receivers. But first, let us look at what 
is ' inside' a line filter and the job they're intended to do. 

A small 'tin can' line filter can be obtained for a few dollars. 
These things have a few capacitors and coils inside a case 
a bit larger than a matchbox with 'input and output' termi-
nal lugs, or maybe some wires protruding. A box with a few 
power points, a mains flex and maybe a fuse or circuit break-
er, sells for anything from under a hundred dollars to sever-
al hundred dollars. One popular brand contains, in addition 
to the hardware visible from the outside, two of the above-
mentioned small metal cans, a voltage 'spike' suppression 
devices and sells for well over $200. More elaborate ones con-
tain a transformer and sell for many hundreds or a thousand 
or two dollars. 

All such units share a common aim. They seek to prevent 
'spikes', 'hash' and other electrical nasties from reaching your 
delicate, sensitive equipment. Unfortunately, they do not all 
do an equally efficient job on the different types of interfer-
ence; neither, as we said above, is it a clear case of "you get 
what you pay for". 
Indeed, as one might expect, there are degrees of protec-

tion available. Some filters will stop bigger nasties from pass-
ing than others. Also, some equipment (in particular, some 
computers) are more susceptible than others. We have been 
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offered thousand dollar filters that two men lift, and ten dol-
lar filters you can pocket. We have seen computers hiccough 
when their own printers were turned off, and seen standard 
HP computers operate faultlessly through electrical storms 
that anihillated half the gear in the same laboratory — from 
portable telephones to mainframes — permanently. 
There is a very considerable problem in deciding just how 

much protection you are best to spend money on. For the 
home computer user, nothing at all often seems most eco-
nomical. It always does, until you lose that vital file. When 
did you last backup those vital disks? How much could you 
lose in one go, if the directory is damaged on a disk? We're 
not insurance salesman, but line filters are insurance for your 
data. 
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A typical small ' metal can' type filter. 
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In the audio field, a great series of crackles on that special 
tape can be more than an annoyance. Crackles, buzzes and 
intermittent hash can effectively ruin any attempt to copy 
weak shortwave signals. 
With a computer, generally you know how sensitive it is. 

Mostly, a 'crash' due to a line ' glitch' only loses you what 
is in the memory — from a few minutes to a few hours work. 
If this happens as often as once a week, you have a very sen-
sitive computer or you live in an 'electrically bad' neighbour-
hood and you are likely to need a good line filter, badly. If 
it happens once a year, you may choose to put up with the 
occasional loss of data and accept the (very small) risk that 
the whole disk may be lost. 
Hence, the factors you need to weighup are: 1) How sensi-

tive your equipment is; 2) How nasty is the environment in 
which it must work; 3) How important your volatile and on-
line (computer) data, or audio tapes are. The first and second 
are usually summed by experience in the form of how much 
trouble you have had, if you have been operating without pro-
tection for a while. The last reflects itself in just how much 
you will pay to offset the risk of a freak incident, such as a 
thunderstorm, affecting your equipment. 
Throughout the rest of this article we'll refer mainly to 

problems with a home or personal computer as an example, 
principally because that's what led to us investigating and 
designing this project in the first place. However, similar 
principles apply to mains filters used with any other 
electronic equipment plagued with, or sensitive to, mains-
borne interference. 

Some electrical background 
Main's borne signals that can cause havoc have two salient 
properties. The first is their duration. Short-term, non-
repetitive signals are usually called ' spikes', fast transients, 
or sometimes 'glitches'. Short-term repetitive signals are often 
referred to as 'hash'. The last is often associated with mo-
tors where 'hash' is commutation noise. Slow variations may 
be called 'surges' or 'brownouts', depending on whether they 
are increases or decreases. (A brownout is not quite a black-
out, you see). They may just be slow, transient undervoltages 
or overvoltages. 
The second property of a spurious signal is more subtle. 

It may be either a common-mode or a differential-mode 
signal. 
The mains power is delivered between 'active' and 'neu-

tral', but there is this thing called 'earth' as well. Ideally, neu-
tral is the same as earth, and earth is just a safety measure. 
Unfortunately, this is rarely the case. The earth connection 
is usually made to neutral at the local substation, and in some 
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installations at the house fuse box as well. This means that 
it goes via a lot of soil, rock, wire and whatever else. There 
is inductance and resistance there, and you will generally 
measure voltage as well, because of the devious paths that 
the electrons take through the world while Mrs Smith's 
toaster is fusing itself, your stove is chewing 25 amps or old 
Mr Winthrop's new electric Flymo lawnmower is hovercraft-
ing into the swimming pool. 
The long and the short of it is that your equipment has three 

connections — what it sees as earth, active and neutral. There 
is the added complication that you do not actually know for 
sure which is active and which is neutral, especially if gran-
dad wired the extension or you have an old double adapter 
that reverses the connections. 
A differential-mode signal is a signal present between 

active and neutral. The mains voltage you actually want to 
use is one of these. (This fact will be important later.) A 
common-mode signal is one which appears between both ac-
tive and neutral together, and earth. 
Some examples will make this distinction clear. When there 

is an atmospheric discharge it likely reaches both active and 
neutral together, because they travel together. Hitting earth, 
it will likely do so without hitting active and neutral since 
earth travels apart from them. So a lightning-type disturbance 
is typically common-mode as it affects active and 
neutral equally, but does not affect the earth line to a simi-
lar degree. (It is also likely to be pretty fast in its appearance, 
but it may also have a long duration, thus producing a spuri-
ous signal with a very wide frequency content.) 
When the compressor in a refrigerator shuts off, the mag-

netic energy stored in the motor coils collapses, generating 
a substantial voltage. This is why switches in inductive cir-
cuits arc, and what capacitors across switch and relay con-
tacts are all about. Recall that the arcing is what wears out 
car points, despite their protection capacitor. The energy in 
the ' fridge motor tries to keep the current flowing against 
the switch's abrupt action. The current was in the process 
of flowing between active and neutral to push the compres-
sor, and so it is between the active and neutral lines that the 
disturbance is induced — a differential-mode signal. (It is also' 

LEVEL 
We expect that constructors of an 

INTERMEDIATE 
level, between beginners and experienced 
persons, should be able to successfully 

complete this project. 
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a fast transient because the energy from the collapsing mag-
netic field in the motor coils is soon dissipated.) 
You may think that because your computer (or other equip-

ment) derives its energy from current flow between the ac-
tive and neutral lines, that it should ignore the earth. 
Regrettably, stray capacitance between the earth and the 
other lines may induce currents in the earth line which will 
affect the earth voltage level. (Not applicable to computers 
far from planet Earth.) 

What should a line filter do? 
An " ideal" line filter will stop all differential-mode signal 
frequencies above 50 Hz, all common-mode signals irrespec-
tive of frequency, and will 'clip' (truncate) all voltage tran-
sients to the rated peak level of the mains (340 V for nominal 
240 Vac mains). There is, of course, no such thing as an 
"ideal" line filter. Some do not even make any attempt at clip-
ping transients at all. It is how close a filter gets to the ideal 
aims that distinguishes it from its peers. 
A line filter cannot handle brownouts or blackouts. Some 

more expensive ones can deal with minor brownouts such 
as might be the case far from a substation, but these often 
go by a fancier name than line filter (such as "line condition-
er"). They achieve their brownout compensation by switch-
ing transformer taps or some similar, but more clever, 
electronic lurk. 

Full blackout-immune power is the domain of continuous 
or "uninterruptible" power supplies. These operate by us-
ing the incoming power to charge batteries, and then build-
ing the mains voltage back up from the batteries when mains 
power is lost. However, better line filters do handle surges. 
This distinction is simply a product of the fact that it is easi-
er to build a gadget that can shed excess energy than it is 
to build one that can produce energy when it is lacking! 

TO FILTER A LINE 

1) The simplest circuit 
The most basic way of going about it is well known. In fact, 
you may find a circuit printed on the outside of some of the 
little metal cans filters. A typical circuit is reproduced in 
Figure 1. 

In each arm, one for the active and one for the neutral, there 
is a three-element filter network. This is called a ' pi' network, 
for the resemblance of the topology to the Greek letter. A pi-
network is used rather than a T-network (similar naming 
strategy — T has two bits horizontal and one vertical) because 
capacitors are cheaper than inductors. The T-network would 
require two expensive bits and one cheap one. There are 
other reasons why pi or T networks might be better but the 
cost angle probably dominates, we feel. 
Some can filters contain two pi networks in each arm, 

which combine to give a five-element arrangement. 
Filters such as shown in Figure 1 have a frequency response 

which rolls off above a chosen frequency. An ideal line filter 
would roll off above 50 Hz. For the response to start falling 
just above 50 Hz, the inductors and the capacitors would need 
to be fairly large values. This is where the trouble begins. 
Capacitors of mains rating and the necessary value get phys-
ically very big and expensive. Inductors of any value above 
a few tens of microhenries need to have a core of some sort, 
which means iron or a derivative, such as ferrite. A filter such 
as that in Figure 1, designed to roll off in the low kilohertz 
region, would have to be carried into the room by two beefy 
men and would not be cheap. Each inductor would require 
kilograms of metal in the core in order not to saturate! 
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Figure 1: Circuit of a typical small 'metal can type line 
filter. Notice that the two inductances forming the centre 
elements of each pi- network' are wound on the same 
former. 

In order that they be small and cheap, a roll off starting 
in the tens of kilohertz is accepted and a "clever" trick is 
used. The two inductors in the twin-pi filter are wound on 
the same core. They are wound and phased in such a way 
that the magnetic field set up due to the neutral line current 
is in opposition to that set up by the active line current, which 
is of course the same magnitude. Thus, the field each wind-
ing generates cancels that of the other and even a small core 
will not saturate. The dots on the windings in Figure 1 sig-
nify this phasing arrangement. A toroid must be used, in ord-
er that the mutual coupling be close to one, while the 
windings are kept physically separate. 
This idea is great in that there is then a decent inductance 

available in a small space. However, recall that we noted that 
the mains itself is a differential-mode signal. This winding 
arrangement neatly cancels the magnetic fields resulting 
from the mains signal, and also for all other differential-mode 
signals. Some of the nasties are differential, so they get 
straight through. Oops. The inductances cancel each other 
out wonderfully for differential-mode signals, preventing the 
mains saturating the core, no matter how much current your 
computer draws or how many turns are wound on the core. 
Trouble is, the same cancellation occurs for the unwanted 
signals too. This filter configuration, then, is next to flatly use-
less for differential-mode nasties, (up to where the load causes 
serious phase changes), although it has the acceptable value, 
size and cost of components! 
Before elaborating on filter design, it will be best to exa-

mine the problem of filter circuits some more. 

2) The simplest circuit in place 
The little metal can with the above circuit does not exist alone 
in the world. In fact, if it is in a line filter box, is has a mains 
cord from its input, the power source, and another to the load 
— your computer. (Fact: in a one metre piece of mains flex, 
the A and N wires each represent an inductance of about 
five microhenries. Not only that, but as they travel together 
in the sheath, they look like a transformer, just like the toroi-
dal one in the filter, except with bad mutual coupling and 
no iron core!) Furthermore, the computer presents a load im-
pedance, and the mains a source impedance. These are vir-
tually unpredictable in value in the real world. 
The effectiveness of a circuit as a filter depends very much 

on the load and source impedance that it sees. We will not 
digress here into what a computer looks like as a load, nor 
what the power point looks like as a source impedance. (Both 
vary distinctly with frequency, type of interference, and the 
load may vary with time within a cycle!) The point to note 
is that it is not possible to say just how well a filter will filter 
until you know the load on the end of it. Problems can 
arise in the common-mode situation if the equipment is well 
isolated from the earth for dc, but strongly coupled by 
capacitance. In this case, as the experienced electronics read-
ers will note, there is not necessarily any resistive impedance 



seen at all from either active or neutral to earth. Thus the 
common-mode advantage of such a circuit can be disrupt-
ed, or even reversed, by the reactive components ringing with 
the spike energy! 
Inductors sufficient for good filtering are either very large, 

heavy and expensive, or they come in counter-wound pairs 
which cancel out spurious differential-mode signals and are 
marginally adequate in value. Capacitors of reasonable cost 
and availability are also small in value. Actual effectiveness 
will depend upon the computer (load) and the mains supply 
(source impedance), both of which are unpredictable. 

3) Surge and spike clipping 
Spurious signals of excessive magnitude need to be reject-
ed. This function is not normally incorporated into the tin 
can filters, nor a lot of the fully-housed models, either. For-
tunately, there is a component manufactured especially for 
the job. It is called a Varistor, and it looks like a beefy, bi-
directional zener diode, electrically speaking. Normally look-
ing like an open circuit, it draws current rapidly if the applied 
voltage exceeds its rating, preventing a spike rising further 
in voltage. These beasties, usually GEC-made, are not hard 
to find on retailers' shelves. The ones we got looked like red 
disk capacitors, and cost a few dollars each. 

A commonly available Varistor — 
the GEC V250LA.15A. 

Varistors will get rid of a very large amount of energy for 
a brief period. They are rated at amps or tens of amps, de-
pending on the one you buy, but of course cannot get rid of 
many watts. This is acceptable, as surges are usually quite 
brief. In addition, they do not normally get hot, as they do 
not conduct much in the absence of spikes. 
Varistors will respond quickly, but only clip signals which 

exceed the normal peak line voltage value, normally seen on 
the line. Thus, if a spike occurs during the peak of the mains 
cycle, it will get clipped off, but if it comes near a zero cross-
ing, the spike can be up to the full value of the mains (340 
volts for a nominal 250 Vac supply) and not upset the Varis-
tor at all. (This fact will be used in our design to advantage!) 

4) Isolation transformer circuits 
A transformer very effectively removes common-mode sig-
nals, provided its windings are wound in such a way as to 
eliminate any significant capacitance that might otherwise 
conduct signals across the magnetic link. In addition, it natur-
ally incorporates large coils and a core which is not saturat-
ing at its rated power handling level. Further, the core is 
usually made up of plates, or 'laminations', to avoid eddy cur-
ent losses. The laminations are of a thickness suitable for 
eliminating 50 Hz loss, and generally no more, for cost rea-
sons. The same laminations become lossy at higher frequen-
cies. This is beneficial if you are actually trying to dissipate 
higher frequency signals, as in a line filter. 
Carefully designed isolating transformers are expensive. 

We suspect strongly that a major difference between suscept-
ible computers and immune ones is the quality of the trans-
former in the power supply. It is sensible, of course, to make 
this (necessary) component the isolating transformer. The 
transformers inside computers will eliminate much of the 
electrical interference that falls in the kilohertz to tens of kilo-
hertz region. They fall down on the job at a frequency which 
is determined by the interwinding capacitance; above the crit-
ical frequency the signals, particularly common-mode sig-

Typical appearance of mains-borne spurious signals. 
'Spikes' are generally non-repetitive or one-off events, but 
can sometimes appear at regular intervals. Spikes are 
generally high speed and of short duration, and hence 
have a considerable high frequency contents. Hash' is a 
repetitive type signal and will have a very broad spectrum. 

The peak level of a spike can be ' clipped' using a Varistor, 
which conducts heavily when the voltage across it exceeds 

its rating. 

The unwanted ' nasties' are attenuated by filtering, 
reducing their amplitude and frequency content. 

nais, leap' across the transformer primary and secondary 
windings. The simple line filters are intended to work with 
such transformers. They tackle, among other things, the 
higher frequency, common-mode signals. 

Regrettably, where the computer itself contains a very in-
effetive isolation arrangement, the line filter may need to do 
more of the protecting. In fact, if you encounter an extreme 
case of susceptibility to line interference where even a good 
line filter (or worse, ours) cannot deal with it, you may benefit 
from adding a simple isolating (240/240 V transformer; this 
will join with the filter to produce a very good overall filter-
ing function indeed. We have a computer whose printer can 
glitch it about every second time it is switched off. Our line 
filter can improve this situation to about once in eight, but 
it cannot eliminate the problem because of the ferocity of the 
printer interference. 

5) A practical and sneaky circuit ... 

This brings us back to the problem of designing an effective 
line filter. Clearly, it needs to use reasonable components. 
Very big inductors and capacitors are out. It must provide 
the best filtering function in common-mode that is possible 
with what components are reasonably available. It should 
do something to attenuate the higher frequency differential-
mode signals, rather than passing them straight through with 
the mains power. It needs to provide spike clipping, as we 
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KITSKITSKITSBRYANKIT KITSKITSBILLKITSNO1KITS 

NEW FACES 
Jaycar forges ahead in the kit department with two new 
faces We have a new kit Manager Bryan Francis 
Bryan's goal is to see that every Jaycar kit goes out 100% 
complete, right down to the last nut and bolt 
We also have a well known name back in the ranks Bill 
Edge is now with Jaycar You may remember that Jaycar 
purchased Bill Edge's Electronic Agencies some time 
ago Bill's goal is to ensure all the bits are on the shelf 
when Bryan needs them for his kits 
Bill and Bryan are working together to ensure Jaycar 
stays No 1 for Kits 

ADELAIDE DEALER 

Drop into Eagle Electronics and meet Malcolm Ling He 
stocks all Jaycar products and he is only too pleased to 
serve you 

Eagle Electronics 
54 Unley Road, Unger", SA 

Phone 08 271 2885 

MAIL ORDER CUSTOMERS 
Phone our NEW TOLL FREE NUMBER and place a mail 
order for over $ 75 and if you ask well give you a 

calculator FREE to add up your savings 

1986/87 
rATA OnlIF 

The NEW 1986/7 Catalogue out now. To get 
your own copy call In to any of our stores or 
send f 1 for post to P.O. Box 185 Concord 2137. 

100 pages cram packed with wonderful 
electronic goodies... 

TELEMAIL 008 
022 888 TOLL FREE 

 e 

(LOW COST SPEECH SYNTHESISER 

ONLY $39.95 

ARM 4504 - See ARM Feb 1986 
This is the real thing ti can be interfaced to any computer having 
an 8 bit I/O port lises the SP0256A-AL2 General Instruments 
chip DIP header and computer connector not supplied IC sockets 
are supplied 
Cat KM-3042 

(INTELLIGENT MODEM POWER 
SUPPLY - En684 See En March 1986 
The high quality power supply to suit the new Modern which is 
due out in May 
Cat KE-4715 

--" " -TOR 
The great device that allows you to play your compact disc 
Walkman through your car sound system See EA April 1986 
Cat KA-1645 

ONLY $ 32.00 

MODULE - These are the power amp modules that will 
be used in David Tilbrooks new stereo power amp See ARM April 
1986 
Cat KM-3044 

ONLY 1109.00 MONO 

UHF/VHF CONVERTOR 
This kit is about Ye the cost of a built-up unit It converts UHF 
signals to VHF so you can pick them up on your older type colour 
TV It is tuneable. so it covers more than rust channel 28 

JAYCAR 
FOUR SECTOR ALARM 

Cat KE 4698 

$26.95 

CD ATTENUATOR 
Cat KA 1624 

$7.95 

VIDEO FADER 
Cat KA 1626 

$19.95 

MOSFET AMP 
Cat KA 1622 

$89.50 

PEST OFF 
Cat KA 1620 

$44.50 

RELAY INTERFACE 
Cat KM 3028 

$44.50 

COURTESEY LIGHT 
Cat KM 3025 

$11.50 

FM TRANSMITTER 
KI 4'1 

18.95 

ELECTRIC FENCE 
Cat KA 1660 

$45.00 

ALGANON ROBOT 
Cat KJ 6500 

$189.00 

* 
No.1 FOR KITS 

DWELL TACHO 
Cat KA 1612 

136.95 

DIRECT INJECT BOX 
Cat 8E-4708 

$39.95 

PREAMP 
Cat KM 3030 

$269.00 

MODEM 
Cat KM 3040 

$169.00 

TUNER 
Cat KA 1635 

$399.00 
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"TREE OF KNOWLEDGE" 
SCIENTIFIC 8 ELECTRONIC KITS 
Jaycar is proud to announce a range of educational do-it-yourself 
kits from would you believe ISRAEL' 
each kit is beautifully packaged. They would make an ideal gift for 
the young aspiring scientist/engineer. The -electronics'' kits use a 
breadboard approach with specially moulded breadboard and 
connection dips. This saves the use of a potentially dangerous 
soldering iron with young children The solar power and physics 
kits have dozens of specially made components to ensure success 
in experiments. Each kit carnes comprehensrve documentation 

MICROCHIP ELECTRONICS 
Age 10 + Size 410 x 305 x 85mm 
Cat KJ-6691 

ONLY $45.00 

SOLAR POWER 
150 Experiments - Age 10 +. Size 410 x 305 x 85mm 
Cat KJ-6692 

ONLY $39.95 

PHYSICS 
280 Experiments Age 8 + Size 410 x 305 x 85mm 
Cat. 1(1-6693 

ONLY $37.95 

ELECTRONICS 
60 Experiments • Age 12 + Size 500 x 320 x 50mm 

Cat KJ-6694 

ONLY $ 32.50 

ELECTRONICS 
120 Experiments - Age 12 + Size 500 x 320 x 50mm 
Cat KJ-6695 

ONLY $42.50 

LOW COST SOLAR EXPERIMENTS 
Great fun and very low cost 
Cat KJ-6690 

ONLY $ 12.95 
FOR FURTHER INFORMATION ON 
THESE GREAT NEW KITS SEE OUR 

1986/7 CATALOGUE. . . 

JAYCAR TELEMAIL 
008 022 888 TFZE 

BOAT TRAILER/GARDEN SHED/BUILDING 
SITE ALARM - The Ideal simple alarm for the remote spot. 
This simple alarm is fully self-contained It operates 
with N/C reed When the switch contacts of the reed 
are broken, the alarm goes off and can only be reset 
by a hidden switch It is simple self battery powered 
and VERY easy to install A tnpwire can be used in 
lieu of the N/C reed to make an ideal boat/car trailer 
or caravan alarm Full instructions supplied 

GREAT FOR DETERRING VANDALS! 

Cat LA 5010 N OV $49.95 
11111111Mla 

)111111fflINIIr 

D-SUBMINIATURE FACTORY MADE LEAD 
SETS - ALL LEADS 2 METRES LONG 
Cat PL-0856 0825 Male to 0825 Male $28.95 
Cat PL-0855 0825 Female to DB25 Female 

$28.95 
Cat PL-0854 DB25 Male to Centronics• 

128.95_ 001 
T‘s (•57 series ribbon connector) 

PLAYMASTER HI FI TUNER 
DEMO CASSETTE 
(AEM 6010 DEMO ON SIDE '13') 

Simply send $20 to our P.O. Box and we will send you a 
recording of the superb sound of the Playmaster AM/FM 

Stereo Tuner. 
No longer will you need to guess what it sounds like. Let us 
flip thru the stations for you! 
Also included are typical sounds from the AEM 6010 "Ultra 
Fidelity- preamp. Note the fantastic signal to noise ratio.!!! 
Recorded on High Quality non magnetic stainless steel neo-

ferric tape! 

laycar 
ELECTRONICS 
Incorporating ELECTRONIC AGENCIES 

Carlmgford. Hursiville Gore Hill. Brisbane Mon Fn 9am 5 30pm 
Sydney and Concord Mon Fn 8 30am 5 30pm 

Sydney CarInford. Hurstvtlle Thursday nights until 8 30pm 
Brisbane Thursday night until 8pm 

Sydney CarlIngford Hurstville Brisbane • Saturdays 9am12 noon 
Gore Hill - Saturday 9am 4pm 

CONCORD NOT OPEN ON SATURDAYS 

NUMBER 1 FOR KITS 

N.S.W. 
SHOWROOMS 

FREE VIFA SPEAKER KIT 
DEMOS! 

Enjoy the sound of the magnificent new VIFA speakers in 
your own home! 
Simply telephone any store (except Concord) during trading 

hours. 
The Jaycar Salesperson will direct the telephone to the VIFA 
demonstration area, turn up the volume & presto! You hear 
the magnificent sound of these kits in your own home!! 
A great way to convince your wife. . . 

BOTH OFFERS END WEDNESDAY APRIL 30 

QUEENSLAND IMAM& 144 Logan Road Tel ( 071 393 0777 
MAIL ORDERS: PO Box 185, CONCORD 2137 

HEAD OFFICE: 115-117 Parramatta Road. CONCORD 2137 
Tel ( 021 747 2022 Telex 72293 

POST a PACKING 
$5 $999 $2 00 
SIO 824 99 93 75 =ra. 
825 94999 54 50 i e - 

SYDNEY: 117 York( Street Tel ( 021 267 1614 
CAELINGPORD, Cnr Carlingford 8 Pennant Hills Road Tel 102i 872 4444 
CONCORD 115/ 117 Panama. Road Tel 1021 745 3077 
HORSIVIIIE: 121 Forest Road Tel 102) 570 7000 
GORE ROL 188/192 Pacific Highway iCro BeSevue Avenue) Tel 1021439 4799 

or? 

$100 9198 88 00 
Over 8 ied $1000 rr 

S6 50 850 599 99 

COMET ROAD FREIGHT ANYWHERE IN AUSTRALIA ONLY 513.50 
 AINIMF 
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have noted that this is not so difficult. An isolating trans-
former is only necessary where the problem dictates its use. 
It's a waste if your computer has a good one inside already. 
Instead of this, it should be designed to work well with an 
isolating transformer which can be added, if needed, later. 
The circuit employed in our project pretty well meets all 

these requirements. 
A word should be said about the coil cores, as these have 

been carefully selected. The core material does not neces-
sarily have to produce large inductance coils, nor have good 
high frequency performance. As the frequency gets above 
the 100 kHz to 1 MHz region, less inductance is required and 
core loss is actually desirable since we are trying to get rid 
of signals in that range! The core loss appears as an equiva-
lent resistance in series with the coil. We tried a number of 
core types for the L1/L2 stage, including iron powder toroids, 
molybdenum permalloy rmumetall toroids and a short length 
of water pipe! Several toroid cores are recommended. The 
US-made Arnold types FE1570 7501 (iron powder) and 
A254168-2 (moly permalloy), kindly supplied by Magnetic 
Core and Alloy Distributors of Melbourne, have high perme-
ability at low frequencies, giving large inductance, and very 
high loss indeed at the higher frequencies. A graph of per-
Measured curves for inductance (black) and loss resistance 
(blue) versus frequency for a variety of core materials. 

AIR 

aesmaffla SCUD IRON 

1570-7501 

A254186-2 

amnia: SCUD IRON 
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• 
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10 
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V72 
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VARISTORS V71, VZ2,V73 
ARE TYPE 
V250LA15A 

formance of some L1/L2 coils with various core materials is 
shown here. The moly permalloy core is slightly superior to 
the iron powder core, but costs considerably more. Amidon 
toroids, also US-made, from R. J. & U. S. Imports of Sydney, 
have one type that is closely equivalent to the Arnold 
FE1570-7501, which is the T-157-26, but it is apparently not 
a stock item. The T-184-26, a slightly larger unit, may be sub-
stituted with similar results. 
The core cross-sectional area should be around 1 sq. cm. 

The iron pipe core was around 0.7 sq. cm, which accounts 
for its slightly lower inductance, limited by what we thought 
a practical length and thickness of pipe might be. 
There is a lot of leeway on the inductance values. With the 

L1/L2 coils wound on FE1570-7501 toroids, we got 80 uH. 
The L3/1.4 coils were wound on short lengths of 9 mm di-
ameter ferrite 'antenna' rod, each being 48 uH with the turns 
specified. 

Construction 
A single printed circuit board holds all the filter components. 
The two major filter sections are separated and the board 
can be cut lengthways between them, if so desired, for mount-
ing the filter in a different housing to the prototype shown 
here. Actually, the unit in the photographs was built by the 
AEM lab, lads, the original being housed in a diecast box with 
two pc boards mounted one above the other. Choice of hous-
ing is up to you, unless you purchase the project as a com-
plete kit. The 'electronics' could be wired-in to an appliance 
if you wish; it's as good at filtering hash getting out of an 
appliance as it is at stopping hash getting in. 
Two dual power outlet sockets are provided. No. 1 provides 

a point of attachment for less hash-sensitive equipment 
(printers, plotters, power amps etc), while No. 2 provides an 

How the coils are wound. 
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outlet with two stages of filtering for the more sensitive items 
(computer, monitor, preamp, tuner etc). Note that, while a 
pair of dual switched power sockets are used on the outputs, 
we have included a line switch on the input. The utility of 
this, if not immediately obvious, will be readily apparent once 
you've had a unit in use for a while. 
For convenience, printed circuit mounting screw terminals 

are used to make connections to and from the circuitry on 
the pc board, The terminal block to which the mains input 
leads are terminated is simply bolted to the pc board in a con-
venient position as can be seen from the board overlay and 
internal photograph. 
There is some choice of capacitor values, you will note 

from the parts list. The actual value is not too critical, but 
stick to the range specified for best results. Polycarbonate 
capacitors rated at 630 Vdc (250 Vac) are specified. These 
have a ' self-healing' dielectric in the event of dielectric 'pun-
chthrough' caused by a high voltage transient which other 
capacitor types cannot safely withstand. Disc ceramic cap-
citors of 1000 Vdc rating could be employed for the lower 
values specified (15n and 150n), but are not recommended. 
Polycarbonate capacitors are available through a number of 
distributors and several retailers — see "Project Buyers 
Guide" in the Retail Roundup column in this issue. 

Start by winding the coils. The accompanying diagram 
gives the details. The solenoid coils (L3/L4) are the easiest. 
The 200 mm length of ferrite rod is parted into four pieces, 
much as you part-off glass tubing. A shallow mark or nick 
is made with a small triangular file in the side of the rod 
where you desire to part it, to a depth of less than 1 mm. The 
rod is then broken by pressing the rod firmly but gently 
against the benchtop in the direction that propogates the 
crack started with the file. The four solenoids each takes 28 
turns. Grommets are slipped on the end after completing the 
windings. These serve to protect the wire and to prevent the 
rod falling out of the coil as the wire naturally springs away 
from it a little. Scrape clean and tin the ends of each sole-
noid coil. There is no need to attempt any insulation of the 
rod and wire as the whole winding is at the same potential 
and the ferrite an enamel coating on the wire are sufficently 
insulating otherwise. 
Winding the toroids requires some care. The two windings 

must be phased correctly, must be separated from each other 
on the core, and must have exactly the same number of turns. 
Failure to ensure this point will ensure the filter does not 
work! If the number of turns differs, the core may saturate 
due to the imbalance of magnetic fields from the windings. 
The toroids specified have an insulating coating of enamel 
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CIRCUIT DESCRIPTION 
Referring to the circuit diagrams, three significant sections can be 
seen. These will be called the first filter section, the surge clipper 
section and the second filter section. Apart from these are sun-
dries like the power switch and indicator, and the fuse holder, etc. 
The first filter section consists of a twin-pi LC filter. The toroidal 

cores carry matched pairs of coils, so phased as to have the mag-
netic field due to the neutral current cancelling that from the ac-
tive. This prevents the large and relatively slowly changing current 
of the normal ac mains saturating the core. Because of this (neces-
sary) effect, the parallel capacitors, which combine with the differen-
tially perceived inductances to filter differential signals, are rather 
large — 1 uF in our prototype. The capacitors to earth are con-
siderably smaller, since the toroidal inductances are not cancel-
ling with respect to common mode signals, and thus have much 
greater filtering effect. RI reduces switch-on surge through Cl. 

Following the first filter section is the first outlet. Placed directly 
on the line to the outlet are three Varistors. These clip peaks that 
exceed some 350 volts (the peak value of the 240 volt mains). The 
Varistors are placed between the filter sections because, in this 
location they can clip any spikes generated by appliances connect-
ed to the first outlet which might otherwise reach the second out-
let, and because they see the impedance of the first filter stage 
in series with any spike source external to the whole line filter, which 
reduces the peak current that they may have to draw in any fault 
situation. (Note that major fault situations, such as line surges or 
lightning strikes will originate from the supply side of the first filter 
stage.) 
There are three Varistors, in order to be able to deal with both 

common-mode and differential-mode overloads and spikes. The 
peak voltage between any two connections is limited to the same 
350 volt level. 
The second filter stage has the same topology as the first, but 

uses plain solenoids rather than toroids. This strategy confers one 
advantage, and pays one penalty. The advantage is that the in-
ductance is not compromised for differential signals as is the case 
with the saturation-cancelling strategy represented by the toroids 
The penalty is that the supply current will saturate the solenoid 
cores. This will reduce their effectiveness as the current approaches 
its peak value. (In many switchmode supplies this only occurs 
within five volts or so of voltage peak). However, at me peak, the 
Varistor's protective capability is at maximum, and hence these 
two mechanisms tend to cover the whole cycle working together. 
Because it is considered more likely that differential interference 

signals will be generated by appliances at the first outlet, the 
differential related capacitors are again larger than the common 
mode ones in this filter. (Much of the common mode signal will have 
been attenuated in the first stage, which strongly favours blocking 

this type of signal). R2 discharges any stored charge in the caps. 
The fuse is selected to protect the unit from overheating. The 

gauge of winding wire used makes four amps acceptable. The 
whole device is "nominally" rated at 2 Amps continuous. 
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aem project 5505 
paint and there is no need to insulated the windings from 
the core material itself. If. for some reason, you use uninsu-
lated toroids. then it would be wise to wrap them with two 
layers of electrician's tape. Uncoated cores have limited in-
sulation breakdown capabilities and the corners may score 
the wire's enamel insulation with the likelihood of a short 
circuit occurring between the opposite windings. directly 
across the mains. 

About 20-25 turns will fit on the toroids without overcrowd-
ing. the actual number is not critical, provided each winding 
is identical. Of course, the more turns you have the more in-
ductance results and the better they are from a filtering view-
point. Once the coils are wound, a drop of hot-met glue on 
each end will hold the windings in place, but mounting them 
on the pc board achieves the same end so this measure is 
not all that essential. 

AEM5505 PARTS LIST 

Semiconductors 
VZ1, 2, 3 . V250LA15A or 

V250LA15A 
GEC Metal oxide Varistors 

Resistors 
Ri   15R, 1/2 W 5% 
R2   560k, V2 W 5% 

Capacitors 
C 1   470n- 1u/630 Vdc 

polycarb. • 
02-05 15n/630 Vdc 

polycarb.• 
C6 470n-1u/630 Vdc 

polycarb.• 
C7 C8   15n/630 Vdc 

polycarb.• 
C9 C10 470n-1u/630 Vdc 

polycarb.• 
cii -cia   150n/630 Vdc 

polycarb.• 
C15   470n-1u/630 Vdc 

polycarb.• 
016. C17   150n/630 Vdc 

polycarb.• 
018   470n-1u/630 Vdc 

polycarb.• 
"see text. 

Miscellaneous 

AEM5505 pc board; two toroidal 
cores e.g: Arnold FE1570-7501 
or A254 1682 605.8, or Amidon 
T-157-26 or T-184-26; ferrite 
'antenna' rod 9 mm diameter and 
about 200 mm long; one 6-way 
and three 4-way pc-mount screw 
terminals; illuminated DPDT 
mains switch (e.g: DSE cat. no. 
S-1506 or Jaycar cat. no. 
SK-0982); SAA approved 3AG 
fuseholder (e.g: Jaycar cat. no. 
SZ-2025 or Tandy cat. no. 
270-9602); 3AG fuse, 5 A; 
Instrument case 260 x 190 x 80 
mm (e.g: DSE cat. no. H-2507, 
Jaycar cat. no. HB-5910); 10 
metres of 1.0 mm or 1.2 mm 
enamelled copper wire; five 
metres of three-core 10 A mains 
flex; 3-pin mains plug; two dual, 
switched power points; mains 
cable clamp grommet; five 6BA 
bolts; one 6BA nut; four 4BA 
bolts and nuts; two-way terminal 
block; heatshrink tubing; 
Scotchcal panel label. 

Expected cost: $45-$52 

(electronics only) 

$75-$95 complete 
(depending on hardware) 



Now you can start on the mechanical bits. Details for cut-
ting and drilling the front and rear panels of the case speci-
fied are given in drawings at the end of the article. If you 
use any other housing, you'll have to work out the details for 
yourself. The unassembled pc board may be used as a tem-
plate for locating mounting hole positions. The box speci-
fied has 'lands' in suitable positions and the board is secured 
with short PK screws. 
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With the mechanicals out of the way, the pc board may be 
assembled. There's no strict order of assembly, but you may 
find it easier to mount the coils first, then the screw termi-
nals, followed by the capacitors, Varistors and two resistors. 
Mount the mains input terminal block last. Check everything 
thoroughly when it's completed. The board may be screwed 
in place in the case bottom and the major components as-
sembled to the front and rear panel. The wiring diagram is 

Full-size artwork for the pc board. 
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PROOF OF THE PUDDING 
Apart from trying it under different circumstances with computers 
and peripherals, with pleasing results, it was decided to try out the 
project on a well-known mains-borne nasty' which could be made 
to occur at will. 
We have a gas stove at home which features an electric spark' 

lighter. This gizmo generates a substantial voltage when triggered. 
and couples a particularly tenacious spike into the house mains 
Every time it's used, my Series 5000/6000 Series hi-fi system 
delivers a sharp, loud ' crack!' from the speakers. Try as I might, 
short of powering it all from batteries, I could not get rid of this spike. 

With the hi-fi system powered via this project, the mains-borne 
spike was effectively eliminated. A little directly-radiated signal from 
the spark is evident, but substantially attenuated. 

David Tilbrook 
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REAR PANEL DRILLING 
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21627 
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SEE ' RETAIL ROUNDUP FOR A 
GUIDE TO KIT SUPLIERS WHO 
MAY STOCK THIS PROJECT 

WARNINO— 

NE TON Of THE POWER SMITC71 .SW1. SHOULD BE CAREFULLY CHECKED TO 
ENSURE THAT THE CONTACTS SNITCH IN NE CORRECT WAY. 
THIS IS NECESSARY BECAUSE NOT ALL SNITCHES HAVE THE SAME CCN TACT ARRANGEMENT 

INSULATE THE TWO UNUSED TERMINALS (eg.HEATEHRINK) 
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Wiring diagram. Take great care with active (A) and neutral 
(N) wiring. The earth wire on the incoming mains lead 
should be longer than the two active and neutral leads for 
safety should mechanical strain break the other two. 

given at the end of the article. Leave the mains input power 
cord till last. The interwiring is completed with wires stripped 
from mains flex. The outlet sockets are wired to the on-board 
screw terminals with short lengths of mains flex as can be 
seen from the internal photograph. Maintain the convention-
al mains cable colour-coding: Active — brown or red, Neu-
tral — blue or black, Earth — green or green with yellow 
stripe. Cover the exposed fuse and switch terminals with 
heatshrink tubing for safety's sake. 
After a thorough check, assemble the case, insert a 5 A fuse 

in the fuseholder and you're ready to ' harry that hash h-away'! 

4Internal view of the completed unit. 



PRE 'CATALOGUE RELEASE' 

A1111116 11111111)el 
RF SIGNAL 
GENERATOR 
Inexpensive generator that checks and 
aligns IF circuits, tuners, etc. 100kHz - 
150M Hz frequency range in 6 
overlapping ranges with +/- 1.5% 
accuracy. RF output: 100mV rms 
approx. ( up to 35MHz). Modulation: 
1kHz internal, 50Hz-20kHz external. 
Audio output: 1kHz/1V rms, fixed. 
Crystal oscillator: 1-15MHz external with 
FT243 holder. Supply voltage: 240V 
Cat Q-1312 

te 

8V/180mA 
SOLAR PANEL 
Gathers the Sun's rays and generates 
enough power to operate small 
appliances like a radio or tape player 
PLUS perform solar experiments. 
Campers will find it a practical benefit 
out in the bush while schools and 
Techs can apply it to studies. $69 
Cat Z-4860   

M SIGNAL HI POWER 
GENERATOR 2m FT-209RH 
A ' pigeon pair' for the RF signal 
generator Q-1312 opposite. Square/sine 
wave output with wide 20Hz - 200kHz 
frequency range. Highly accurate: +/-
3% - 2Hz. High/low unbalanced output 
control (-2000dB) with a fine adjuster. 
20Hz - 20kHz sine wave output: 5V rms 
maximum at 1% or less distortion. 20Hz, 
10V ( p- p maximum) square wave 
output: 0.5us rise time. Synch: +/-3% of 
oscillator frequency per V rms. 
Cat Q-1310 

YAESU NC-15 
QUICK CHARGER 
Cradle-type charger/supply offering 
fast charging of either FNB-3 or FNB-
4 Ni-Cads (approx. 2-3 hours) with 
automatic charge sensing. Doubles 
as a handy base supply. Was $159 

Hand-held Yaesu transceiver 
with more than just a 'hand full' 
of features. 10 Memories for 
favourite repeaters, simplex 
channels and even repeater 
split. Convenient keyboard entry 
for frequency and memory. LCD 
displays frequency, repeater 
split and memory channel. 
Yaesu's renowned Power Saver 
System conserves the battery by 
activating the receiver for 
periodical checks. Boasts an 
impressive 5 watt ouput. 
Cat D-3503 

'399 
GALAXY LCD 
PANEL METER 
3.5 Digit, 200mV FSD panel meter makes 
an ideal replacement for analogue meters 
which are susceptible to movement. LCD 
display provides accurate readout and 
can be seen even under adverse light 
conditions. 
Cat Q-2200 $3995 

CAPACITORS AT BARGAIN PRICES! Save 20% 81 more on 
purchases over $100 for one 
month only or while stocks last 

DESCRIPTION 

Cap Tant 25V 10MFD 
Cap Green 100V 5PCT .1MFD 
1/4W Resistor Pack (300 piece) 
Cap Electro RT 10V 100MFD 
Cap Electro RG 75V 8000MFD 
Ceramic 50 Volt .01uF 
Capacitor Pack-Polyester 
Cap Electro RB 25V 1000MFD 
Cap Tant 35V .1MFD 
Cap Green 100V 5PCT 0.01MFD 
Cap Tant 6.3V 47MFD 
Resistor Pack 1% 300PC's E24 
Cap Eectro RB 25V 4.7MFD 
Capacitor Pack-Ceramic 

CAT No. 

R-4750 
R-2100 
R-7010 
R-4125 
R-4590 
R-2321 
R-7040 
R-4450 
R-4700 
R-2055 
R-4770 
R-7020 
R-4310 
R-7050 

WAS 

.40 
$14.95 

.15 
$9.95 

.95 

.65 

.25 

.85 
$17.95 

.22 
$4.95 

NO 

.85 

.28 
66.95 

.32 
611.95 

.12 
67.95 

.75 

.50 

.20 

.65 
$14.35 

.17 
$3.95 

DICK ffH 
ELECTRONICS 

153A/MM 
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ARGUS 726 MAGNIFIER 
WITH LAMP FOR CLOSE 
UP WORK 

Don't strain your eyes on intricate PCBs... or 
even ruin a project! Invest in the Argus 726 and 
open your eyes to an easier, precise working 
method. New thermo plastic magnifier (with 
20% glass) magnifies 1.75 times: you'll really 
see what you're doing. A 40 watt incandescent 
lamp floods working area with light. The two 
spring-balanced arms can be extended up to 
95cm and the magnifying head adjustable for 
optimum viewing angle. 
Cat S-4000 

SUPER SOLDER SPECIALS! 
If there's one thing every hobbyist, handyman or 
serviceman needs it's solder... and DSE have 
solder for every job! 

Corrosion-free multicore solder. 1.25mm ( 18g), 

200 grams. Was $6.50 55 
Cat N-1619 

0.75mm (22g), 200 grams. $5 
Cat N-1623 Was $6.50 
Hobby Pack: 0.75mm (22g) 
Cat N-1636 Was $1.30 95e 

International standard reference book containing a comprehensive 
listing world-wide radio and TV stations: frequencies. addresses, 
call signs, IDs, etc. Plus special interest feature articles written by 
relevant data. 
experts. Even though it's last years edition there's a wealth of 

Cat 8-2085 

The Bible of TVRO reception by 
expert Martin Clifford. Details siting 
and installing base stations, 
specifications on satellite orbit-
uplinks and downlinks. Everything 
You could ever possibly want to 
know is in this 250 page book! 
Cat 8-1841 

If you own a CB this inexpensive 
book is invaluable! It guides you 
through the maze of technical 
data in clearly written, plain old 
English. Handy trouble shooting 
hints may save you time and 
trouble. Your CB is too valuable 
to be out of action.., and with this 
sensational book it won't be for long. 

Cat 8-2330 $950 

8.1538/RE 
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Need a transformer? 
DSE have an array of transformers for almost every conceivable 
application: trade, hobbyists... you name it! And even better 
news: now you can SAVE $$$! Check out the transformers below. 
There's bound to be one for your particular requirements. 

TOROIDAL 
Primary windings: 0-240V at 3.33 A rms 
(orange - orange). 
Secondary windings: 
0-45V at 3.33 A rms(red - yellow). 
0-25 V at 3.33 A rms ( blue-grey). 
0-15V at 200mA rms ( green - violet). 
0-15V at 200mA rms ( black - white). 
Standard wiring tolerance: +/- 5%. 
Cat M-1600 

M-0150 
Primary: 240V, 50Hz. 
Secondary voltage: 2x47 V. 2x15V. 
Secondary current: ( 47V)3A ea. ( 15V) 
0.5A, ( total 300VA) 
Terminations: Flying leads. SAVE $ 1° 
Cat M-0150 

'49 sAves" 

DSE2840 
Primary: 240V, 50Hz. 
Secondary voltage: 

Secondary current: 150mA sitve 81'25 
Terminations: Flying leads. 
Cat M-2824.4 

ne. 

Power 
Supply $6 50 
9V DC , 200mA \,  
For all equipment requiring 9V DC ( at about 9V transistor 
battery drain) — many other devices too. Simply plugs 

into 240V mains. Cat M-9514 

DOUBLE 

TH 
FUN 

'2" 

FREE POWER! 
14.5V SOLAR 

PANEL 

SAVE 

40 

ore' 

$41 59 
Cat Z-4850 

Produce electricity from the most reliable source in the Universe: the Sun... 

and its free! Campers. bushies, boat owners and even hermits can enjoy 

some creature comforts miles from civilization. Add a rechargeable battery, 
and the panel should be able to give you enough oomph for, say, a black & 

white portable TV set CB, etc. Provides 5W  maximum (+/- 100/0)typical. 
14.5V and 350mA at maximum output. Easy to install, measures 34.7 x 33cm 
and weighs only 1.4kg. Supplied with 1.8m 16 gauge cable. 

MINI SOLAR PANEL 
wee $2.00 mélideowom6 

—rarer. 

aàààà  là ill 
WP9Pieer,9)rPi 

Double the fun! Buy any 
of these OSE Fun Way kits and 
choose another (of these!) 
absolutely FREE! 

Binary Bingo 
Cat K-2668 

Electronic Two Up 
Cat K-2661 

Electronic Lil Pockey 
Cat K-2662 

Mini Colur Organ 
Cat K-2664 

See page 44 for address details 

$10.95 

$5.95 

$11.95 

$5.95 

' 

sore 950 

Compact electricity generator for hikers, RV 
owners, yachties... anyone who needs to 
power appliances or recharge batteries. 
Measures only 63/4 " x 8 3/4 " x 3/16" and 
weighs a mere 13oz. So it's small enough to 
pack a ruck sack, etc. Produces an 
impressive 16V/180mA output for a range of 
applications: add a rechargeable battery and 

its capabilities are greatly extended. A must 

for your camping trip! 

$99 

Cat Z-4855 

Was $149 

Electronic Minder 
Cat K-2660 

Flashing Brooch 
Cat K-2621 

Wireless Microphone 
Cat K-2631 

Light and Sound 
Cat K-2665 

Combination Lock Switch 
Cat K-2666 

B153C/RE 

$3.95 

$2.95 

$6.95 

$4.95 

$7.95 
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CABLES & WIRE 
Cable, Mini Spi Twin Lo Volt W-2010 Was . 25 Now .20 
Cable, Mini Twin Heavy Duty W-2012 Was .30 Now .24 
Twin Shield Flex PVC Cover W-2037 Was .90 Now .70 ' 
Cable, SC4 for Shield W-2038 Was $ 1.30 Now $1.05 
3 core power m/plug; 1.8m W-2057 Was $ 1.95 Now $1.55 
Cable, rainbow 12 core W-2045 Was $ 1.45 Now $1.15 
Cable, SC1 shielded single W-2030 \Nas .35 Now .25 SP* 
Wire H/H, 23/0.20 Red W-2260 Was . 25 Now .20 
Wire H/U, 32/0.20 Blue W-2282 Was .35 Now .25 bei,SISP4 
Wire H/U, 10/0.254 Red W-2240 Was . 18 Now . 13 21:rio 

WHILE STOCKS LAST 

WOW! PLUS IF YOU PURCHASE 
100m ROLL A FURTHER 5% OFF 

6 BAND RADIO 
WITH 
HEADPHONES! 
One of the most affordable introduction into shortwave 
listening you'll find anywhere. Tune into local AM/FM 
station PLUS 4 shortwave bands: 2.3 -4.1MHz, 4 - 
7.5MHz, 7.5 - 15MHz and 15 - 26MHz. Compact size 
makes it ideal for home and outside enjoyment. And it 
comes complete with a pair of quality stereo 
headphones - absolutely free! 
Cat D-2835 

BARGAIN 

300W 
DUMMY LOAD 
50 Ohm ceramic resistor with high overload tolerance... 
handles 300W for 30-seconds, 75W for 8- minutes. 
Fitted with an SO-239 connector. Offers a VSWR of less 
than 1.1:1 frc.m DC to 30MHz, and 1.5:1 max. to 
150MHz. Size: 45x55x155rnm, 
Cat D-7030 

JUST sAvE"° 

$6995 

LED MOUNTING 
BEZELS FR 5mm... Pk/15. 

STEREO 
SIMULATOR KIT 
Like to hear all those favourite old video 
movies in stereo? Now you can! Its easy 
and inexpensive. This marvelous DSE kit 
takes just a little time and presto... your VCR 
will sound like a new ( and expensive) 
entertainer. It turns almost any mono signal 
into surprisingly good synthetic stereo. 
Cat K-3421 

1 7 95 

Was $23.95 

WOW! As described in EA 

ULTRA- FIDELITY 
PREAMP 

A magical kit that can improve the 
performance of your amplifier. The 
popularity of CD players has lead to an 
increased burden on many amps: higher 
signal slopes, dynamic range, etc. This easy 
to assemble kit has been designed for 
improved dymanic range, noise, distortion 
and frequency response characteristics. 
Maximum output: > 20V rms. Freq. 
response: +/-0.2dB typical with 10.0 
components. THD: < 0.001 0/0/100 mV, 
100Hz-10Hz(MM cartridge): < 0.0040/0/100 
mV, 100Hz-10kHz ( MC cartridge). 
Cat K-3037 

or otherwise, why not ' dress up' you LEDs for that added 
When making up projects that have LED power indication 

« professional touch. Our reduced price makes them even $ 
more affodable than ever: 5 cents each!! 95 •e;,•.„, 4 

Cat H-1910 

Were 7 Kc Was $69.50 
$1.05 %IF 

19" RACK 
MOUNTING CASE 

ADJUSTABLE CABLE CLAMP 
Heavy-duty nylon inter- locking clamps with adjustable 
diameter. Use for securing computer or mains cables, 
terminating power cords. etc. Pk. of 5. 
Cat H-1972 

ee $1" 

COMPONENT 
CABINET WITH 
16 DRAWERS see 
Tired of loosing bit n pieces? Is it 
hard to find the exact component 
you want? You need this superb 
cabinet. 16 see-through drawers 
store all your components and 
organise them, so they'll be at 
your finger tips Each drawer 
features a handy divider for 
total convenience 
Drawers 12,  

Wu 879.98  

sso 

65x137x35mm 

: ONLY 1 
75 Over-all cabinet 

size 300x180x140mm. 
Cat H-2588 
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Quality black instrument case Suits 19- racks. 
Measures 42.5x25x14cm. Supplied flat.., takes 
only a few moments to assemble. Features 
heavy-gauge ( 3mm) front panel. Top and 
bottom are pre- punched for ventilation 

Cat H-2481 10 Se 

JUST 

$3995 
LARGE 'ZIPPY' BOX 
The genuine DSE Zippy Box prefered by 
hobbyists in the ' know'! Why are they so 
popular? It's their versatility. Deep ribbed 
sides are ideal for mounting PCBs without 
worrying about screws... and PCBs can be 
mounted length wise or across the box. 
Features close-fitting aluminium lid ( screws 
supplied). 50x90x150mm. 
Cat H-2751 

Was$2.95 

$2" 
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H EATS I N KS 
AT RED HOT PRICES... 

Every hobbyist knows that if a project produces a lot of heat, and you're limited 
for space, aluminium heatsinks are the best (the only) solution! They dissipate 
heat in a variety of projects such as amps, ICs, etc. And now the DSE selection of 
heatsinks is available at red hot price  

HI EFFICIENCY POWER HEATSINK. 
Thick base, radial fin dseign. Dissipates huge amounts of 
heat; Thermal resistance to ambient - 1 degree/watt ( at 2 ft/ 
sec forced air flow); temperature rise above ambient with 
no forced air flow 60 degrees at 30W heat dissipation level. 
Cat H-3422 

SAVE S1 $350 

UNIVERSAL HOLE PATTERN 
Suits virtually all power type semiconductors. Ribbed walls 
and black anodised finish for maximum efficiency. 
Cat H-3401 

ROUND TO-5 
Manufactured to exacting tolerances to ensure snug fit and 
optimum heat transfer on TO-5 cases. Massive body allows 
rapid heat dissipation. s 
Cat H-3412 

95* 

ave 50% 30e 
Were.65c 

PRE-DRILLED POWER HEAT SINK 
\ • Ingenious design allows it to be mounted either flat on a 

' panel, or at angles ( inside a case). Side fins feature tongue 
and groove so they can be joined sideways. Pre-drilled. 
Takes two TO-3s. 78x110x33mm. 
Cat H-3461 

DUPLEXER 

The most convenient accessory for amateur s 
since 'mega hertz' was invented! Now you can 
connect a 6m and 2m radio to ONE antenna. 
Ideal for both base stations and moble use. 
Simply connect your 6m and 2m into the 
duplexer, then a single connection to your 
antenna. Talk about economy of space 
(especially in a car)... our OSE price is even 

better economy. 
Cat D-3555 

$545° 

Were $5.95 
$395 

eite 
PROJECT CASE 
A superb plastic case for projects 
or commercial applications. 
Boasts all the features that make life easier 
for the hobbyist: PCB mounting slots and posts, 
transformer mounting posts, ventilation and 
speaker (sound) slots.., the lot! Size: 
260x190x8Omm. Cat H-2507 

SUNNY POWER 
20V/500mA SOLAR PANEL 

We all know that the Sun is more than a means of tanning our bodies. It's a 
constant source of power to generate electricity capable of operating a 
variety of appliances. AND it's one of the most cost efficient means poss-
ible. With a solar panel you can harness the Sun's — in the bush, camping, 
on picnics — or even more serious applications in isolated areas. Corn-
pletely weather and shock proof; measures just 266 x 240 x 5mm and 
Cat Z-4844 
w eighs less than 0.5k9! Easy to install; complete with instructions. 

Wow! 

Was 
$259 

el 99 

Was $19.95 

$41 4 95 DICKSMITH 
salssoo ELECTRONICS 

se, 

PREMIUM 
QUALITY 
'RED' LEDs 
si 69ppack0,100 

Sensational value that's hard 
to beat! When your project 
really counts, you can count 
on these premium quality 
red, 5mm LEDs. 
Cat Z-4084 

CONNECTOR BOX 
It's the ultimate! A sturdy plastic carry case for 
hundreds of pieces: assorted lugs, connectors, 
fuses, grommets, clips and ties. Over 20 handy 
compartments for real convenience. No hobbyist, 
handyman or technician should be without one. 
Cat H-1998 

Was$34.95 

$1 9 95 Xeleaele járimo,iirAt", 

e OVeR 40;/0 
.• eme sm 

PTV Lrn 
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PRE 'CATALOGUE RELEASE' 

COMPUTERS 
For every need 84 
budget... as close as 
your nearest DSE store! 

The Cat Personal 
Colour Computer 
DSEs popular CAT gives you more byte from the proverbial Apple! Not only 
does it offer more memory ( compare CAT's 32K ROM to Apple's 16K), it's Apple 
compatible — so you can run most Apple II series software. All that, and the 
CAT costs considerably less! CAT's impressive 64K RAM offers the serious 
home programmer a workable memory capacity and then some. The well layed 
out 81-key keyboard features numeric pad and 8 function keys capable of 24 
software/programmable functions. On-screen colour ( and sound) bring all your 
programs alive: brilliant 560 x 192 pixel grahics AND full 80-column text display. 
Includes inbuilt cassette, joystick and Centronics-type printer ports; Bus 
expansion interface. RS-232C serial adapter and more! The CAT is excellent 
value which will make any home programmer ' purr' with delight. 

Cat X-7500 , $499 Talk to a DSE 
i Expert about our lre-Cr*T4rt-frtz 04 rffil 

updated range of software.  

Yes!! A real 
computer for 
under $100... 

The IZ..3Q0 

• Monitor not included. 

FULLY eta soivareçorapteiste. 

Sheer demand for the popular VZ-300 means we can offer this 

povverful home micro at such an unbelievable price! Its not a toy but 
a real computer offering full 18K RAM (expandable to 64K). 45-key 
keyboard PLUS colour, sound and graphics capabilities. The whole 
family Will enjoy using it because of the brilliant array of software: 

personal finance. educational and games. If price has barred you in 

Cat X-7300 
stopping you. 
the past from joining the computer revolution. NOW there's no 

'99 

Powerful home 
computing 
that's affordable! 
DSE Multitech is the alternative to the expensive IBM and clone brigade. A powerful 128K RAM, 
MS-DOS system with a host of impressive features... at a price that's not out of your reach! If 
specs impress you. then you'll certainly be impressed with Multitech: 
• built-in 360K floppy disk drive 
• real clockicalander with battery backup 
• RS-232C serial inter-face, parallel printer. RGB monitor and joystick ports 
• FREE IBM expansion slot 
• 84- Key, ergonomically design key-board with numeric pad and 10 function keys. 
The MS-DOS operating system is compatible with many of the world's most sought after 
programs PLUS you can run most IBM software straight from the box. Visit your nearest DSE 
store for a hands-on demonstration, today! 

SYSTEM ONE $ 
Cat X-8000 

Now with 256K 395 Reeigg 
See page 44 for address details B 153F/RB 
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HF LINEAR 
AMPLIFIER 
A fantastic broad-band. Bi-linear amp that 
delivers up to 100W with only 4W input. 
Ideal for base and mobile use. Features 3-
level RF power selection and over driving/ 
voltage protection. Advanced semi-
conductors, specially wound ferrite 
transformers operate from 2-30M Hz 
without re-tuning. Covers entire HF freq. 
range. Output: 100W nominal, 180-250W 
PEP. Input/output impedance: 50 
ohms nominal; SWR < 2:1 recommended. 
Cat D-2547 

ONLY $499 
SEMI'S SLASHED UP TO 50% 

`OSKERBLOC' VHF 
POWER/SWR 
METER 
Spot on value for a handy meter that 
checks the accuracy/efficiency of your 
antenna and 2m VHF transceiver power 
ouput. It's by Oskerbloc - the world's most 
respected name in amateur circles. 
Cat Q-1341 

ONLY $109 

Description 

ZN 414Z Radio IC 
4116 IC RAM (MOS) 

4164 IC RAM (MOS) 
41256 256K Dynamic 150 Nana 

DS 555 ic Timer TTL 
Voltage Reg Pos 7812 
2732A IC Eprom (V. price) Z-9209$14.95 $7.45 

2SK134 XSISTOR PWR MOSFET Z-1815 $8.50 $6.00 

0M350 VHF/UHF Wide Band Amp Z-6185$10.95 $8.95 
NE 5534 AP Low Noise OP Amp Z-6090 $3.95 $2.95 

LED 3mm Circular Orange 2-4083 .50 .30 

Premium Quality 
LED 3mm Circular Red 

Premium Quality 
LED 3mm Circular Green 

Premium Quality 
4046 IC CMOS Z-5646 $1.50 $1.00 

ICL 7106 IC (MOS) (SAVE $5.00) Z-6300 17.50 12.50 

Cat No. WAS NOW Description 

UA4136 QUAD OP Amp 

LCD DISPLAY LCD 4.5 

LED 3mm Circular Green 

Premium Quality 

741.514 IC Low Schottky 

(1/2  price) 
4001 IC CMOS 
7400 IC TTL (1/2  Price) 
4518 IC CMOS (Save Over 50%) 

74LS138 IC Low Schottky 
LM 741 op Amp 8 Pin OIL Pkge 

4017 IC CMOS 

Z-4077 .30 .20 BD 140 x Sistor Silicon PNP 
7447 IC TTL 

Z-4087 35 .20 LM380 Audio IC 14 PIN Z-6080 $2 50 $1.70 
LM3914 10 LED Driver IC Z-6295 $4 95 $2.95 

(Save $2.00) 

74C221 IC CMOS (TTL PINOUTS) Z-5378 $4.10 $3.50 

Z-652u $4.35 $1.95 

Z-9310 $3.25 $1.95 

Z-9312 $7.50 $5.00 
Z-9317 $ 12.."0$10.00 

Z-6145 .60 .50 

Z-6552 $1.20 $1.00 

Cat No. Was Now 

Z-6105 $2.40 $2.00 

Z-4175$12.95 $9.95 
Z-4079 .35 .20 

Z-4914 85 .42 

Z-5601 .60 .40 

Z-5010 .80 .40 

Z-5740 $2.15 $1.00 

Z-5284 $1.50 .75 

Z-6362 .80 .60 

2-5617 $1.45 $1.00 

Z-1444 .65 .50 
Z-5047 $ 1.95 $1.50 

COMP/11,ff 
SE1.1.640 

DESCRIPTION 

Cap Electro Axial 35V 2200 
Cap Electro RB 50V 1.0 MFD 
Trimpot 1MR Vert 10mm FR- 1 
Cap Green 100V 5PCT .22MFD 
Trimpot M'turn PC MT I9mm 
Cap Tant 35V .22 MFD 
Trimpot 5KR Vert 5mm 9M 
Cap Green 100V 5PCT 0.047Mf 
Cap Electro RI 63V 220MF 
Cap Electro AT 63V 1000MF 
Cap Electro Axial 25V 2200 
Cap Green 100V 5PCT .15MFD 
Cap Ceramic H/Voll .01uF 3k 
Cap Electro RB 16V 100MFD 
Pot Carbon 6mm SG Log 50k 
Pot Carbon 6mm SG LIN 2M OH 
Cap Electro RI 16V IOMFD 
Pot-Wirewound 6mm 5W 5k ohm 

Cap Green 100V 5PCT .001MFD 
Pot-Carbon 6mm SG LIN IM 
Cap Electro Axial 50V 2200 
Pot-Carbon 6mm SG LIN 100k 
Cap Green 100V 5PCT .47MFD 
Pot-Carbon 6mm SG LIN 50k 
Cap Ceramic 50 Volt .047uF 
Pot Joystick 100k LIN B WIN 
Cap Green 630V 5PCT .1M7D 
Cap Electro RP 80V 2500MFD 
Cap Electro RG 40V 5600MFD 
Cap Green 630V 5PCT .22MFD 
Cap Ceramic 50 Volt 47PF 
Cap Green 100V 5PCT 1.0MFD 
Cap Ceramic TL 60V . 1MFD 
Cap Electro RT 25V 1000M 
Trimpot 10kR Vert 10mm 
Cap Electro RB 25V 470MFD 

CAT No WAS NOW 

R-4206 SI 95 $1.55 
R-4295 22 .17 
R-1968 50 .40 
R-2110 28 .22 
R-1900 52 60 $2.00 
R-4705 65 .50 
R-1939 40 .30 
R-2080 25 .20 
R-4155 S1.00 .80 
R-4190 SI 95 $1.55 
R-4201 SI 55 51.25 
R-2105 28 .22 
R-2400 $1 30 $1.00 
R-4360 28 .22 
R-6823 $1.05 .85 
R-6814 $ 1.05 .85 
R-4055 30 .24 
R-6921 55 50 $4.40 

R-2010 . 25 .20 
R-6813 $1.05 .85 
R-4211 $2.35 $1.85 
R-6810 51.05 .85 
R-2130 .55 .40 
R-6809 $1.05 .85 
R-2327 . 15 .12 
R-I976 54.95 $3.95 
R-2170 .60 .48 
R-4572 $4.80 $3.80 
R-4570 $5.40 $4.30 
R-2172 .95 .75 
R-2251 15 .12 
R-2135 51.25 $1.00 
R-2360 22 .17 
R-4180 51.10 .85 
R-1962 .50 .40 
R-4420 75 .60 

,PSE AU•0113ER I 
Fee' 771E , 

tiosarverse 

PLUGS AND SOCKETS - DRAMATICALLY REDUCED! 
Description 
Plug Coax Plastic. 
SKI 3P Line XLP-3-11c Canon 

Batt. Snap Suit 216 9 Volt 

Plug 3.5mm Phone P3 
Plug RCA Metal Black 

Plug RCA Plastic Black 

Plug 3P Line XLP-3-12c Canon 
SKI 6.5mm Panel Mounted 

UHF Line Plug PL259 Suit RG8/U 
SKY Line Metal 75 ohm TV Coax 

BNC Plug 

UHF Line Plug PL259 Suit RG58/U 

Cat No. Was Now 

P-2021 .65 .55 
P-1620 $4.50 53.80 

P-6216 .25 .20 

P-1I34 .45 .38 
P-1426 .85 .70 
P-1422 45 .38 
P-1624 $4 50 $3.80 

P-1261 85 .70 
P-2310 SI 75 $1.45 

P-2030 $ 1 70 $1.45 
P-2210 $2.75 $2.30 

P-2311 $1.95 $1.65 

N Connector Female Line 
Plug 6.5mm Metal 
Socket Bread Board 

BNC Socket 
Plug Banana 4mm Red 

Plug RCA Plastic Red 

Coax Joiner EU-274 
SKT 5 Pin DIN Panel D 55 180 

Socket Line Coax Plastic 

SKI Panel Mount 75 ohm Coax 
Plug 2.1mm Power 
Male Spade Lugs Pack 10 
SKI 6.5mm Stereo Panel Post 

P-2405 $5 95 $5.00 
P-1162 $1.10 .90 

P-4616531 95527.00 
P-2220 $2.25 $1.90 
P-1710 .45 .38 
P-1420 45 .38 
P-2070 51.20 $1.00 

P-1552 51.10 .90 

P-2031 SI 10 .90 
P-2040 51.20 $1.00 

P-1641 50 .40 
P-5016 95 .80 

P-1276 51 00 .85 

Plug 6.5mm Phone P-1160 .75 .60 

Plug Cig Lighter CL-1 P-1675, .85 .70 
Socket Banana 4mm P-1730 60 .50 

Plug 6.5mm Metal Stereo P-1168 51 20 $1.00 
Bezel PL12R 12V Green S-3512 51 15 .90 

Bezel PL12R 12V Red S-3510 $1.15 .90 

SW Submin Slide DPDT ( 1/2  price) S-2010 .40 .20 
Bezel LED Red/Green Dual Colour S-3530 $2.95 $2.50 
SW Mini Togle R/Angle DPDT S-1177 $2.95 $2.50 
Switch Rocker SPST S-1930 $1.50 $1.20 

SW U/MIN Toggle DPDT S-1245 $ 1.90 $1.50 
SW Toggle DPDT C/Otf S-1217 $1.95 $1.50 
SW Toggle DPDT P 5216 S-1216 $ 1 75 $1.50 
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1986 DSE "BIBLE" 
NOW AVAILABLE! 

Yes — the 1986 Dick Smith Electronics catalogue is now available in all DSE stores. 
Regarded as the 'Bible' of the electronics industry, no enthusiast, technician or 
engineer can afford to be without: 
• Huge 172 pages ( more than last year!) 
• Updated and enlarged Data Section 
• The latest and greatest in all things electronic 
$2.00 at your nearest DSE store ( includes $2.00 worth of discount vouchers!)... or 

'1-{EE inside this magazine NEXT MONTH ( if you can wait that long!) 

QUICK! GET YOUR COPY NOW! 

STORE LOCATIONS 
NSW 
Swift & Young Sts 
155 Terrace Level 
Shop 1. 65-75 Main SI 
613 Princess Hwy 
Oxford & Adelaide Sts 
531 Pfftwater Rd 
Campbelltown Mall Queen St 
Shop 235. Archer St Entrance 
147 Hume Hwy 
164 Pacific Hwy 
315 Mann St 
4 Florence St 
Elizabeth Dr & Bathurst St 
621-627 The Kingsway 
173 Maitland Rd, Tighes Hill 
Lane Cove 8 Waterloo Rds 
George & Smith Sts 
The Gateway high & Henry Sts 
818 George St 
125 York St 
Treloar's Bldg. Brisbane SI 
263 Keira St 

Albury (060) 21 8399 
Bankstown Sq (02) 707 4888 
Blacktown (02) 671 7722 
Blakehurst (02) 546 7744 
Bondi Junction (02) 387 1444 
Brookvale (02) 93 0441 
Campbelltown (046) 27 2199 
Chatswood Chase(02) 411 1955 
Chullora (02) 642 8922 
Gore Hill (02) 439 5311 
Gosford (043) 25 0235 
Hornsby (02) 477 6633 
Liverpool (0x: 600 9888 
Miranda * (049) TBA 
Newcastle (049) 81 1896 
North Ryde (02) 88 3855 
Parramatta (02) 689 2188 
Penrith (047) 32 3400 
Railway Square (02) 211 3777 
Sydney (02) 267 9111 
Tamworth (087) 86 1711 
Wollongong (042) 28 3800 

ACT 
96 Gladstone St Fyshwick (062) 80 4944 
VIC 
Creswick Rd & Webster St Ballarat (053) 31 5433 
145 McCrae St Bendigo (054) 43 0388 
Shop 46.Box Hill Central.Main St Box Hill (03) 890 0699 
Hawthorn Rd 8 Nepean Hwy East Brighton (03) 592 2366 
260 Sydney Rd Coburg (03) 383 4455 
1150 Mt Alexander Rd Essendon (03) 379 7444 
Nepean Hwy & Ross Smith Ave Frankston (03) 783 9144 
Shop 9 110. High St Geelong (052) 43 8522 
291-293 Elizabeth St Melbourne (03) 87 9834 
Bridge Rd 8 The BOulevarcle Richmond (03) 428 1614 
Springvale & Dandenong Rds Springvale (03) 547 0522 
OLD 
157-159 Elizabeth St Brisbane (07) 229 9377 
166 Logan Rd Buranda (07) 391 6233 
Gymple 8 Hamilton Rds Chermside (07) 359 6255 
Queen Elizabeth Dr & Bernard St Rockhampton (079) 27 9644 
Gold Coast Hwy 8 Welch St Southport (075) 32 9863 
Bowen & Ruthven SIS Toowoomba (076) 38 4300 
Kings Rd & Woolcock St Townsville (077) 72 5722 
Cnr Pacific Hwy á Kingston Rd Underwood (07) 341 0844 

SA 
Wright & Market Sts 
Main South & Flagstaff Rds 
Main North Rd & Darltngton St 
24 Park Terrace 
WA 
Wharf St & Albany Hwy 
66 Adelaide St 
William St 8 Robinson Ave 
Raine Square. 125 William St 
TAS 
25 Barrack St 
NT 
17 Stuart Hwy 

Adelaide (08) 212 1962 
Darlington ( 08) 298 8977 
Enfield (08) 260 6088 
Salisbury (08) 281 1593 

Cannington (09) 451 8866 
Fremantle (09) 335 9733 
North Perth (09) 328 8944 
Perth City (09) 321 4357 

Hobart (002) 31 0800 

Stuart Park (089) 81 1977 

4, MIRANDA STORE 
NOW OPEN! 

Dear Cust0MINS, 

Quite often, the products we advertise are so popular they run out within a few days. Or unfOrSeeen circumstances might hold up shipments so that advertised lines are not in the 
stores by the time the advert appears. And very occasionally, an error might slip through our checks and appear in the advert (after all, we're human too!) Please don't blame the store 

manager or staff: they cannot solve a dock strike on the other sideof the world. nor tix an errOr that'sappeared in print. If you'reabout todrive across town to pick up an advertised line, 

why not play it safe and give them a call first ... just in case! Thanks. Dick Smith Electronics. 

MAJOR DICK SMITH ELECTRONICS AUTHORISED RESELLERS 

NSW: • SallIns: A. Cummings a Co 91-93 River St 86 2284 • Ulladulla: Paws Eiectrorucs. 10 Wason Street. 55 3989...swat:Barry Gash Electronocs, 370 Bong Bong St 612577* Brolum HIN: Hobbies 8 Elect ronics. 31 
Oxide Sr 88 4098 • Charleatown: Nmeronics 131 Pacific Hwy 43 9600 • Colts Harbour Coffs Harbour Electronics. 3 Colts Plaza. Park Ave. 56 5684 • Deniliquin: Dent Electronics. 220 Cressy St. 81 3672 • Goeford: 
Tomorrows Electronics & HiFi. 68 William St. 24 7246 • Lismore: Dec ro 3A / 6-18 Carrington St. 214137 • Port Macquarie:Hanoi Electronics. Horton Centre. Horton St. 83 7440 • Orange Fyle Electronics 173 Summer St. 
62 6491•TtenutTu mut Electronics Wynyard St 47 1631. Tweed Heads: Stuart Street Electronic Sales. Stuart St.3675744. Swansea: Swansea Electronics. 184 High St. 711674•Wagga: Phillips Electronics 82 Forsyth 
St. 21 6558 • Windsor-. M 8 E Electrontcs.Sh 7. Mc Ewans Arcarde. 206 George Sr. 775935*kt:tune Keith Donges Electronics 186 Boorowa St 821279 VIC:• Hamilton: John Thompson 8 Co. 138-148 Gray st. 722000• 
Schwa: Webster Electronics. 220 Peck eharn St 822956 • PAIldura:McWilliams Electronics 110A Langtree Ave, 23 6410 • Norwell: Morwell Electronics. 95 George S1.34 6133 • 8hepparton: GV Electronics Centre 100 
High St 21 8866 OLD: • Suridaborg: Bob Elkin Electronics. 81 Bour bong St. 721785 • Cairns: Electronic World Shop 27 K- start Westcoun Plaza. 518555 • Gladstone: Purely Electronics Shop Cnr, Herbert 8 Auckland 
Sts 72 4321* atseltar Stevens Electronics. 42 victoria St. 51 1723 • Maryborough: Keller Eiectronra 218 Adelaide St. 21 4559 • Mt Isar Outback Electronics Shop 71 Barkley Hwy 43 3331* Rockhampton: Purely 
Electronics, 15 East St. 21 058 SA:. ldiGambler Hutchessons Com muneatIons. 5 Elizabeth St. 256404 • Whyalla: Eyre Electronics Shop 2 Forsythe St. 454764 WA:• Albany: Micro Electronics 133 Lockyer Ave 41 3432 
TAB: • Launceston: Wills Electronics 5A The Quadrant. 31 5688 

aVIC (008) 22 6610 

your orders. Enquiries: By mail or phone (02) 888 2105 
Just Phone 008 226610 (toll free) for. despatch of s'ivErhe 
Use your Bankcard. Mastercard or Visacard. 

Fad S 0 t,,E-.0 

Fax ( 02) 888 3631 Telex AA20036 
POST 8. Order Value Charge Order Value Charge 
PACKING $5.00 - $9.9j $2.00 $50.00 - $75.00 $6.50 
CHARGES $10.00 - $24.99 $3.50 $75.00 or more — 

$25.00 - $49.99 $4.50 
PTY LTD Terms available to approved applicants 

SA Customers: Credit facilities available through 13 • 
Lue,come here P.O. Box 321. North Ryde N.S.W. 2113. Tel: 888 3200 

Adelaide: 10 Pulteney St Adelaide 
B153G/RB 

RESS ORDER SERVICE 

VISA 

(MasterCard 



ADMARKET Readers' free adverts. READERS-CLUBS-ASSOCIATIONS 
WELL PUBLISH your advertisement of up to 32 words ( maximum), totally free of charge 

Either fill out the coupon here, or write or type it out on a clean sheet of paper But please make it 

legible. other wise it may not turn out as you intended! Copy must be with us six weeks prior to 

the month of issue Every effort will be made to publish you advertisement, but no responsibility 

for so doing is accepted or implied 

CONDITIONS You must include your name and ' phone number andior address within the 32 
words ( for amateurs. •QTHR' is acceptable) Accepted abbreviations such as DSDD, 100 W RMS. 

ONO etc. may be used Please include you name and full address plus ' phone number with a covering 

letter Private advertisements only will be accepted. We have ' small ads' for traders, who should 

contact our advertising representatives 

Send your adverts to. AEM ADMARKET 

Australian Electronics Monthly 

PO Box see WABROONOA 2076 NEW 
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0 
d BACK COPIES 0 
j OF AEM I 

0 ! $3.60 including postage 
0 P 

0 U July 1985 0 
0 0 
0 E August 1985 (Limited copies) 0 

0 
0 E September 1985 
0 0 SELL: HEATHKIT HR1680ST RECEIVER, 
0 E October 1985 0 ham bands only: 10-15-20-40-80 metres $195. 

d HITACHO CRO model V-152B, solid state 
0 E November 1985 a, dual-trace 5", 15 MHz, with manual, in box. 
0 j $450. Jon VK2ZHF OTHR. (02) 631 1269 A.H. 
• E Dec. 1985 (Not Available) 0 

0 L. January 1986 0 

0 L. February 1986 0 

0 0 
March 1986 

0 

: 0 Please send me the copies of AEM 
0 

0 I have ticked. My cheque for  0 

0 is enclosed. 0 

É 
! Name  

F / 
0 0 

g 0 Address  
0 

P 
0  0 

0   Post Code  g 
I 

0 
0 Please post to 0 

0 BACK COPIES OF AEM 0 

0 Australian Electronics 0 0 WANTED: RECEIVERS. Science Fair " Globe 
0 Monthly 0 Patrol" and deleted "SW Radio Kit" (no. 

0 n 
d PO Box 289 o 28.110), DX-160, FRG-7, Drake R7, Ico Trio, P Kenwood, Racal, JRC receivers and hand-
0 ROONGA 2076 NSW 0 

Nalk IlL MIL IM, ffli. im./alk nill 29 2573. 
books, also old WRTV H'books. Tony (042) 

ADMARKET 
SELL: EPROMs 2732A used once only. 
G'teed OK. 100 at $3.00 each ONO. Aban-
doned project, VK2ZTS. Call (02) 727 9739. 

SELL/SWAP: ATARI COMPUTER 
GAMES/UTILITIES; disks, tapes and car-
tridges. Wish to purchase Atari printer. Wish 
to contact NZ Atari owners. Peter Richards, 9 
Kestrel Ave, Mt Hutton 2290 NSW. (049) 48 
4086. 

SELL: VIC-20 GAMES TAPES. Moonlander, 
Capture, Starfighter, Bricks, Hangman. All ex-
cellent condition. $6 each or $25 the lot. Ian 
Penrose, PO Box 380, Cannington WA 6107. 

FOR SALE: Commodore 64 software. Pogo 
Joe, Moon Patrol, Gyruss, Raid Over Moscow, 
Pooyan. $20 each or $65 for the lot. Cheque 
to Darryn Stokes, 3 Buckley Drive, Coonam-
ble 2829 NSW. 

SHORTWAVE LISTENERS: Join Australia's 
friendly ' Southern Cross DX Club', GPO Box 
1487, Adelaide 5001 SA. Shortwave, medium-
wave, utility and amateur information month-
ly. Enquiries welcomed. 

WANTED: NORTHSTAR ADVANTAGES, any 
condition hard disk or floppy. Phone Robert 
Armstrong (049) 59 2400. 

WANTED BY INVALID PENSIONER: ZX81 
printer or add-ons, any condition. Must be com-
plete, low priced. Please write: D. Shepherd, 
4 North St, Nerang 4211 Old. (07) 58 2543. 
Any parts accepted, working condition or not. 

PROGRAMMABLE 

POCKET 

SCANNER 

—AKROCCDA/t, 

SX-155 
PROFESSIONAL 

POCKET SCANNER 
WITH OVER 16,000 
CHANNELS & 160 

MEMORIES 

28 

32, 
68 
to 

138 

1 16 
and 
30 

5 )4 
MHz 

The Microcomm Ox 155 represents the latest develop-
ments in State-of-the-art LS) CMOS technology as 
applied to scanning monitor receivers It incorporates 
many features, a lot of which are not even found in 
today's larger base scanners 
For example the Ox ' 55 has 160 memory channels 
which can be programmed in either of two modes. The 
first allows you to manually program the entire 160 
channels The second mode provides for manual 
programming 01 the first 40 channels with the top 120 
reserved for use by the Sri 155 while in its SEARCH 
mode It uses these channels to automatically store 
frequencies on which it has found signals during the 
search phase 
The Sx 155 also features a Priority Channel (for that 
important frequency). An LCD display providing 
readout of all receiver functions including an accurate 
crystal controlled 24 hour clock. 
Supplied complete with rechargeable Nicad batteries. 
charger. and rubber duck antenna. the SO ' 5Ois a must 
for anybody with an interest in monitoring 

PRICE 449 
+ S14 P & p 

AUSTRALIAN DISTRIBUTOR 

GFS ELECTRONIC IMPORTS 
Division of DERIBAR PTY LTD 

17 McKeon Road, Mitcham, Vic. 3132 
PO Box 97, Mitcham, Vic. 3132 

Telex: AA 38053 GFS 
Phone: (03) 873 3777 3 Lines 
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SEND IN YOUR ENTRY BY LAST MAIL APRIL 28 
Our eighth Crossword is again pretty easy, so why not try the Cryptic Clues first. 
Don't forget the first prize of the Weller VVTCPN goes to the nearest correct entry, so 
even if you miss one or two answers send in an entry as every one else may have 
missed some too. Our Crosswords are prepared using 'Crossword Magic' supplied 
by and available from Edsoft Pty Ltd, 20 Blackburn Rd, Blackburn Victoria. 

The winner of Weller Crossword No. 6 (January) was Bryce 
Ames of Whyalla Stuart S.A. 

Answers to Crossword No. 7 (March) are on p. 101. 

We will accept entries postmarked no 
later than April 29 

eooperToW 
rare LDmsre 

A transformecpowered soldering statioit. 

complete with a low voltage. lemperalure.controlled 
soldering pencil. The special Weller ' closed loop' 
method nl controlling maximum lip temperature is 
employed. thereby protecting temperature senil iii' 
components, while the grounded tip and non-

inductive heater protects voltage and current 
sensitive components The soldering pencil features 
stainless steel heater construction, a non-burning 
silicon rubber cord and a large selection of iron 
plated tips in sires from 8 sum diameter to 6 mm 
diameter with a choice of tip temperature of 
315*C/600°F. 370•C/700°F and430°C/800°F The 

transformer case features Impart- resistant nord l for 
durability and protection against accidental damage 
a quick connrcUdisconnect plug for the soldering 
iron. extra large wiping sponge. Up tray to store ezird 
tips, plus an Improved off-on switch with a long-Ilk 
neon indicator light. a non- heat sinking soldering 
pencil holder, and a 2 m flexible 3-wire cord. 

Cryptic Clues 

ACROSS 
1. Every glider should have one 
6. The point is on the screen 
7. Irish office divider 
8. Fast reader 

10. Sound link (2) 
12. Rarely the same result (2) 
15. Free-for-all in the park (2) 
17. Chiselled on the work surface 
18. Collection of computerists (2) 
19. Empty your mind 
20. With the cigars 

DOWN 
2. Measuring the days 
3. On the farm once they fed horses now 

they given them diesel (2) 
4. Bitch's first half 
5. Firewood 
9. Midget processing unit 

10. The Opera House is a notable example 
11. Outside the main body 
13. Singular of main theme from 'Cats' 
14. Cranial Tattoo 
16. Akin to heavy pencil 

Regular Clues 

ACROSS 
1. A control device with handle 
6. Picture element on CRT 
7. To divide a segment into smaller units 
8. An instrument which automatically interrogates processes, signals etc 

10. Can link computer to computer via telephone (2) 
12. A set of digits such that each successive digit is equally likely to any of n 

digits to the base n of the number 2 (2) 
15. Free access to programs 
17. A frequently used routine whereby the difference between similar items is 

measured. 
18. Club (2) 
19. Erase or reset 
20. A place of access to a system 

DOWN 

2. Computer circuit that keeps track of the months 
3. Method of moving paper using pins (2) 
4. Binary digit (abbrv). 
5. To list or register 

: 
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9. The control or processing portion of a small computer 
10. Organisational structure of a small computer 
11. Any communication device of a computer 
13. Media or equipment used to hold information in electrical or magnetic form 
14. Device for transferring data to floppy disk or tape 
16. Light sensitive device used with CRT for selecting portion of display 

SEND IN YOUR ENTRY BY LAST MAIL 
APRIL 28 
The competition is open to all persons normally resident in Australia or New 

Zealand, with the exception of members of the staff of Australian Electronics 
Monthly, the printers, Offset Alpine, and/or associated companies. 
The winning entry will be drawn by the Editor, whose decision is final; no 
correspondence will be entered into regarding the decision. 
Winners will be notified by telegram the day the result is declared and the 
winner's name and contest results published in the next possible issue of the 
magazine. 

Cut out or photocopy the entry form, complete it and send 

"Weller Crossword" 
Australian Electronics Monthly 
PO Box 289, 
Wahroonga NSW 2076 

to: 

In case two or more entrants correctly complete the crossword 
we'll have to Judge who's best at waxing lyrically, in 30 words 
or less. over: ”Why I think the Weller WTCPN is the 

soldering station for me". 

Name   

Address 

,  
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-)IKES 
THE NUMBER 1 BOARD KILLER 

T • 

TYCOR® GETS 
THE SPIKES OUT 

Voltage spikes are the Number 1 circuit 
board killer. When the board goes down, 
your computerized equipment goes 
down. Then up go your costs with time 
wasted, productivity and data lost and 
costly service calls made. 
A Tycor Power Line Filter will get rid of 
not only those spikes, but also surges, 
oscillatory transients and common mode 
noise that account for 98% of all micro-
processor based equipment problems, 
including: 

• Read/write errors • Memory loss 
• Component damage • Program errors 
• System failure • Costly reboots 

TYCOR FILTERS 
are available in Australia from 

ELECTROMARK PTY._ LTD, 
43 ANDERSON ROAD ( P.O. BOX 184) 

MORTDALE NSW 2223 
PHONE (02) 570 7287 

The Kit 
An amazing chance to get a 
Floppy Drive and Controller. 

Western Digital 2793A. Oc• ‘oe  
Single rail, single chip, floppy disc :\(\c • 

S e e  S. 

controller. 

What's a kit without the Kaboodle? 
With your first kit have a Kaboodle 
on us. 

Maxell Floppy Disc 
for the F301. 

Western Digital data book - it includes all 
the data on the WD 2793A, of course. 

Offer valid while stocks last. 

Please rush me H 

Chinon F301 3" Compact Floppy Disc. 
Plug compatible with standard 
51/4" interface. 

Features: 
• High precision head positioning 

mechanism 
• Low power consumption 
• Single push loading 
• Eject mechanism 

kits and my free Kaboodle. 

NAME:   

ADDRESS:   P/Code:   

Ph:   

I enclose Cheque El Money Order El Bankcard 11] 
at $92.75 each. 

Bankcard No. = nu DDE ED=D 
Signature: Ex Date: DD / DE 

Please rush me to: daneva 

Aliow 10 days lar shipmen1 

64-66 Bay Road 
Sandringham 
Victoria 3191 
Australia 
PO Box 114 

AE AEM 
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aem project 2600 

I) 
High Power ID 

400 200 100 

320 160 80 

250 125 65 

188 98 50 

140 75 38 

92 54 27 

60 35 18 

42 24 12 

25 15 a 

12 8 4 

AEM2600 

Low Power 

30 10 5.0 

24 8 3.9 

19 6.4 3.0 

14 4.7 2.3 

11 3.8 1.8 

8 2.5 1.3 

5 1.7 0.8 

3.5 1.2 0.6 

2 0.8 0.4 

1 0.4 0.2 

t leak RF Power Monitor 

A peak RF power 
meter/monitor 
Roger Harrison VK2ZTB 
This project features low cost, simple 
construction and a handy LED bargraph 
display. The display section is housed 
separately to the RF-sensing section, 
which is convenient and permits the 
installation of separate RF-sensing 
sections for each rig or antenna. 

JUST ABOUT every amateur radio and CB 'shack' I have ever 
visited sported at least one RF power/SWR meter of some 
sort or another. Frequently, I noticed, they were used as more 
or less permanently installed in-line RF 'monitors'. This is 
ostensibly a 'good thing' as it gives a visual indication that 
the transmitter/feedline/antenna system is behaving as it 
should. However, there are two drawbacks to this. Firstly, 
it ties up the instrument so that, when you want to measure 
the RF power or SWR on another rig or antenna, you've got 
to go through the hassle of disconnecting it and coupling it 
into the other feedline. If you've lashed out and bought a ver-
satile, good quality instrument, then having it permanently 
in-line unnecessarily ties up an expensive item of test gear. 
Secondly, in the situation where you may have a number of 
rigs and/or antenna systems, with multiple feedlines, in-
dividual monitoring or measuring cannot be readily achieved 
with a lone instrument. Some operators I notice, own a num-
ber of RF power/SWR meters in order to circumvent this 
hassle. 
With only one display unit and a number or RF-

sensing/monitoring units, you can have individual monitor-
ing of a number of rigs or antenna systems. This project can 
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The completed project — ' RF head' 
with the coax sockets at right, and 
the display unit', left. The front 
panel of the display unit was 
dressed up with a Scotchcal label 
with a powerscale. 

provide such a facility at minimal cost. You can 'release' your 
expensive shack RF power/SWR meter for the applications 
suited to it, rather than tying it up as an expensive monitor. 

Aspects of the design 

The circuit appeared under Practicalities in the February 1986 
issue of the magazine, and was adapted from a project 
described by David Beard WA4QGA in the August1983 is-
sue of CQ. Basically, it employs a peak rectifier to measure 
the peak RF voltage across the 50 ohm antenna feedline. 
The LED bargraph-style display provides a distinctive in-

dication, particularly with dynamically varying transmissions 
such as Morse and single sideband. While a sensitive (say, 
100 microamp) moving coil panel meter could be used in lieu 
of the bargraph and its drive electronics, the latter works out 
slightly cheaper in cost and provides an indication which 
more accurately follows the rapidly fluctuating excursions 
of CW and SSB transmissions. In addition, the LED display 
can be seen under widely varying lighting conditions. 
The RF-sensing section employs a simple peak rectifier 

tapped directly across the feedline to derive a dc output to 
drive the display section. It is housed in an '11F head' that 
can be inserted in the coax feedline to the antenna. You can 
make up a number of these, one for each rig/antenna system 
if you need to. Each can be configured to sense a different 
full-scale peak RF output to suit differing rig powers. 
As it is necessary to individually calibrate each RF head 

unit I decided to follow the KISS methodology here ('keep 
it simple, Sam'). A resistor and trimpot tapped across the 50 
ohm feedline system is employed, as can be seen from the 
circuit diagram. By using the appropriate value of R1, you 



OUT 

IN 

* SEE TEXT-TABLE 1 

RF HEAD 

T (CAL AT 10V) 

t SK3 

CIRCUIT OPERATION 

This circuit employs an old LED display technique that is simple 
to implement without requiring a special driver IC. A simple 
peak rectifier tapped directly across the antenna feedline derives 
a dc output to drive the 'totem pole' display. The halfwave peak 
rectifier (D1 and surrounding components) is housed in a thru-line 
'RF head' inserted somewhere in the coax to the antenna. With 
about a volt or so output from D1, 01 will turn on, forward biasing 
the the base of 02 which will turn on, lighting LED1. As the rectifi-
er output rises with increasing RF power delivered to the line, each 
1N914 diode, commencing wtih D2, turns on in turn, turning on 
the next transistor in the totem pole (03-011). Each LED thus turns 
on at a discrete power level, providing a bargraph display. 

Input to the peak RF rectifier is via a voltage divider, RV1 provid-
ing a means of calibration. The value of resistor R1 will determine 
the peak RF indicated by LED10 (' full scale'). Table 1 gives full-
scale power levels for a variety of useful powers with suitable values 

of R1. 

Inside view of the RF head. 

LEVEL 
We expect that hobbyists who are 

BEGINNERS 
in electronics construction should be able to 

successfully complete this project. 

ALL TRANSISTORS-BC548 

01 
SK 4 

Bt 

1N914 
1N4148 

1N914 
1N4148 

1N914 
1N4148 

1N914 
1N4148 

1N914 
1N4148 

1N914 
1N4148 

1N914 
1N4148 

1N914 
1N4148 

+12-15V SK5 
(250mA) 

GND 

,..Li 

+V 

mu 
1r 

011 

4%4( 

LED1 

LED10 
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aem project 2600 
can set the full-scale peak RF power indicated by the 'top' 
LED in the display. The values are arranged such that 10 V 
peak on the point marked 'T' in the circuit represents the 
full-scale peak RF value. RV1 is then adjusted so that the top 
LED lights with 10 V peak applied here. 
Table 1 lists the required values for R1 for a variety of con-

venient full-scale peak power ranges. Note that close-
tolerance, 1% or 2%, resistors are specified. If you can't get 
the E48 values specified (20k, 2k and 910R), they can be made 
from combinations of E12 values. For 20k, use 18k with either 
a 2k2 or 1k8 in series. For 2k, use 1k8 and either a 220R or 
180R in series. For 910R, use 820R + 82R in series, 820R and 
100R in series, or 680R + 220R in series. 
So that costs were kept to a minimum, the RF head is 

housed in a small, cheap aluminium box and the display in 
a common 'jiffy' box. The project may be powered from any 
external dc supply that can deliver between 12 and 15 Vdc 
at up to 250 mA. Alternatively, there is enough room in the 
display jiffy box to mount a small, low cost mains transformer 
(such as PL18/5VA), bridge rectifier and filter capacitor. 
As an alternative, the RF-sensing and display circuitry 

could be readily mounted within a homebrew transmit-
ter/transceiver, or an antenna tuner, for front panel RF out-
put monitoring. 

INPUT FROM 
RF HEAD 

LED 
BARGRAPH 

111111 
a k a k a 

SK4 

_Alek o_a DIODE 

SHIELDED CABLE 
B 

A 

BC548 
BOTTOM 
MEIN 

szoma 

out) 

AEM 260 
PEAK PO 

Construction 
Here, too, I've followed the KISS methodology. The dis-
play electronics is mounted on a pc board. This has been laid 
out to accommodate either 10 individual LEDs or a common-
ly available 10-LED bargraph array. The latter is shown in 
the picture of the final prototype. It came from Jaycar, cat. 
no. ZD-1700. The display pc board mounts to the front panel 
of the jiffy box with 14 mm tapped, insulated standoffs such 
that the display just protudes through the panel cutout. 
An RCA connector, linked to the pc board via a short length 

of shielded cable, provides for connection to the RF head. 
The RF head components mount to the lid of a small (104 

x 60 x 46 mm) aluminium box. Two S0239 panel-mount 
coax sockets mount on one side, the RCA connector output 
on the opposite side. The small components mount to a 5-lug 
tagstrip on the ' top' side, as can be seen from the internal 
picture. 
Best place to start is with the mechanical operations. The 

drawings here show all the necessary dimensions. Mark out 
the boxes and panels with a soft lead pencil first. Centre 
punch all hole centres before drilling. 
The cutout for the LED bargraph on the display unit front 

panel may be made either with a 'nibbling' tool or by drill-
ing a series of 4.8 mm (3/16") holes and flat-filing the edges. 
When you've got the front panel cutting and drilling finished, 
ensure all the 'dags' are removed so you can attach the 
Scotchcal label. This is more easily done if you wet both the 

DC 

SKS 

OV 
CND 

+V 

AEM 2600 

cjir ° 

re° 
r° 

re° 
8°. 
re° 
re.c_t) 

coq-0 
6 or—Ice 

rep,: 

AEM2600 PARTS LIST 

Semiconductors 
131  0A47 
D2-D10 1N914, 1N4148 
LED1-LED10 10-LED bargraph, 

or 10 x LEDs 
01-011 BC548, BC108 

Resistors all 1/4 W, 5% 
unless noted 

R1 see Table 1 
R2   15k 
R3-R22 1k 
R23-R32  47OR 
RV1  2k trimpot 

Capacitors 
Cl   lOn ceramic 

Miscellaneous 
PL1, PL2   RCA line plugs 
PL3....2.5 mm dc power plug 
SK1, SK2 S0239 chassis-

mount coax sockets 
SK3, SK4 RCA sockets 
SK5 2  5 mm dc power 

socket 

AEM2600 pc board; 5-lug tag-
strip; jiffy box 158 x 50 x 95 
mm; small aluminium box 104 x 
60 x 46 mm; two 14 mm insulat-
ed standoffs with screws; re-
quired length of shielded cable; 
short length of tinned copper 
wire; 6BA bolt and nut; Scotchal 
front panel label. 

Expected cost: $28-$35 

Display unit, pc board overlay and wiring diagram. Full-size artwork for the pc board. 
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2xS0239 CHASSIS SOCKETS 

SK1 SK2 

R1 

(SEE XT— 
TABLE 1) 

TO 
DISPLAY 

9<3 
RCA CHASSIS 

SOCKET 

RF head wiring diagram. 

label and panel first. This allows you to slide it accurately 
into place. Otherwise, you only get one chance to get it right. 
Smooth it on with a sponge, working from the middle out, 
ensuring you get rid of any bubbles. Once it's in place, use 
a sharp 'hobby knife' or scalpel to cut out the holes for the 
various screws and the LED display. 
Now you can tackle the electronics. The RF head assem-

bly is quite straightforward. Construction is shown in the ac-
companying wiring diagram. Note that, if you prefer, a short 
length of coax may be used to link the two S0239 coax sock-
ets. See that you get the 0A47 diode the right way round. 
If you intend to use this project on the bands above 28 MHz, 
the leads on Cl should be kept to a minimum. In fact, a 500 pF 
disc ceramic would be better substituted here. 
The display is also quite straightforward. Assemble the pc 

board first. The only thing to watch here is that you get the 
semiconductors in the right way round. For the off-board con-
nections (input and power supply), I used pc stakes for con-
venience, but they're not essential. These two connections 
need leads about 120 mm or so long. Note that, with the dc 
power connector, the general convention has the centre pin 
as the positive lead. If you use a plugpack to power this 
project, ensure the polarity of the connector before 
powering-up. 
The RF head, or each RF head if you have a multiplicity 

of them, connects to the display unit via a shielded cable of 
the required length with RCA plugs on each end. 
Now, before powering-up, visually check everything, par-

ticularly the orientation of all semiconductors. 

View of the complete board assembly. 

TABLE 1. Selecting R1 

Peak RF pwr 400 200 100 30 20 5 
Value of R1 20k* 15k* 10k 5k7 2k 910R 
(all 1% or 2%)  

• 1W, all others 1/2W. 

TABLE 2. Calibration 

LED Voltage at ' T' 

10 10.00 
9 8.90 
8 7.88 
7 6.80 
6 6.04 
5 5.06 
4 4.12 
3 3.44 
2 2.71 
1 1.97 

Power-up and calibration 
Connect the RF head to the display unit. Set RV1 to about 
mid-range. Apply power to the display unit. No LEDs should 
light up. If they do, you've got a fault. If all appears well, take 
a resistor of around 4k7 to 10k and bridge it between 'A' (base 
of Q1) and the supply positive. All the LEDs should light. 
Check the orientation of the diodes and transistors if there 
are any problems with this test. 

If, or when, it's working correctly, you can commence to 
calibrate it. The calibration can be carried out with a mul-
timeter and a variable dc supply. Alternatively, you can use 
an audio oscillator or other ac source capable of delivering 
at least 20 V peak-to-peak, and an oscilloscope. 
The basic procedure is very simple. Apply 10 Vdc, or 10 

Vac peak, between ground and point 'T' at the RF head. Then 
adjust RV1 until the ' top' LED (LED10) just lights. Note that 
there's a little latitude as the brightness will vary over a small 
range with slight variation in the setting of RV1. Set it to what 
you consider to be a satisfactory point. Really, you need do 
no more than that. 
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JAYCAR TELEMAIL 008 022 888 
FOSTER HORN TWEETER 

We used to stock this tweeter, but reluctantly stopped when 
Plessey stopped importing Foster Now there's new importers and 
we have them back in stock again This tweeter is brilliant It is very 
bright with great crisp sound Frequency response 5kHz - 40kHz, 
system power 100 watts rms. SPL 96dB/w @ 1 metre 
Cat. CT-2016 

ONLY $29.50 

FOSTER DOME TWEETER 
We couldn't complete this years catalogue without having a Foster 
dome tweeter. It is the D025N25 model. System handling 150 
watts rrns. Resonance frequency 1.2kHz Frequency response 
3kFiz - 30kHz. SPL 91dB/w 1 metre 
Cat. CT-2018 

ONLY $31.00 

FOSTER 4" WIDERANGE 
C100K03 

This ever popular widerange/mtdrange is now available again 
Ideal where high quality is needed, but where space is at a 
premium. Nominal power 3W max power 10W. resonance 
frequency 80Hz. frequency response 80 • 17kHz 
Cat. CE-2312 

ONLY $ 17.95 

FOSTER DOME MIDRANGE 
If you are after a top quality midrange, this is it Bright, crisp, clear 
midrange, and it certainly looks the part Suits system power up to 
150W rms. Frequency response 1 2kHz - 8kHz SPL 92dB/W @ 1 
metre Resonant frequency 520Hz 
Cat. CM-2090 

ONLY $75.00 each 

VIFA 10" 3-WAY SPEAKER KITS 
TWEETER D19TO Cat CT 2019 

$42.50 ea /$89 pair 
WOOFER P25W0 Cat CW-2136 
$169 each/8338 pair 

MIDRANGE D75MX-10 Cat CM 2096 
$99.50 each/f 199 Fealr 
CROSSOVER NE/WORK 

Not a kit, now a factory built precision unit Cat CX 2632 

$119 each/S238 pair 
CABINET KIT Cat CS 2652 

$319 pair 

BUY BOTH TOGETHER FOR 
$999.00 

SAVE A MASSIVE $ 110.00  

4 CHANNEL MIC MIXER 
Its size and simplicity makes this mixer very portable and easy to 
operate It will accept up to 4 low impedance microphones 
* 4 low impedance microphones 600 ohms input * Individual 
gain control for each mrc * Master volume control * Power on 
LED * Inputs/outputs 6 5mm mono sockets * DC operated 9V 
battery * Input impedance 600 ohm * Output impedance 1 5k 
ohms * S/N ratio 55dB * Frequency response 20 - 20kHz ±2dB 
* Weight 320 grams * Dimensions 148 x 46 x 86mm * Torque 
variable range I-22dB * Input sensitivity ImV * Output level 
90mV (at input 5mV) T H.D 001% 
Cat AM-4205 

ONLY $45.50 

NATIONAL INSPECTION LIGHT 
This quality National made unit enables you to place a spot of light 
in the most awkward places Ideal for servicemen and kit 
assemblers Needs 2 AA batteries 
Cat TH-1835 

ONLY $ 19.95 

TOLL 

FREE 

090=mane 

NOT ALL COMPACT DISC PLAYERS 
ARE THE SAME! t4e1 

It is becoming increasingly apparent that not all CD players are the same. You get no guarantee of superb sound quality by paying around $ 1,500. You 
may get a model that bristles with programming facilities but is in fact no better than a model costing V3 as much. 
With this is in mind, Jaycar has concluded an exhaustive technical evaluation of models suitable for inclusion in the 1986 Jaycar Catalogue. We feel that 
the choice of the ADC Model CD-100X player will be welcomed by the technical reader of this magazine. 

SPECIAL OFFER - We welcome technical scrutiny of this magnificent CD player. To prove this, we cari supply a detailed 40 page technical 
service manual on the ADC CD- 100X. This manual (one of the best we've seen out of Japan) covers theory of player operation, circuit operations, test 
procedures, test print and waveform illustrations, block diagrams, IC description and schematic diagrams and much, much more! 
If you wish to review this manual before you buy send $ 10 ( inc. P&P) for a copy. After reading this manual we are certain you will b. en you bu 
CD- 100X we will take $ 10 off the purchase). 
BRIEF TECHNICAL SPECS. 
Frequency Response 5 20kHz 20 5dB 
T D 0 004% 
Dynamic Range 95dB 
Channel Separation 90dB e IkHz 
Optical lickup 3 beam laser 
D/A Conversion 16 bit linear 
Filter Seventh order passive filter 
Error Correction CIRC dual error system 
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FEATURES: • Motor driven horizontal loading (front load) 
beam focus • 16 memory track programming. 
The price for this magnificent unit? 

NEW GENERATION CORDLESS 
TELEPHONE 

Microprocessor controlled - 200 metres range 
and absolute security 

Quite simply the finest cordless phone we have used Telecom 
approved 

FEATURES 
• Operating range up to 750 feet (250m) • Security code system 
with 16,384 combinations • Last number re-dial • Call function 
at base unit to alert handset • Power on/off switch and 
standby/talk switch on handset • Reset button for hanging up 
and recalling dialling tone • Pulse dialling with audible tone 
feedback at the touch of a key • LED indicator on handset for low 
battery indication • Built-in overcharge protection for handset 
unit • Handset switched automatically from -Talk- to -Standby 
mode when placed on base unit • Hearing aid compatible 
Cat. YT-7065 

ONLY $ 199.00 

GIANT SIZE IC TEST CLIPS 
137rnm IC clip RED _ _ -- ----- ----- Gat liM-3046 
137mm IC clip BLAU Cat 14M-3047 

BOTH UNITS $2.50 each 
le or more units 82.30 each 

• 3 beam laser (not 21 

ONLY 
$549 

plus p&p 
Cat AC 0400 

• Metal chassis for rigidity • Astigmatic 

CALCULATORS 
MODEL SC122 

Solar powered, smart slimline desk top model with small black 
sachet. LCD. 12 digit. standard 4 functions, automatic punctuation 
display. independent 4 key memory and grand total calculation. 
S. . +. —. and digit shift item, round down and round off 
selectable Size 23(H) a 102(W) x 167(L)mm 
Cat OC 7132 

ONLY $34.95 
MODEL SC570 

Scientific calculator. popular school model, hand held style. 
complete with black sachet. 10 + 2 digits. LCD. 68 useful 
functions. 15 levels of parantheses. decimal, binary, octal and 
hexadecimal conversion, random number generator. auto power 
off. uses 2 G13 type battenes 

Size 85(H) 71(W) x 134(L)mm ONLY $32.50 
Cat 0C-7118 

COMPUTER CABLE 
12 conductor computer interface cable Colour coded with Mykir 
shielding 12 a 7/0 16mrn 
Cat W1580 $2.20 per metre 

$175 per 100m reel 
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JAYCAR NO 1 FOR NEW PRODUCTS JAYCAR NO 1 
TOTALLY NEW DPM's FOR 1986 
DPM400 - The worlds smallest off the shelf DPM 31/2 
digit display • ultra compact - ultra low power 
Cat QP 5502 

$59.95 
DPM500 - Compatible with the popular 7106.26 & 36 
range of A/D convertors 3'5 digit ultra low profile • ultra low 
power 
Cat 0P-5504 

ONLY $65.00 
DPM2000 - Large character ( 15mm) meter with very 
high stability and a very large range of engineering symbols in the 
window. 
Cat OP-5506 

ONLY $ 79.95 
CHECK THE 1986 CATALOGUE FOR FULL 
SPECS AND QUANTITY BUY PRICES 

240 VOLT CANNON MADNESS 
Genuine Cannon XLR LNE 11C 240 volt mains line female 
connector 

USUALLY $9.95 each 
SAVE 75% APRIL ONLY 

$2.50 each 
50 or more $ 2.00 each 

Cat PS- 1002 

Genuine Cannon AXR•LNE 32 240 volt mains chassis male 
connector (the mate to the )0R-LNE-1 IC above) 

NORMALLY $7.95 each 

APRIL MADNESS $2.50 ea 
SAVE NEARLY 70%11 

10 up $2.00 each 
(BELOW NORMAL WHOLESALE COST') 

Genuine Cannon 15 way right angle -D subminiature That s righ( 
a 15 way PCB mount right angle female connector 

NORMALLY $5.75 each 

APRIL MADNESS $2.00 each 
SAVE UP TO 83%11 

10 up $ 1.50 each - 100 up $ 1.00 each!! 

CAR ALARM REPLACEMENT 
GLOBES - We are asked many times for replacement 
globes for flashing switches/bezels for car alarms We now stock 
the most common types 
1) Possibly the most common 12 volt push- in Metal flange up 
two sides Used in Red Light, Yellow Light, Pirahana and Cobra 

Cat SL 2638 $4.50 each 
2) Used in Yellow Light and possibly others 

Cat SL-2637 _ $4.50 each 
3) Used in Yellow Light and possibly others 

Cat SL-2636 $4.50 each 

C90 CASSETTES 

QUARTZ CRYSTAL 
CLOCK MOVEMENT 

* Very compact * Self starting one-second stepping motor has 
strong torque * Powered by 1 5V AA battery that lasts for 1 year 
* 315 second/month accuracy * 56mm square, 15mm deep 
Fit your own custom dock face Great for novel applications such 
asi fitii4n iies, etc 

EEO WITH .3 SOTS OP HANM 

ONLY $ 12.95 
Cat XC-0100 

UHF/VHF INDOOR DIMMER 
This device allows you to connect 2 antennas (UHF & VHF) to the 
one socket on your TV Output 75 ohms to TV 
Cat LT-3013 

ONLY $ 10.50 

OUTDOOR UHF/VHF DUPLEXER 
Mounts directly on to TV mast, conned two aerial cables (UHF Ar 

VHF) to dtplexer. then only run one cable down to the TV 
Cat LT-3014 

ONLY $ 11.95 

UHF/VHF GUTTER GRIP 
A combination aenal for good reception areas 
Cat LT-3175 

ONLY $44.95 

UHF ONLY TV ANTENNA 
This UHF aerial is designed for channel 2e reception for all capital 
cities Use with a dtplexer to combine with VHF antenna This 
antenna has 10 elements and a reflector The reflector picks up 
more signals and reflects them back to the aerial for better overall 
signal reception Beware of aerials with less elements and no 
reflector 
Cat LT-3180 

ONLY $53.50 

TELESCOPIC TV AERIALS 
Ideal replacements for those broken ones on your portable TV 

  Cat LT-3060  

  Cat LT-3061  

Cal LT-3062 *c 

ALL PRICED AT $9.95 each 

* TELEMAIL 008 022 888 * 
TOLL FREE 

DISKETTES - BACK IN STOCK 
Famous brand Memorex 5'. floppy discs 

Cat XC-4750 SSDD 

Cat XC-4755 DSDD 

$3.95 each 
$4.95 each 

We dont pretend that these tapes are as good as the name 
brands but at the pnce - who cares' The quality will stagger you for 
the price though Standard Ferric Oxide formula works in any 
cassette Quality screw case 
Cat AL- 1550 ONLY 95C each 

JUST A SMALL SELECTION OF NEW 
PRODUCTS FROM OUR 1986/87 

CATALOGUE - OUT NOW 

19" PORTABLE RACK 
Great for those on the move This L type rack system is easy to 
assemble and easy to transport Screws provided to mount 
equipment Height 56cm 
Cat HB-5340 

ONLY $49.50 

AVTEK MODEMS 
AUTO ANSWER cat xc 4822 $349 
MINIMODEM Cat XC 4825 $ 199 ( 
COMMODORE MINIMODEM 

Cat XC 4830 ONLY $239.00 

ia càr 

ELECTRONICS 
Incorporating ELECTRONIC AGENCIES 

Carbngford. Hurstvine Gore Hill. Brisbane Mon Fr, 9am 5 30prn 
Sydney and Concord Mon Fn 8 30am 5 30pm 

Sydney. Carlingford. Hurstvdle • Thursday n:ghts until 8 30pm 
Isbane Thursday night until 8pm 

Sydney Carlrngford. HursmIle Brisbane Saturdays 9am 12 noon 
Gore Hill - Saturday 9am - 4pm 

CONCORD NOT OPEN ON SATURDAYS 

NUMBER 1 FOR KITS 

N SW. 
SHOWROOMS 

QUEENSLAND ROUND& 149 Logan Road Tel ( 07t 393 0777 
MAIL ORDERS P 0 Box 185. CONCORD 2137 
HEAD OFFICE 15 117 Parramatta Road. CONCORD 2137 

Tel ( 021 747 2022 Telex 72293 

POST & PACKING 
$2 00 
53 75 
b4 50 
56 50 

SIC 524 99 
$25 54999 
$50 $99 99 
00 5198 S8 00 

Over $ 199 510 00 

LARGE ALARM STICKER 
For trucks, caravans, houses offices and factories where a larger 
more prominent alarm deterrent sticker is required Sue 5- x 3-
Cat LA-5102 

ONLY $ 1.95 each 

INNER EAR MINI STEREO 
HEADPHONES - Unique type headphone. so 
small they can be stored :n a MATCHBOX Very high sound quality 
and comfortable to use Supplied with adaptor plug to 6 5rnm and 
spare replacement ear pads 
Cat AA 2014 

ONLY $7.95 pair 

SYDNEY 11 , York sneer Ti i 021 207 1014 
CJIIIINGEORD, Cnt Carkngford LS Pennant Hills Road Tel '02, 872 4444 
CONCORD, 115/117 Partamatta Road Tel ( 02) 745 3077 
NUISIVILLI, 121 For., Road Tel (021 570 7000 
GORE MIL 188/192 Pandbc Highway , Cnt Bellevue Avenue, Tel 102) 439 4799 

er? 

ROAD FREIGHT ANYWHERE IN AUSTRALIA ONLY $13.50 

MAIL ORDER VIA 
YOUR PHONE 
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USE YOUR COMPUTER 
TO RECEIVE 

FAX picture 
PAINT A 

AUDIO OUTPUT 

( TAPE ) 

RECEIVER ISTENING 
POET 

COIPPUTEM 

VDU 

VIDEO 
OUTPUT 

Decode RADIOTELETYPE/RADIO FACSIMILE PICTURES 8/or CW 
using your computer and the AEM3500 Listening Post project. 

• Radio Facsimile Pictures ( FAX) 
• Radio Teletype ( PITY) 
• Morse Code (CW) 

GET THE AEM3500 

"LISTENING POST PACKAGE" 
for your • Commodore 64 • Microbee • Apple IL 

By building the Australian Electronics Monthly 
AEM3500 'Listening Post', a simple add-on decoder 
project for your computer and receiver, and using our 
software, you can receive weather map transmissions, 
amateur RTTY and foreign news services, plus amateur 
and commercial Morse transmissions. 
There's a whole fascinating new world out there 

among the non-speech transmissions that were just an 
annoying 'burble' on your receiver previously. 

The package comprises: 
• Comprehensive' constructional and operational 

details. (Normally S8.80 the set) 
• A quality fibreglass pc board with printed 
components overlay. • ( Normally $8.06) 

• Software on either cassette or diskette. (Normally 
S19.50). 

• Components necessary to complete the project are widely 
stocked by electronics retailers. 

$29.95 save over $6! 
Including post 8c handling 

COMPLETE THE COUPON NOW 
(a photostat will do) and send us a blank C10 cassette or 
formatted disk to suit your computer. 
• We will gladly re-record any software that doesn't run 
Please rush me (tick choices): 
LI AEM3500 Listening Post software only 
AEM3500 Listening Post Package 

to suit the: 

Microbee & Commodore 64 Apple // 
C.Itoh 8510-type 

... Epson FX80-type 
printer 

(most printers) (most printers) 

DON'T FORGET TO INCLUDE YOUR NAME & 
ADDRESS 

ihr ..mir a /MU, /MIMI 

All for only 

If you want the software only, then send just 
$19.50 (include postage) 

Send to: AEM Software Service 
PO Box 289 Wahroonga 2076 NSW 

I enclose payment by: Cheque Money Order Credit Card 
(circle your choice) 

Credit Card No.: 

Expiry Date:  /  

Signed: 
(Unsigned orders cannot be accepted) 

-t 

Cheque or Money Order No  
( Please make cheques or Money Orders payable to 'Austral'« Electrones Monthly') a 
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aem project 2600 
Table 2 gives a guide to the voltage points at 'T' at which 

each LED will turn on. Note that, owing to variation in com-
ponents, individual units will vary somewhat. Hence, the 
power levels shown on the Scotchcal front panel are only 
approximate within about ±5%. As this is not a true meas-
uring instrument as such, but more of an indicator/monitor, 
that sort of accuracy is quite acceptable.(Note that Tablel 
in the Practicalities article, p.80 Feb. '86 AEM, were scaled 
from the original circuit. The inevitable component non-
linearities account for the differences here). 

Installation suggestions 
The RF head is ' inserted' at a convenient point in the coax 
feedline system. If the feedpoint of your antenna is fixed and 

77 

ES 

o 

32 69 

RF HEAD 20239 DRILLING 

ALM 2600 1-60,17 PANEL DRILUNG 

73 153 

5 -  

3DIA 

301A 

CUTOUT 5o63 

6 79 

Drilling details for the boxes. 

High Power 
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92 
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42 
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12 

200 

160 

125 

98 

75 

54 

35 

24 

15 

8 

100 

80 

65 

50 

38 

27 

18 

12 

8 

4 

accessible, it's best to insert it as close as you can get to the 
feedpoint. For end-supported dipoles, just install it at a con-
venient point. If you use an antenna tuner in the shack, in-
stall the RF head between the rig and the tuner. 
Where you might have multiple feedlines to monitor, with 

RF heads inserted in each (or as many as you wish to moni-
tor), the output of each could be brought out to a multi-way 
RCA socket panel and the display unit ' patched in' to the ap-
propriate one as required. 

ELIMINATING POTENTIAL RFI PROBLEMS 

At the higher power levels, you 
may possibly expererience RFI 
problems through radiated RF 
coupling into the display unit 
either from the RF head or the 
cable running from it to the 
display unit. Such problems will 
likely cause the display to indi-
cate full output, long before full-
scale power is reached, by rec-
tification in the base-emitter 
junction of Q1. The judicious 
placement of RF chokes and a 
bypass can eliminate the 
problem. As a first measure 
mount an RF choke right at the 
input socket of the display unit, 
plus a 10n disc ceramic bypass 
mounted on the copper side of 
the pc board, from the base of 
Q1 to ground (with the shortest 
leads possible). The circuit 
here shows the arrangement. 

01 
RFC 

• 10n .r 
CERAMIC j. 

1111 

As further protection another 
RF choke can be added to the 
RF head, mounted between 
the RCA socket and the junc-
tion of D1/R2/C1 on the tag-
strip, as per the circuit here: 

RFC 

The value of the RF choke will 
depend on the band, or bands, 
the unit will be used on. A 
choke of 1 mH to 2.5 mH is 
suggested for the bands 7 MHz 
and below. Above that, a 
choke around 470 uH (plus or 
minus a standard value) is 
recommended. For the 10 
metre arid six metre bands, a 
value around 100 uh (plus or 
minus a standard value or so) 
could be used. 

Low Power 
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0.8 

0.6 

0.4 

0.2 

AEM2600 Peak RF Power Monitor 

Full-size artwork for the front panel. 



BYTE WIDE 

Microbee 
updates with 
"Premium 
Series" models 
N ever a company to stand still, Microbee Systems Ltd has 

released upgraded versions of their standard models, 
dubbed the " Premium Series". All the options on the cur-
rent 'Standard' models are built-in to the Premiums, includ-
ing colour video and Viatelivideotex communications 
capability. 
New features on the Premi-

ums include greatly enhanced 
high resolution graphics capa-
bility, an additional four keys 
for cursor control and a volume 
setting control for the internal 
speaker. 
The new hi-res graphics capa-

bility will probably be the fea-
ture most-welcomed by 
Microbee owners/enthusiasts 
and new customers alike. The 
Premiums can display a full 
screen of 131 072 pixels, all in-
dividually programmable. 
(Wow! — weather FAX pictures 
on-screen via the AEM3500 
Listening Post). 
The main circuit board of the 

Premiums is a complete re-
design, with improved colour 
video and keyboard scanning 
circuitry. Processor screen 
accessing is now fully syn-
chronous and transparent, says 
Microbee, giving a clearer and 
more stable display free of the 
glitches apparent on the older 
Standard models. 
Microbee also say that key-

board scanning is now much 
more reliable and disk models 
feature the ability to assign ex-
tended functions to the numer-
ic keys. 

Price of the Premiums is $100 
above the Standard series in 
each of the three configurations 
(which are: 32K PC85, 64K 
Computer-in-a-book and 128K 
Small Business System). Micro-
bee Systems is also offering 
owners of existing 'Bees the op-
portunity to upgrade to the 
Premium Series at what they 
say is " . . . an attractively low 
price". This maintains the com-
pany's policy of continued up-
wards compatibility. 
Further details are available 

in a well-produced and informa-
tive brochure available from 
Microbee System's Technology 

Centres and authorised dealers, 
or from Microbee Systems Ltd, 
PO Box 105 North Ryde 2113 
NSW. (02) 887 3723. 

Computers watching 
computers 

A new system designed to 
speed up the servicing of 

computers in the field has been 
launched by Voicecall Commu-
nications Pty Ltd. Called Corn-
puterwatch, the system is said to 
minimise computer downtime 
by accelerating the response rate 
to service calls of computer field 
personnel. 
The Computerwatch system is 

available in Sydney, Melbourne, 
Canberra, Brisbane, Adelaide, 

Perth and the Gold Coast. 
Each State or Territory has an 

independent network but they 
are all fully linked to each other 
via Austpac. 
The software for the system 

has been designed by CMS, the 
research and development divi-
sion of Voicecall headed by Nati 
Stoliar, managing director and 
Dr Richard Freyer, head of 
research. 
Computer companies employ-

ing only a small number of field 
engineers will benefit in the fol-
lowing manner, the company 
says: Their field engineering 
centre will be provided with a 24 
hour fully integrated and com-
puterised telephone answering 
service on a unique telephone 
number supplied by Voicecall 
via the Telecom network. This 
number will be answered in the 
name of the company and calls 
will be logged into the Voicecall 
computer. 

Details of the service required 
will be taken by an operator, 
who will then advise that a field 
engineer will contact them 
shortly. 
As the call is terminated the 

request is transmitted to the 
field engineer on his National 
Panasonic alphanumeric pager 
which can accept up to 400 
characters per message to a to-
tal of 1200 characters or 20 mes-
sages, whichever is the less, and 
can store them in its memory. 
The message is then viewed by 

scrolling the liquid crystal 
readout of the pager, just like a 
pocket telex. A hard copy 
readout can also be obtained by 
plugging the pager into a stan-
dard office printer using a spe-
cial interface unit. 
Larger computer companies 

employing a greater number of 
field engineers will be able to 
respond to calls using the Voi-
cecall Computerwatch system in 

an additonal way. 
The Voicecall network com-

puter can be interfaced to any 
other computer using a standard 
protocol RS232, so the Corn-
puterwatch system for despatch-
ing information can be carried 
out direct from the customer 
company's own computer to the 
transmission network. 
As an alternative, Voicecall 

can provide direct access to the 
customer's computer on a 24 
hour basis by dial-up or land 
line. Using the fully linked net-
work between States through 
Austpac, Voicecall can provide 
client companies which operate 
nationwide, the facility to utilize 
Computerwatch for despatch 
purposes. 
The Computerwatch system is 

already in use by Wang Com-
puters, Fujitsu Australia, Bur-
roughs and other computer 
companies for their field en-
gineering support. For further 
information, contact Herman 
Lux, Voicecall Communica-
tions Ltd (02) 211 3888. 

New Nokia 
modem features 
1200 bps duplex 

Sydney firm EEL Commun i-
cations has released the 

Nokia DS 3565 featuring V22b 
call mode operation, which 
offers automatic answering and 
disconnection as standard. 

Its advanced design uses 
microprocessor and LSI tech-
nology for small size and low 
power consumption. The 
mechanical design allows the 
modem to fit perfectly under 
most telephone sets. 
The DS 3565 is intended for 

synchronous and asynchronous 
data transmission in the full 
duplex mode over a switched 
network or over two-wire leased 
lines. 
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AEM4600 
DUAL SPEED 
MODEM 

Geoff can 't put this kit together fast 
enough. The queue started to form the 
moment the magazine came out. 

Features both 300/300 baud full 
duplex and 1200/75 baud half duplex 
operation so its ideal for Viatel. All 
functions are selected with quality C&K 
toggle switches with four LEDs to 
indicate correct functioning. Interfacing 
is standard RS232 using a minimum of 
signal lines for "universal" interfacing 

Geoff's kit comes complete with 
punched front panel (looks like a bought 
one') and is just 

$159.00 

NOW STOCKING 
BOURNS 
TRIMPOTS ilher 

er 

$38.70 
CAS6 

Continuing Geoff's policy of stocking 
only the highest quality components we 
have now added a range of Bourns trim 
pots. The PC board mounted types are 
available in three styles and many values 
are available ex-stock. Call us for full 
details pricing etc 

TRUE RMS 

ONLY 
$225.00 

EDM1346 

ex tax 
($258.75 inc tax) 

8.3010 5 Monday to Friday. 8 30 to 12 Sat 
Mail Orders add S3 00 to cover postal charges 
Next day delivery in Sydney add S5 00 

All prices INCLUDE sales tax. 
Tax exemption certificates accepted if line value 

exceeds S10.00. 

RS232 MINI TESTER 

• Male to female connections 
• All pin wired straight through 
• Dual colour LED indicates activity 

and direction on 7 lines 
• No batteries or power required 

T D. - Transmit Data 
R D - Receive Data 
R TS - Request to Send 
CTS - Clear to Send 
D S R - Data Set Ready 
C D. - Carrier Detect 
D T R - Data Terminal Ready 

$26.40 
CAS4 
RS232 MINI PATCH BOX 

• Interface RS232 devices 

• With male and female 25 pin inputs 
• 25 leads with tinned end supplied 
• Complete with instructions 

CASI 
RS232 SURGE PROTECTOR 

• Avoids costly damage from large 
voltage peaks caused by lightning 
or other power problems 

• Uses metal oxide vanstors IM 0 V i 
to suppress any voltage above 26V 
on pins 2 3 & 7 

• Will handle up to 1 Joule & 250A 

peak current 

$19.90 

• 41/2 digits • 8 functions Vdc, 

Vac, Adc, Aac, Ohms, Audible 

Continuity, Diode test, Data 

Hold • 0.05% basic accuracy 

LORLIN QUALITY 
WAFER SWITCHES 
If you're finding it hard to get the wafer 
switch you want for a particular project 
give Geoff a call. I-le can build to your 
order from the high quality Lorlin RA 
range - and up to 6 banks. The following 
configurations art available. 

Poles 1 2 3 3 6 4 2 
Positions 12 6 3 5 2 4 9 

Contacts have a 5A rating with on y 
10 milliohm resistance. Diameter is 
25.4mm 

CAS8 
MALE TO MALE GENDER 
CHANGER 
CAS9 
FEMALE TO FEMALE GENDER 
CHANGER 
• Saves modifying or replacing non-

mating RS232 cables by changing 
from male to female to male 

• All 25 pins wired straight through 

$32.10 

CAS11 
RS232C NULL MODEM 
ADAPTOR 

• Male to female connections 
• Pins 2 and 3 reversed 
• All 25 pins connected $19.90 
DC Voltage 

Range • 70DmV 2V 20V 200V TOCOV 
ResolutKin • 10uV 100uV Inn( leenV 100mV 

Ancuritc y • 20OrnV 1000V • i0 05s•rog gogti 

AC Voltage (True RMS. AC coupled 10% to 103% of .angel 

Range 

Resolutron 
Accuracy 

DC Current 

Range 

Resolution 
Accuracy 

• 200.TV 2V 20V 200V nov 
• mu,/ 100uV Into lOnTV 100nTV 

• 2LOnTV 200V 
@ASH' 1KH/ • iI) 5.. rail • »Mgr 

@IKM/ 2KM/ l•oing • »nun 
@2KH/ 5KF1/ • 15 O•nrrIg • 40rIgt , 

i200V 510.0 not sperifirm• 

750v (14511/ KM/ il 0 irk; . 20our. 

• 2mA 20n1A 200mA, 20 10A 
• 100/111 bA 10uA 155,0 1mA 

• 2mA 200noA • iO3Stido • klati 

2A ILA . 0 75S illy • »it. 

AC Current (True RMS. AC coupled 10% to 103% of ,angel 

Range 
Resolution 
Accuracy 

Resistance 

Range 
Resoluvon 
At< Loacy 

• 2nTA 2OrnA 200mA 21% 10A 
• 100nA tuA 10uA 103,4 lrnA 

• 2mA @45H, 400H, • r2 5. 4g. 70orrt• 

20mA 200nsA 
@a5M/ 400M/ • it) 75. rag • 2Ortin. 
@AWN, INN, • .0 )5 n14, • » St, 
2A 10A 

@a94/ 5000/ • . 1 2 • rivi 2041m 

• ?COD 21CD MKS: 200KS2 251S/ 20•All 

• 001S/ 0 It/ IS/ SOS/ tOOS/ ICJ 
• 200Q .0 2 rou • rvIgt • 0 04 SI 

20 S/ 2000S? • . 0 1 Tog lsot• 
2M o ' 5 • 

I 

GEOFF WOOD ELECTRONICS PTY LTD 
Incorporated in N.S.W. 
656A Darling St. Rozelle 2039 
(One door from National Street) 

Tel: 810 6845 I -) bonlicard 

specialising in electronic components for the professional and hobbyist. 
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Fe ttle (08) 271 2885 
Pty. Ltd. 

STOCKING SA .'s 
RANGE OF ADD-ON 
CARDS FOR THE PC's 
AND COMPATIBLES! 

148  

1:7:1 

COMPACT DISC PLAYERS 
Superb Sound Quality! Unbelievably low price. 
Features: • Motor driven horizontal loading 
• 3 beam laser • Metal chassis • Astigmatic 
beam focus • 16 memory track programming. 

MULTI-MODEM with 
AUTO ANSWER 
ONLY$299 

SAVE OVER $100 

AEM 4600 Dual Speed Modem $169 

• ê • 
ELECTROMYOGRAM 
Detects small voltages induced 
on the surface 
of the skin 
due to muscle 
activity. Ideal for 
biofeedback use! III BED-WET 

DETECTOR 
Trains young 
children not to 
bed-wet at a fraction 
of the hire cost of 
similar commercial 
devices. 

$71.95 $29.95 

WATCH FOR THE 6000 POWER 
AMP SERIES COMING SOON! 

I Eagle Electronics Pty. Ltd. 
I 4 Unley Road, Unley, S.A. 5061 

TELEPHONE: 
I (08) 271 2885 U9,"ger'' 
• MAIL AND PHONE ORDERS WELCOME. 

.41 
14A 

54 UNLEN ROAD, UNLEN 
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Over a switched network, the 
modem provides automatic an-
swering as well as automatic 
disconnection. The telephone 
connection can be used alter-
nately for speech and data 
transmission. 
The DS 3565 works in two of 

the five modes specified in 
CCITT Recommendation V22; 
Mode 1 for synchronous data at 
1200 bps, and Mode 2 for asyn-
chronous start-stop data at 1200 
bps + 1% to -2.5% and Bell 212. 
The DS 3565 can be used 
together with any modem com-
plying with V22 A, B or C or 
Bell 212, EEL claim. 
The DS 3565 is mainly intend-

ed for use at the subscriber site 
for duplex 2-wire communica-
tion over the switched network 
with a dial-in computer centre. 
Considerable savings can be 
achieved by using this simpli-
fied modem for the main traffic 
subscriber end and using nor-
mal modems with channel 
selection for the computer end, 
EEL say. 
Manual or automatic opera-

tion is simply selected with the 
front panel membrane type 
switches. The automatic answer 
function according to CCITT 
Recommendation V25 connects 
the modem to the line after an 
incoming call has been 
received. The disconnect facil-
ity automatically releases the 
connection after loss of carrier. 
Two parallel terminal inter-

faces are provided. In addition 
to the normal CCITT V28/ISO 
2110 25-pin connector the mod-
em also includes a simplified 
7-pin interface with 5 V CMOS 
circuits. Both interfaces comply 
with CCITT V24 and include 
provision for power feeding 
from the terminal using + 12 V 
or + 5 V. 

All control switches and LED 
indicators are located on the 
front panel, enabling easy selec-
tion of the functions and test 
mode. Operation instructions 
are provided on a card accessi-
ble from the front of the modem. 

Further details from EEL Com-

munications, Electrical Equip-
ment Limited, 33 Bellona 
Avenue, Regents Park 2143 
NSW. (02) 645 2777. 

More speed for 
Avtek 
Multimodem 

vtek Electronics has done 
it  again with the release of 

d high speed ( 1200/1200 baud) 
enhancement for their popular 
Multimodem II. The Multimo-
dem already supports all the 
usual standards ( 300/300, 
1200/75 and 75/1200 baud rates) 
and the new high speed option 
is available as a built-in hard-
ware addition, providing the 
highest speed currently availa-
ble for data transfer on public 
telephone lines. 
The price of the all-standard 

(V21, V22, V23) Multimodem 
will come as something of a 
shock to people used to seeing 
prices of $ 1200 — $1500 being 
asked for modems providing the 
V22 standard alone. The price, 
with V21, V22 and V23 stan-
dards at the flick of a switch, is 
$699 including sales tax, and 
Avtek expect to be selling a lot 
of modems. 
According to Phil Gleeson of 

Avtek, we are likely to see a lot 
more of the high speed (V22) 
standard coming into use in the 
next few months. The 1200/1200 
standard is " the only way to fly" 
according to Phil. In the Unit-
ed States it's very popular, and 
looks like taking over entirely in 
the long run. 
The Multimodem is unique 

Gleeson claims, in providing a 
built-in expansion bus. The de-
sign has allowed the option of 
the advanced V22 circuitry to be 
a quick and easy addition, with 
no major redesign. It also means 
that existing owners of Mul-
timodem Ils can quickly and 
economically upgrade. "We 
don't build obsolescence into 
our modems," says Phil. 
For further information, con-

tact: Avtek Electronics on (02) 
427 6688 



Modems, networks and 
data communications 
by Jon McCormack 

By now, most of us are aware of the "computer revolution" which 
has taken place over the last few years. But the micro-chip is only 
part of a bigger revolution which is underway now as you read this 
- "information technology". Man is now storing, transmitting and 
receiving huge amounts of data, and it's not just computer 
programs. Electronic mail, music, pictures - anything. This article 
looks at some specific areas of "information transfer" - modems and 
networks. 

THERE ARE TWO GENERAL WAYS computer data can be 
transferred — by serial or parallel methods. Parallel methods 
transfer more than one bit at a time — usually eight or 16 
bits. This type of transfer is suited to short distances, since 
to transfer eight bits in parallel requires at least nine wires. 
Transmission by serial methods involves transferring each 

individual bit one at a time. This means each 8-bit byte is 
broken into eight separate Is or Os and each of these is trans-
mitted. As you would expect, serial transmission requires less 
wires and is usually reliable on low bandwidth transmission 
lines. However, serial transmission is usually slower than 
parallel. 
The most common type of serial interface is RS232. It is 

also one of the biggest problem-causes in computer interfac-
ing. There is a "standard" RS232, but you should never ex-
pect any RS232 interface to be standard. The "standard" was 
set by the AEIA (American Electronics Industries Associa-
tion), quite some years ago now and was meant for the com-
munication of terminals (data terminal equipment, DTE) and 
modems (data communications equipment, DCE). The RS232 
connector has 25 pins — quite a few considering you only 
need two for communication. 
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0 2 2 2 
0 3 3 3 
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(defeated handshaking) (with handshaking) 

Figure 1. Common RS232 connections. 

A lot of those 25 pins are not used these days and as such, 
some manufacturers decided to put those spare pins to non-
standard use and that's where the problems began. The sim-
plest RS232 connections require three wires for two-way 
communications. I don't propose to go into any greater depth 
about RS232. Suffice to study Figure 1 for the most common 
RS232 connections. (Or see The ins and outs of RS232, AEM, 
Nov. and Dec. 1985). 

Data formats 
With RS232, data is transferred by changing the voltage on 
the line. A "0" is represented by a voltage between + 3 and 
+ 12 volts (called the "space" conditions), a " 1" is represent-
ed by a voltage between -3 and -12 volts (called the "mark" 
condition). Again, this is not true of all computers. For ex-
ample, the Microbee does not supply negative voltages for 
the mark condition. 
Since RS232 does not provide clocking signals, each byte 

of data transferred must have its own synchronising system. 
Normally, the line sits at the 1 (mark) state. In order for the 
receiving machine to know when a character transmission 
is starting the line jumps from the 1 state to the 0 (space) state. 
This condition signals that the data follows this bit. Similar-
ly a "stop" bit or bits is sent at the end of each character trans-
mission (always a 1). 
Figure 2 shows what data transmissions look like. The 

actual number of data bits can vary from five to eight for 

o o 

START 
BIT 

o 

BIT DATA STOP T(S) 

Figure 2. In an asynchronous transmission, each byte of 
data is a complete message in itself. A single 0 represents 
the start of the data (called the START bit). The data 
(usually 7 or 8 bits) then follows. Sometimes a parity bit 
(not shown) follows the data, then one or two STOP bits 

(ones). 

This sequence of bits has described the data 
1010010110, which is 96 in hexadecimal or 150 decimal. 
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0000 

This modem, model DS 3565 by Nokia, recently released 
by EEL Communications of Sydney, fits perfectly under 
most telephone sets and features 1200 baud full duplex 
transmission to the CCITT V.22b call mode standard as 

well as Bell 212. It automatically disconnects after loss of 
carrier. Two parallel terminal interfaces are provided. 

different methods. However, it's usually 7 or 8. The number 
of stop bits is one or two. Sometimes a parity bit is sent (es-
pecially with 7-bit data) for error checking. The parity bit is 
sent right after the last data bit, just before the stop bit(s). 
There are two types of parity — odd and even. With odd par-
ity, if the number of Is in the data bits is odd then the parity 
bit is 0, if not it's 1. Even parity is the opposite. 
Well, you might have guessed that there are a lot of combi-

nations you can have — different computers use different 
types; most terminals allow changing of stop bits, parity etc. 

Baud rates 
The most important thing about connecting two RS232 pieces 
of equipment together is making sure they're both operating 
at the right speed. The measure of the speed of a line is called 
the "baud rate" and is the maximum number of changes per 
second that can occur in the line. If the speed is 300 baud 
and you have seven data bits and one stop bit (no parity), then 
the maximum speed that you can transfer is the baud rate 
in bits per second divided by the number of bits per character: 
300/(1 start bit + 7 data bits + 1 stop bit) 
= 300/9 
= 33 characters per second. 
If you had eight data bits, even parity and two stop bits 

on the same line, then the maximum speed that you can trans-
fer is 300/(1 start + 8 data + 1 parity + 2 stop) = 25 charac-
ters per second. 

Common baud rates are 110, 300, 1200, 2400, 4800 and 
9600. Higher rates such as 19 200 or 38 400 are possible. 

Modems 
MOdulators-DEModulators have been with us for a while 
now. Modems take the computer's digital signal (e.g: an 
RS232 signal) and convert it to an analogue signal suitable 
for longer range transmission than RS232 can provide. Gener-
ally, modems are used to transfer data over the public tele-
phone, or private leased lines. Before we look at modems, 
let's look at the principles by which they operate. 
The use of telephones for communications is a technolo-

gy older than that of present day computers, and thus use 
of the telephone system for transmission has meant an adap-
tation of the two systems. Telephone systems cam/ low grade 
voice signals and have a poor bandwidth (about 300-3000 Hz). 
Because of this, standard 'phone lines cannot transmit data 
at a very fast rate; that's why most modems operate at 300 
or 1200 baud. 
How is the data actually transmitted? First, the computer's 

digital signal is converted to an analogue one, i.e: a sine wave. 
The modem transmits a continuous sine wave at a preset fre-
quency, called a "carrier". This carrier is transmitted 
whether or not data is transmitted. The carrier is modulated 
in response to the incoming digital signal. For the mathemat-
ically inclined, this carrier can be represented by the formula: 

= A sin(2/rfc t + ec) 

where: 

a, 

fc 

is the instantaneous value of the carrier voltage at time t. 
is the maximum amplitude of the carrier voltage at any time. 
is the carrier frequency. 
is the phase. 

Now any one of these characteristics (i.e: amplitude, frequen-
cy or phase) can be altered to indicate a digital 0 or 1. 

Amplitude modulation (AM) 
The amplitude, or level, of the carrier (Ac in the above for-
mula) is modulated according to the digital input [see figure 
3(a)]. In a simple form, the value of Ac can be 0, or some 
constant K, giving a wave shape as in Figure 3(b). In more 
complex situations, several levels of amplitude modulation 
are possible; four levels [Figure 3(c)] will allow twice as much 
information to be sent in the same elapsed time. Amplitude 
modulation is not often used by itself due to transmission 
power problems and sensitivity to distortion. 
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Figure 3(a). A sine wave with amplitude modulation. The 
two levels of amplitude (a and b) represent the binary 0 
and 1. The frequency remains constant. 

Figure 3(b). The simplest type of amplitude modulation 
(AM). Here the amplitude is either 0 ( represents binary 0) 
or " a" ( represents binary 1). The corresponding digital 
waveform which modulates the wave is also shown. 

Figure 3(c). This shows more complex AM — here, four 
levels of amplitude are used, each level represents two 
bits. This allows twice as much data to be transmitted than 
with only two levels. 

60 — Australian Electronics Monthly — April 1986 



AVTEK MULTI MODEM II 

When you choose a modem for 
your computer, you can't afford 
mistakes. If you need to transfer 
numerical, (especially financial) 
data or any computer program, 
absolute accuracy is essential. 
Line noise, which is only a 
"crackle in the ear" when you 
use the phone for speech, can be 
deadly to you programs and data. 
Which is why you need the 
higher performance and 
reliability of our Multimodem 
and Minimodem. 

What makes Avtek modems so reliable? 
State-of-the-art digital filters and error 
correction. Line noise, which disrupts 
data transfer, is screened out by the 
sharper filters of the Multimodem. 

Conventional modems require precise 
adjustments to function reliably. Our 
modems use digital filters which are 
crystal locked. Your Avtek modem will 
never need adjustment. 

. • • MULTIMODEM 
MINIMODEM 

MAKE NO MISTAKE 
Expansion bus — only on Multimodem Il 
Unlike other, not so nice modems, the 
Multimodem is built for the future with a 
complete expansion bus. New 
developments can be plugged straight in. 

More flexibility with Multimodem II 
Multimodem provides the full range of 
both European and American data 
communication standards, both at the 
older 300/300 baud rate and the newer 
1200/75 baud rate. 

1200/1200 baud option 
on Multimodem 
With this powerful option, which 
plugs straight into the expansion bus, 
you have access to 1200/1200 baud 
communications, the fastest available on 
the telephone network. 

Autoanswer Facility now standard 

Now a standard feature, this facility 
allows Multimodem to automatically an-

swer a calling modem and initialise 
communications. 

Baud rate convertor (option) 
When you wish to communicate at 
1200/75 baud, but your computer cannot 
support "split baud rates" this option 
solves the problem. 
Computers needing a baud rate converter 
for 1200/75 baud communications 
include the IBM PC and Commodore 64. 
Because it plugs straight into the 
expansion bus, the baud rate convertor 
does not require complex cabling 
necessary with other brands of convertor. 
Once fitted, the Avtek baud rate 
convertor is totally transparent to the 
user. 

New low prices on 
Multimodem 
From just $349 inc. tax. 

MEGAMODEM, THE MOST 
INTELLIGENT MODEM COMING 
SOON!! 
If you are about to buy a "smart 
modem" don't until you have seen the 
incredible Avtek Megamodem — the 
most intelligent smart modem ever. 
Production scheduled for June. 

VIATEL SOFTWARE.Avtek have the 
largest range at the lowest prices. We can 
supply software for Apple II, IBM PC 
(and most MS-DOS machines), Microbee, 
Commodore & others. Viatel software is 
priced from only $49.50 

Minimodem II — the highest standard 
of performance at a budget price. 

Incorporating the two essential data 
standards — 300/300 and 1200/75 baud 
rates — the Minimodem puts you in 
communication with both databases 
and the new Viatel services at 
the flick of a switch. 

Like the Multimodem, 
Minimodem uses state-of-
the-art digital filtering 
and error correction. 
Price is only $199.00 
inc tax. 

Note: Special 
Commodore versions 

available. 

Box 651, Lane Cove 2066 Phone (02) 427 6688 

Trade enquiries: Please contact Avtek or 
Dastron Pty Ltd on (02)633 2852 (Jeremy Swallow). 
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Frequency modulation (FM) 
The value of f is modulated according to the input. Figure 
4(a) shows the waveshape due to frequency modulation. A 
technique known as frequency shift keying (FSK) is the most 
common method used in modems. The carrier frequency is 
modulated up or down depending on the input. Multi-level 
modulation is also possible [Figure 4(b)). FM is usually used 
up to baud rates of about 1800 and is less affected by noise 
on the transmission line than AM. 

Phase modulation (PM) 
The phase of the carrier ( ir,) is varied [ Figure 5(a)]. This is 
called phase shift keying (PSK). As the figure shows, a phase 
change of + 180° is the same as a — 180° phase change, and 
thus the maximum range the phase can be varied is + /— 180°. 
Differential phase shift keying ( DPSK — what else!) assigns 
a 0 to 0°-to- 180° phase shift, at other times a 1 is assumed. 
Phase modulation allows up to around eight different phases 
[Figure 5(c)] allowing a lot more data to be sent over a given 
bandwidth than AM or FM. 
As stated earlier, most modems (300 and 1200 baud types) 

use FSK techniques. Higher speed modems use phase modu-
lation and frequency modulation. Currently, 2400 baud is the 
fastest modem you can use on the public switched network 
(called the 'phone by normal people). However, as technolo-
gy advances (as the saying goes) we should see 4800 and 9600 
baud modems in common use in the near future, that use mul-
tiple modulation techniques to achieve these speeds. Just im-
agine dialling-up your favourite remote CP/M system at 9600 
baud! 

Data transmission arrangement 
There are three ways in which the transmission of data 
occurs: 

(i) simplex: data is transmitted in one direction only, e.g: 
public address system; environment sampling system. 

(ii) half duplex (HDX): data travels in both directions but 
only one way at a time. i.e: A may send to B and B may send 
to A, but both cannot send at the some time. 

(iii) full duplex (FDX): data can be transmitted in both 
directions simultaneously. 

Full duplex is the most common method of communication. 

A modem's transfer of data is called an asynchronous trans-
mission. This means that each character is sent individual-
ly. Because of this, each character has its own synchronising 
system. This mode of transmission is suited to irregular in-
put, such as that from a keyboard. The actual data is proceed-
ed by some start bits and some stop bits. This is illustrated 
in Figure 2. Normally there is one start bit and one or two 
start bits. 

Standards 
Yes, as in everything in computing, there are standards for 
data transmission via modems. Most of these "standards" 
are set by the International Telegraph and Telephone Con-
sultative Committee (CCITT). The accompanying table shows 
some of the relevant ones. 

The transmission line 

The most common use of modems is for connection to the 
'phone line. The maximum transmission rate of a line is 
called its " transmission capacity". This can be calculated by 
Shannons' Law: 

where: 
C = W log2 (1 + S/N) 

C is the transmission capacity of the line, in bits per second. 
W is the bandwidth. 
S/N is the ration of signal power ( S) to noise power (N) — the 

signal to noise ratio. 

A voice-grade line with a 100-to- 1 signal-to-noise ratio (note 
that this is not 100 dB) and a bandwidth of 2600 Hz yields 
a maximum rate of 17 311 baud. This is a theoretical value 
and in practice the maximum value is much lower. This value 
is not the speed of your modem either, as full duplex mod-
ems transfer twice as fast as their speed suggests. 

A
M
P
L
I
T
U
D
E
 

If  Jv d 

fo f, 

Figure 4(a). Frequency modulation (FM) involves changing 
the frequency of the sine wave according to binary input. 
Here, fo represents binary 0 and f1 represents binary 1. 
FM, or FSK is the most common method used for slow-to-
medium speed modems. It is also used in small home 
computers for reading and writing data onto a cassette. 
(You can't connect your cassette interface to the ' phone, 
however!) 

f„ 

Figure 4(b). Multi-level modulation. Here there are four 
different frequencies which represent the binary 00 01 10 
and 11. Four times as much information can be transferred 
in the same time as the two-level FM shown in 4(a). 
Practical frequencies for modem use might be: 

fui = 1300 Hz 
o = 1600 Hz 

foi = 1900 Hz 
foo = 2200 Hz 

fno 

ruE 

Figure 5(a). Phase modulation (PM, or PSK) is used in the 
higher speed modems. The diagram shows a phase change 
of 90°. This can be used to signify a ' 1'. At all other times 
a ' 0' is assumed. Note that with PM, the frequency and 
amplitude remain constant. 
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Figure 5(b). This shows " dibit" (' dye-bit' — meaning two 
bits) modulation — two bits of information per change on 
the line. In the example here there are four different phase 
cycles possible and each one indicates a particular 
combination of two bits. The corresponding digital input to 
modulate the resultant wave is also shown — strictly 
speaking this is not a good way to show the digital input, 
because before a phase change is made two bits must be 
received to decide which of the four phase changes is 
required. 
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RELEVANT STANDARDS 

INTERFACE BETWEEN THE MODEM AND DATA-PROCESSING MACHINE 

CCIT Recommendation 

V.24 Definition of interchange circuits between modems and data terminal equipment. 
V.25 Automatic calling and/or answering equipment and disabling of echo suppressors. 

MODEM STANDARDS FOR USE ON THE SWITCHED TELEPHONE NETWORK 

CCITT Recommendation 

V.21 300 baud modem, full duplex. 
Originate device: logic 0 = 1180 
Answer device: logic 0 = 1850 
Answer tone frequency: 2100 Hz 

V.23 600/1200 baud modem, half duplex. 
Mode 1 = 600 baud: 

Transmit: 
Mode 2 = 1200 baud: 

Transmit: 

Hz logic 1 = 980 Hz 
Hz logic 1 = 1650 Hz 

logic 0 = 1700 Hz 

logic 0 = 2100 Hz 

logic 1 = 1300 Hz 

logic 1 = 1300 Hz 

Provision for 75 baud backchannel: 
logic 0 = 450 Hz logic 1 = 390 Hz 

V.26b 2400/1200 baud modem, full duplex. 
V.30 Parallel data transmission modems. 
V.22 Standardisation of data-signal rates. 
V.25 Automatic calling and/or answering equipment disabling echo suppressors. and 

The CCITT standards apply to Australia and most European countries. However, in America 
are "Bell" (from Bell Labs, now called AT&T, owners of the USA 'phone network). 

Bell 
103/113/108 300 baud half or full duplex modems 

Originate device: 
logic 0 = 1070 Hz logic 1 = 1270 Hz 

Answer device: 
logic 0 = 2025 Hz logic 1 = 2225 Hz 

202 1200/600 half duplex, 75 baud backchannel 
Transmit: 

logic 0 = 2200 Hz logic 1 = 1200 Hz 

201 2400 baud, 4-phase 
212 1200 baud modem 
208 4800 baud, 8-phase PM modems 

Which type of modem? 
After that swag of theory you're now wondering how it all 
relates to real world modems, and what sort of modem should 
you buy. It depends on what you want to access. 

In Australia, most public access systems you can phone 
up required 300 baud V.21 modems (this includes most re-
mote CP/M and bulletin board systems). Some now (or soon 
will) offer 1200/75 modem. If you want to talk to the folks 
overseas in the US of A you'll need a Bell-compatible mod-
em as well, or a modem capable of Bell operation. 
The fastest modem you can readily buy runs at 2400 baud, 

full duplex. Compared to 300 baud that's fast. Few public ac-
cess systems in Australia have modems running this fast. 
However, in the United States 2400 baud is becoming quite 
common. As an example, local manufacturer, NetComm, 
makes and sells a 2400 baud modem that also has 1200/1200 
and 300 baud. On top of this it has auto-dial, auto-answer, 
auto-hangup and auto-speed selection. Not bad for a box that 
fits under a standard phone! 

the standards 

The modem you buy will most probably depend on your 
budget. Most lie between about $150 and $3500, depending 
on speeds and features. Bear in mind that 300 baud is on the 
way out, 120011200 and 2400/2400 baud modems are the way 
of the future. 

Networks 
Most people have heard the word "network", few realise how 
general the term really is. A network in the computer sense 
is an arrangement of intersecting data lines. Connected to 
these lines are computer devices. The purpose of these lines 
is to allow several computers to communicate to each other 
and more complex networks allow several machines to share 
files and/or resources such as disks, printers or terminals. 
Points where the data lines intersect are called "nodes" — 
one (sometimes more) computer(s) or peripherals can be con-
nected to each node. The network software/hardware allows 
transfer of data from one node to another. If the two nodes 
are not connected directly together then the data is trans-
ferred via other nodes (called "routing"). 
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Avtek's annular -Multimodem" has been enhanced several 
times since it came on the market a few years ago. The 
latest model features operation on CCITT standards V.21 
(300 baud full duplex), V.23 ( 1200/75 baud, including 
Viatel) and V.22 ( 1200 baud full duplex). The Bell modes 
can also be selected. Locally manufactured, it has the 

unique facility of an internal expansion bus for later add-
ons. It costs S699 fully optioned. 

You may wonder why you can't just connect all the nodes 
together so each node is connected to every other node, thus 
allowing data to be transferred directly from any node to any 
other. There is no reason why you can't. However, if each 
of your nodes are in, for example, Melbourne, Sydney, Perth 
and Darwin, the cost of connecting each city (node) to every 
other would be very expensive, and probably not worth it 
anyway. 
The path a message may take depends on factors such as 

line load and state of the line ( i.e: if it's working or not). Effi-
cient routing algorithms have been the subject of much 
research by computer scientists, who are always looking for 
‘vays to make transfers more efficient. The network allcm s 

one node (computer) to talk to many different computers, not 
necessarily all at the same time (see Figure 6). The most com-
mon example of a network is the phone system — the public 
switched network [Figure 6(b)]. One computer can connect 
to many different computers, simply by dialling up the 
desired node. There are many other networks; I'll briefly ex-
plain them as a complex study of networks is a book in itself. 

Telecom-provided networks 
As Telecom are responsible for landline communications in 
Australia, they offer a number of data transfer and commu-
nications facilities and networks. 
A network known as "packet switching" requires that data 

from each node is sent in quantised "packets" (see Figure 
7). The packet switching nodes are computers, not circuit 
switching exchanges as in the normal telephone system. All 
messages must be in a special format, which usually includes 
both source and destination address. When a message 
reaches a node, it is stored in memory then sent to either 
another node or to a user. 
The path a packet takes to travel from A to B may vary each 

time it is sent, depending on line loading or failures. Tele-
com has its own packet switched network — "Austpac" 
which was introduced in 1982 and operates on a nationwide 
level with links to international packet switched networks. 
On Austpac, each packet contains the data, call control in-
formation (such as destination) and error control informa-
tion. Packets may contain up to 1K of data. Charging is 
dependent mainly on the amount of data sent, not on dis-
tance, i.e: it costs the same to send 1K of data from Melbourne 
to Sydney as from Melbourne to Perth. You can access Aust-
pac via Telecom installed nodes or by dialing a node via the 
telephone system. The phone system itself is not part of 
Austpac. 
Telecom also provides the Datel service which is more 

suitable for sending large amounts of information between 
fixed locations as a permanent connection must be made. 

Viatel is another service offered by Telecom, but is not 
strictly speaking a network. Viatel allows registered users 
with the proper modem (1200/75 V.23) and terminal (or com-
puter with terminal emulator) to access the Viatel computer. 
The user can then do things such as find out stock exchange 
information, weather, do banking from home, order equip-
ment, send a telex anywhere in Australia, etc. 

Figure 6(a). DI9( DRIVES COMPUTER 
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In Figure 6(a) we see a representation of a computer 
'network'. Each of the oval shapes represent nodes: 
connected to each node may be a computer or peripheral 
device such as a printer. The lines that link each node are 
called data lines". It is important to realise that the 
distance between two nodes may be as little as a metre or 
as great as the distance from Sydney to Perth. Since not 
all nodes are connected together, if for example Node A 
wishes to send a message to Node F, the networking 

Figure 6(b). 
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software must work out the most efficient route to send 
the message. This is not just the shortest distance. The 
message may travel via nodes E, D and G to reach F. 

In Figure 6(b) we see the public switched network 
(telephone system). Here, each node is the local exchange. 
In order to reach another ' phone, which may be interstate 
or even overseas, several exchanges connected via long 
distance links must be used — routing is at work again 
here. 
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Viatel is dialled-up on the phone from anywhere in Aus-
tralia and you are only charged the cost of a local call. Viatel 
is in effect a giant electronic magazine, with a number of or-
ganisations (called "Service Providers or SPs) having pages 
in the magazine. Sometimes you are charged to look at SP's 
pages, but usually it's no more than about two or three cents 
per page. One of the most exciting facilities about Viatel is 
it's electronic mail. For five cents you can send a letter to any 
registered user, anywhere in Australia — rates are distance 
independent. 
Every user has a special number called the Viatel number, 

which is like a person's address. For example, my number 
is 359263270. If someone wants to send a letter to me they 
must know my number. However, 9-digit numbers are a bit 
hard to remember so Viatel provides an alphabetical list of 
registered users which you can look at to find a person's num-
ber. While Viatel is very simple, without the features of most 
RCPMs etc., it does have huge amounts of information and 
Australia-wide coverage which really makes it quite 
powerful. 

Figure 7. Here is a packet switching network. The packet 
switching nodes are computers, not circuit switching 
exchanges as in the public switched network. All messages 
must be in a special format including some form of 
destination address. When a message reaches a node it is 
stored in memory then forwarded either to a user or to 
another node. The route a message takes may vary 
according to line loading or line failure. 
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Figure 8. A networked file server incorporates a high 
speed local area network (LAN) to allow several diskless 
computers to share one large disk. The performance of 
file-served machines as opposed to disk machines is 
similar, but costs are less if many machines are served by 
one large disk. 

Local area networks 
Another common type of network is the "Local Area Net-
work" or LAN for short. LANs are used to connect computers 
separated by a small distance, such as the same building. 
LANs usually operate at very high speeds, up to 10 million 
bits per second is common. Data is usually transferred via 
coaxial cable or optical fibres as these media have a very high 
bandwidth. Because of the speed more complex operations 
are possible rather than just "electronic mail" or file transfer. 
"Network File Servers" used on LANs allow several disk-

less computers to use one large disk (see Figure 8) at speeds 
similar to those with in-built hard disk drives. LANs are popu-
lar for use with personal computers and minicomputers. 
Most network software allows such things as file and node 
access protection, priority message transfer etc. One of the 
most popular minicomputer LANs is "Ethernet", mostly used 
on UNIX machines, but becoming available for PCs. Ether-
net allows transfers at a speed of 10 Mbits/sec and accepts 
a wide variety of communications standards. Many LANs 
(sometimes pseudo LANs) are available for IBM PC-type com-
puters, most of these are of limited use as they have no stan-
dards for connecting to other computers as they rely heavily 
on PC compatability and thus are not as general as, say, 
Ethernet. 
Network software is a highly specialised area with a great 

deal of research work still underway to provide better and 
faster communication between computers. One Australian 
piece of software, "ACSnet" (Australian Computer Science 
Network), allows a large degree of transmission media 
independence (i.e: it does not care if two nodes are connect-
ed by coax or telephone, nor at what speed they transfer data). 
ACSnet software was developed at Sydney University and 

is distributed by the Computer Science department there. 
ACSnet has replaced the UNIX program UUCP in Australia I> 

BUILD A MODEM 

YOURSELF 

AT A FRACTION OF THE 

COST OF COMMERCIAL 

UNITS. 

AEM 4600 — A ` DUAL-SPEED' 
DIRECT- CONNECT COMPUTER MODEM 

Get into the computer communications revolution with this 
simple to build and operate modem. It features both 300/300 
and 1200/75 baud operation which covers the majority of 
popular applications. The project supports 300 baud full duplex 
operation and 1200/75 baud half duplex operation. 
Designed around the '7910 "World Modem" chip, which has a 
comprehensive data sheet available. 

KIT PRICE ONLY $144.61 inc. tax. (less front panel) 
$6.88 p&p for mail orders. 

ALL ELECTkONIC COMPONENTS 
118 - 122 LONSDALE STREE1 MELBOURNE. VIC 3000 Austrolto 

(03) 662 3506 
...e. 
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GOT A MICROBEE SERIES 1/11/111? 

GOT THE VITAL CONNECTION? 
CONVERT IT FOR VIATEL OPERATION AND JOIN 

THE 'REVOLUTION NOW! 
It you're capable of wielding a soldering iron and prepared to spend an hour 

or so working on your 'Bee, then send for this 

`Short Form' Conversion Kit 
Comprising full instructions, a small printed circuit board, software on 
ROM or disk, manual and Viatel control key overlays. 

FOR JUST $29.50! 
Inc. post and handling 

All you have to provide is a few common ICs, a resistor and some 
capacitors, plus a little time and effort - then your Microbee's ready 
to roll on Viatel! 

We have only a limited quantity of these conversion kits left, so 
don't delay, fill out the coupon now and post it today! 

This offer is exclusive to readers of Australian Electronics Monthly. 
Don't delay. Once we run out of stock, there are no further 
supplies available. 

liTake advantage of this offer today! Just fill 
j out the coupon and send it, together with 
0 your cheque, money order or credit card 
• details, to: 

ØAustralian Electronics Monthly 
`Microbee Viatel Conversion Kit Offer' 

P PO Box 289, WAHROONGA NSW 2076 
0 All mail orders will be despatched by 
0 certified post. Please allow for normal mail 

turnaround delays. 

Name  

0 Address  

o 
 Postcode  

0 Signature  
0 (Unsigned orders cannot be accepted) 
0 

O Microbee Viatel Conversion kit(s) 

!FULL COST: S29.50, inc. post 
P and handling. 

01 require software on: 

! . . . ROM (2764 only) 

: .. . 3.5" disk 

dP . . . 5.25" disk 

F I enclose payment by •   

0. Credit Card No.:   

0 Expiry Date . / /  

O Cheque or Money Order 

0 No-

0 
d Please make cheques or Money Orders payable 
r to 'Australian Electronics Monthly' 
g ‘ikliikIiikwLwk‘iklm‘iikii& 

PLEASE RUSH ME . . . Short Form 
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(11017) duop oe Prie**, 
(S*S) or   0.0ePte• Sellen  diet 
(ele) dl  
(1,011VC) - eeeeeeeeeeeee duque len es 

Como« t e. 

INISTree Pi« 

55  ..er 
• e 

Swooeteowe Inf«...•1100 t rreduele 
•  « oiga [deba.« 
$ lewilimp le. eeeee len 
4 UMUMPTONO 403e> re«. ¡ el te 

imeees. Peer Pe. eeeeee Ne. supplied 
O l'usurea.. lefereeetew • Oeruteee 
4 Come«, eeeee »e 
leelneee Pero/lees 

• t• 

THE 
SAM1275 
MODEM 
FROM 
PULSAR 

SOLO) 
AUSTRALIAN 
TECHNOLOGY 

SENSIBLY PRICED 

$750 plus tax. 

It has: 
300/300 baud (V.21) 
1200/75 baud (V.23) 

1200/1200 baud (V.22) 
Real Hayes compatibility 

Auto dial 
Auto answer 

Baud rate conversion 
Auto sense on incoming baud rates 

Handset 
Pulse and tone dialling 

Telecom Approval 
Connect and disconnect strings 

Dial-back security, inbuilt 
Viatel software 

for IBM & Apple available. 

The SAM1275 is uncompromising 
Australian technology, thoroughly 

doçumented, in 'No Frills' packaging. 

For further information, ring 
David Furst. 

'PULSA 
rsiLn-ruakr,ocellvu en. 

Catalina Dr. Tullamarine Vic. 3043 
Telephone 1031 330 2555 
Telex INTMB AA10104 

PULSARELEC 
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Probably the lowest-cost ready- built modem on the market 
(at 8189.50) is Microbee Systems' " Beemodem". Though 
made specifically for the locally- produced Microbee, it can 
be used with any computer having an RS232 port and 
terminal software. It features both 300 baud (V.21) and 
1200/75 baud (V.23/Viatel) operation and comes with the 
'phone handset. 

as it is more secure than UUCP but still allows all the net-
work niceties such as electronic mail and file transfer. The 
Sydney-based RUNX public access system allows users to 
use ACSnet and many other public dial-up systems are con-
sidering its installation. 

Rockwell 
DOUBLE DENSITY 
FLOPPY DISC 
CONTROLLER 

OUTSTANDING 
PERFORMANCE & 

PRICE 

elllealeintdmri 
nnnnnurinnnnnnnnnnnnn  
eggri,-gsgsgggsge;grizsgr; 

S9/91:I 
_   

LILILIUUUUUUULJUIJULJUULJULI 
emler¢e8i3 gsa 8 as Ir § 

4/MHz/8MHz IBM FORMAT SONY 

FORMAT Replaces Intel 8272 

NEC NPD765A 

energp 
CONTROL 

73 6.7 Sr'... 6000, Ow .300 
K) Bo. 6502 Goo0na 0.0 4300 
070, (071 260 2455 Tele, 0.003778 ENECON 
New.2..4,00, ce 
Prx,..M726.62 ,ele , 4MUSAUWOR 

In addition to normal communications many networks pro-
vide special connections to other networks or computer sys-
tems. These are called "gateways". Gateways open a channel 
to other networks or computers. Depending on the situation, 
facilities available may be more limited than those available 
on the host network. To connect to some computers, the user 
may (directly or indirectly) have to access several gateways. 
Gateways therefore are a type of network in themselves. 

Conclusions 
We've covered a lot of ground yet only touched the surface 
of the world of information technology. Future trends show 
much more networking between all sorts of computers. There 
may be a day not too far away when the disk drive you use 
on your PC is located hundreds or thousands of miles away 
— with performance the same as if in-built. 
The trends are to all-digital transmission, optical fibre tech-

nology and satellite transmissions. As systems performance 
becomes faster we will see more complex things than just 
"electronic mail" — pictures, books, music, films etc., can 
all be turned into is and Os. 
One day a person will be able to access virtually all the 

recorded information in existence — far more than any in-
dividual can comprehend in one lifetime. These concepts are 
very frightening if their use and accessibility is not careful-
ly considered — we need to be the masters of information 
technology, not its victims. 
Well, enough of the " 1984" stuff, if you want to find out 

more about IT, I can recommend Data Communications, Net-
works and Distributed Processing by Ulyess D. Black — Reston 
Publishing ( Prentice Hall) Co. The book is much more tech-
nical than this article but still explains the basic concepts 
and is easy to understand. Telecom also provide many book-
lets on their data communication services, available from 
your local Telecom business office. 

FINDING IT 
HARD TO GET 
* SEMI CONDUCTORS 
* INSTRUMENT BOXES 
* 8-10 WATT RESISTORS 
* VERO & RISTON BOARDS 
* ALLTRONIC & DICK SMITH 

KITS 
* TRANSFORMERS 
* CB & MARINE RADIOS 

* CABLES, PLUGS, 
SOCKETS AND SPEAKERS 

* AMIDON IRON POWDER 
AND FERRITE CORES 

(Amidon Catalogue $4 Post Free). 

THEN SEE US!! 
lari.J.TruSCMS 

ELECTRONIC 
WORLD 

30 LACEY STREET CROYDON 
(03) 723 3860/723 3094 

Mail orders welcome. 

* * * * * * * 

* CLEARANCE * 

* SALE * 

* * * * * * * 

YOUR CHANCE TO BUY WELL 
KNOWN SILVER-REED DAISY 
WHEEL PRINTERS STILL IN 
MANUFACTURERS CARTON. 

WELL BELOW COST PRICE 

EXCL INCL 
SALES SALES 
TAX TAX 

EXP550 PARALLEL $380 EA $420 EA 
EXP550 SERIAL $380 EA $420 EA 

c3PRINT SPEED 19 CPS (MAX) 
OFIRST RATE LETTER QUALITY 
OBIDIRECTIONAL 
OPAPER WIDTH 432 MM (17 IN) 

FOR FURTHER DETAILS CONTACT: 

ROGER COTTERELL 

V5I 
(  

VSI Electronics 
16 DICKSON AVE 
ARTARMON NSW 2064 

TEL: (02) 439 4655 
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aem project 4610 

A software-driven 
super modem project 
Chris and Dan Darling - design 
Roy Hill - articles 

If you drew up a "wish list" of everything you wanted in a modem, you'd likely 
draw up the specification for this project. Firstly, and most importantly, it can 
be used with any computer that has an RS232 serial interface and suitable 
communications or terminal software. It features the capability to operate on 
all of the CCITT V21 (300 baud) and V.23 ( 1200/600/75 baud) signalling 
standards plus the Bell 103 (300 baud) and 202 ( 1200/75/5 baud) 
standards. In addition, it has auto-dial/auto-answer features and tone-dialling 
capabilities. All functions are selected from a menu, operation being 
controlled by its own internal microcomputer system. And it doesn't cost 'an 
arm and leg' for a kit or contain expensive, hard-to-get, special purpose ICs. 

Part 1 
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IF YOU CANVASSED many computer users, who'd had ex-
perience with a modem, about the characteristics of their 
'ideal' unit, you'd hear them saying such things as — ". 
faster than a speeding ASCII bit, more powerful than a block 
move, able to leap tall downloads in a single . . ." — you know 
that we mean. Simple, low cost, switch-operated modems are 
fine as "starters" units, but constant dialling, operating the 
'phone/modem' line switch, hanging up and going through 
it all again, tends to pall after a while. 'Smart' direct-connect 
modems with all their functions totally software driven, 
where you are able to select operating mode and dial a num-
ber that may be stored on your computer's disk for example, 
appeared on the commercial market some years ago. The con-
venience and flexibility of this arrangement is immediately 
clear and is a trend that has accelerated rapidly. Their price, 
however, is fearsome, principally because they are aimed at 
a strictly "commercial" market and secondly, as they are im-
ported, unfavourable exchange rates and import duty force 
up the final price to the customer here. 
For the many not so well-heeled who need an efficient so-

lution to a data communications need — schools and hob-
byists particularly — the project presented here should fulfil 
the majority of requirements for a 'smart' direct-connect 
modem. 

Features 
Of principal interest is the set of signalling modes the mod-
em supports. They are as follows: 

a) CCITT V.21 300 baud, full duplex. 
b ) CCITT V.23 600 baud, half duplex, 75 baud back channel.* 
c) CCITT V.23 600 baud as above, but with soft turn off. 
d) CCITT V.23 1200 baud, half duplex, 75 baud back 

channel.* 
e) CCITT V.23 1200 baud as above, but with amplitude 

equaliser. 
f) CCITT V.23 1200 baud as (d), and with soft turn off.* 
g) CCITT V.23 1200 baud as (f), but with amplitude equaliser. 
h) Bell 103, 300 baud full duplex.* 
i) Bell 202, 1200 baud half duplex with 5 baud back channel. 
j) Bell 202, 1200 baud as above, but with amplitude 

equaliser. 
k) Bell 202 1200 baud, half duplex, 75 baud back channel. 
I) Bell 202 1200 baud, as above, but with amplitude 

equaliser. 

Additional features include: 

• Complies with Telecom requirements 
• Fully software driven; no other controls 
• Software in EPROM gives ability to upgrade later 
• Auto-dail capability 
• Auto-answer capability 
• Auto-hangup capability 
• Tone-dialling capability 
• Bit rate conversion in either direction 
• Line monitoring speaker 
• Expansion bus to accommodate future add-ons 
• 8K RAM buffer (with optional battery-backup) 

Background 

Brothers Chris and Dan Darling own and operate a business called 
"Maestro," which they started some five years ago. Maestro is locat-
ed on the Central Coast of NSW, just north of Sydney. Initially, they 
did preliminary electronic design and programming under contract, 
along with electronic organ servicing (these days, the beasts are all 
microprocessor controlled and contain substantial digital circuitry). 
Their aim was to get into computer-oriented work. 
They saw a need for locally-produced modems when Telecom's 

Viatel videotex service was launched as the prices of imported mod-
ems appeared prohibitive for many potential users. Chris and Dan set 
about to design a modem and accompanying software package for 
Apple II owners. Known as the "Apple II In-modem" (as it's a plug-in 
unit), the final product was launched last year as a ready-built direct-
connect unit complete with videotex software, retailed through George 
Parry's Micro-Education. It is a highly successful product. Following 
the success of this unit, they will release a new Maestro Apple mod-
em shortly, and are looking towards the export market. 
The modem design presented here commenced as a unit designed 

to address the IBM PC and compatibles market which Chris and Dan 
perceived required a smart modem as IBM users', in their experience, 
tend to demand more than Apple users. They set down a broad specifi-
cation and commenced some design research which resulted in a ' lash-
up' prototype substantially as per the block diagram shown here. It 
became obvious, though, that it would suit any computer with an RS232 
interface. Having got that far, it became apparent that adding an ex-
pansion bus to permit add-ons, especially V.22 1200/1200 baud capa-
bility, was a natural progression for the tendency in the market at 
present is for users to buy two separate modems, one with V.21N.23 
capability and a separate V.22 modem. 
An essential part of the design philosophy was to employ readily 

available, second-sourced ICs and other components throughout to 
obviate problems with component supply in the first place and servic-
ing difficulties at a later date with installed units. 

At the stage where they had the majority of foatures worked out and 
a substantial working prototype, Chris and Dan approached the maga-
zine suggesting it would make an interesting and popular project. We 
could but agree. In addition, we saw an opportunity to promote Aus-
tralian electronic entrepreneural endeavour. So, local technical writer 
Roy Hill was commissioned to write the necessary articles and 
documentation. 
As Maestro has the stocking and assembly facilities, they are able 

to offer both kits and built-up units via mail order. Kits will be priced 
below $300, built-up units (Telecom approved) priced below $400. This 
offers a substantial saving over imported units. Additionally, Maestro 
also has available a ' Viatel Communications Package' in either Ap-
ple or IBM format on 5.25" disk at under $20 for a limited period. 

Roger Harrison 

The Circuit Overview will explain salient points of the var-
ious features. The expansion bus provides for later hardware 
add-ons, while the EPROM permits later software enhance-
ments — the two going hand-in-hand. Add-ons planned as 
future projects in the magazine include: 

• V.22 (CCITT) 1200 baud full duplex operation 
• A reliable EPROM programmer 
• Real time clock 
• ASCII-to-speech converter 

Here's a photograph of the prototype. A double-sided, plated-through hole board with solder mask is used and the whole unit 
mounts neatly in a readily available, low-cost, sturdy plastic instrument case. The expansion bus connector can be seen at 
the rear left hand side of the board. The layout is quite ' open', making assembly a relatively easy task. Note the use of IC 
sockets throughout. 

* Note: A 150 baud back channel is available as an optional selec-
tion with these modes. April 1986 — Australian Electronics Monthly — 69 



ELECTRONIC FACILITIES 
TECHNOLOGY TO MAKE IT HAPPEN 

74LS SERIES 
MICRO & 

4000 SERIES CMOS PERIPHERALS 
PART NUMBER PRICE EA 

74LSOO 
74LSO2 
74LSO4 
74LSO5 
74LSO8 
74LS10 
74LS11 
74LS13 
74LS14 
74LS20 
74LS22 
74LS30 
74LS32 
74LS38 
74LS42 
74LS74A 
74LS83A 
74LS86 
74LS90 
74LS93 
74LS109 
74LS123 
74LS125A 
74LS126 
74LS132 
74LS136 
74LS138 
74LS139 
74LS157 
74LS161A 
74LS162A 
74LS164 
74LS165 
74LS174 
74LS175 
74LS190 
74LS192 
74LS240 
74LS244 
74LS245 
74LS247 
74LS251 
74LS257A 
74LS258A 
74LS259 
74LS365A 
74LS367A 
74LS368A 
74LS373 
74LS374 
74LS377 
74LS390 
74LS393 

.55 

.55 

.55 

.55 

.55 

.55 

.55 

.55 

.65 

.55 

.50 

.60 

.60 

.65 

.65 

.55 

.75 

.50 

.75 

.80 
75 
.90 
.65 
.75 
.90 
.75 
.90 
.85 
.65 
75 
80 
85 
.90 
.75 
.75 
95 
.80 

1.45 
1.45 
1 45 
.95 
85 
90 
90 
90 
90 
.75 
.80 

1.45 
1.45 
1.45 
1.40 
.95 

3VER 25 ITEMS OF ANY TYPE 

LESS 71/2% 

PART NUMBER PRICE EA 

4001B 
4002B 
4006B 
4007U B 
4008B 
4011B 
4012B 
4013B 
4015B 
4016B 
4017B 
4020B 
4023B 
4024B 
4025B 
4040B 
4044B 
4049B 
4069UB 
4071B 
4081B 
4085B 
4093B 
40160B 
40174B 
4503B 
4510B 
4512B .)41 

é 

.50 

.50 

.85 

.50 

.85 

.50 

.50 

.90 
1.20 
.80 

1.40 
1.40 
1.50 
1.10 
.90 

1.60 
.95 
.50 
.50 
.50 
.50 
.50 
.50 

1.65 
.90 
.65 

1.60 
1.60 

ART NUMBER 

8085A 
8155 
8212 
8216 
8251 
8255 
8039 
8259 

PRICE E 

$3.6 
$3.6 
$3.00 
$3.00 
$3.60 
$3.00 
$3.60 
$3.60 

OVER 25 ITEMS OF ANY TYPE 
LESS 71/2 % 

OVER 25 ITEMS OF ANY TYPE 
LESS 71/2 % 

MEMORY 

PART NUMBER PRICE EA 

2114 3.00 

NMC 9817 
5V EEPROM 2K x 8 36.50 

41256-15 9.00 

4164P-15A 
150ns 64K 

DYNAMIC RAM 2.50 

6264LP-15 
150ns 8K X 8 

STATIC CMOS RAM 7.20 

2764-25 
25Ons 8K X 8 EPROM 4.95 

6116LP-3 
150ns 2K X 8 

STATIC CMOS RAM 3.80 

2716-45 
450ns 2K X 8 

EPROM 5.9E 

2732A 
250ns 4K X 8 
EPROM 5.6C 

OVER 25 ITEMS OF ANY TYPE 
LESS 71/2% 
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ELECTRONIC FACILITIES 

I.C. SOCKETS 

QUALITY DUAL-WIPE TIN SOCKETS 
6 Pin 
8 Pin 

14 Pin 
16 Pin 
18 Pin 
20 Pin 
22 Pin 
24 Pin 
28 Pin 
40 Pin 
64 Pin 

.18e ea. 

.24e ea. 

.42e ea. 

.48e ea. 

.54e ea. 

.60e ea. 

.66e ea. 

.72e ea. 

.840 ea. 
$1.20 ea. 
$1.92 ea. 

OTHER DEVICES 

MC 1488 
Quad Line-Driver $1.44 ea. 

MC 1489 
Quad Line-Receiver $1.44 ea. 

ULN 2003A 
Transistor Array $1.68 ea. 

AN 6912 (equiv LM 339N) 
Quad Op-Amp 0.72 ea. 

AN 6781 Period Timer 
Lap Time Indicator 
AN 6780 Long Period Timer (1 week max) 

  $5.33 
$2.30 

TOP QUALITY LOW COST HEATSINKS 

225 

The 225 SERIES heat sink is a press-on, low cost unit for TO-5 devices. 

270 

rhis SERIES is designed for use with plastic-cased TO-220 style devices. 

637 

The637 SERIES are high performance heat sinks designed for plastic power transistors. 

673 

The 673 SERIES heat sink is designed for use with either the TO-3, TO-66, or two TO-220 style devices 
height is required. 

225 270 637 673 

OVER 25 ITEMS OF ANY TYPE LESS 71/2 % 

NOTE: "SURFACE MOUNT DEVICES" 
NOW AVAILABLE FROM NATIONAL PANASONIC 

MISCELLANEOUS 
Trimpots 
Opto-Electronics 
Transistors & Diodes 
Resistors 
Resistor Networks 

Capacitors 
Disc Drives 
LCD's 
LED's 
Switches 
IC Sockets 

D Type Connectors 

Relays 

.95 

.55 

$1.50 

.95 

where low 

ELECTRONIC FACILITIES PTY. LIMITED 
67 Dickson Avenue, Artarmon. 
Sydney N.S.W. 2064 Australia. 
Telex AA177084 

ALSO PIK ABLE FROM 

GATT INOLISTRIBill PTY. LTO. 

10/59-61 Gymea Bay Road, Gymea 
N.S.W. Australia 2227 
TEL (02) 526 2222 526 2900 
Telex: AA 70492 

Mail Orders: TOLL FREE (008) 22 6385 
MAIL ORD« 

POSTAGE RATES 
MOE 

PO Box 351, Artarmon, N.S.W. 2064 Sydney 439 3786 

NOVOCASTRIAN ELECTRONIC SUPPLIES 
24 Broadmeadow Rd. 
Broadmeadow N.S.W. 2292 

NEWCASTLE (049) 62 1358 

All ELECTRONIC COMPONENTS 
118 - 122 LONSDALE STREET. MELBOURNE. 

VIC 3000. Austral. 

Telephone 062 3500 

DEALER AND TRADE ENQUIRIES WELCOME. Ki 
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I/O SELECT 

ATO-A15 

2.4576 CU71 

6 0 ou tsr. <  

IC14 
741.5138 
DEVICE 
SELECT 

MU X CLK 1-12008d 
MUD CLK 2- 800Bd 
MUX CLK 3- 300Bd 
MUS OLE 4-1508d 
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MUD CUL 6- Sad 

IC5 
0114060 
MU X 
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Overall block diagram of the Super Modem. 
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System software 
The software to drive the system is written in 6809 assem-
bly language and is contained in the EPROM. The software 
only takes up a small amount of the space inside this EPROM 
(currently a 2764 — 8K x 8), leaving plenty of room for the 
future addition of software drivers for the proposed expan-
sion boards. On receiving a select signal from the host com-
puter via its RS232 port, the modem sends a menu selection 
to the screen. This menu selection looks like: 

**** 

RECEIVE 

1200 
1200 

C BRC 

D 

75 
75 

MENU **** 

TRANSMIT 

BRC 75 

75 
1200 
1200 

E 7;00 ORIGINATE 

F 300 ANSWER 

CURRENT STATUS 

A: 1200 BRC 75: 

Let's take a look at some aspects of the menu. BRC refers 
to Bit Rate Conversion — a means of converting low bit rates 
to high bit rates and vice versa. This allows for conversion 
of 1200 to 75175 to 1200 in either direction and also supports 
baud Bell 5-150 bit rate conversions from 1200 bps (baud). 
This is essential with some computers (e.g: the Commodore 
64). 
The appropriate transmission/reception rates are selected 

by pressing the corresponding alphabetic key. The selection 
chosen (or the default selection when first fired up) is dis-
played in the CURRENT STATUS window. Further options 
are available through the use of CONTROL keys and the 
menu may be extended when further options e.g: 1200 baud 
V.22 full duplex become available. A detailed discussion of 
these codes and their corresponding selections will be co-
vered later in this project. However, regardless of the codes 
or their corresponding selctions, all I/O is handled through 
the 6809. 
The main use of the 8K CMOS RAM chip is to provide 

buffer space for incoming/outgoing data. The buffer is a ful-
ly re-circulating type. It is not necessary to empty the buffer 
completely before it starts filling again. The 6809 keeps track 
of the current location of the buffer pointer and simply over-
writes old transmitted/received data with fresh data. The 
buffer is capable of being battery-backed and circuitry is 
provided on the board for this purpose. An external NiCad 
battery (i.e: external to the board, but inside the case) will 
have to be supplied by you. 

If the modem is disconnected from the computer, but still 
has the power applied, it is still possible to receive incom-
ing data. A message stored inside the EPROM warns the 
sender that the modem is not connected and that only 8K 
of RAM is available for the reception of data. Any transmis-
sions received whilst the modem is disconnected can be 
examined when the modem is reconnected to the computer. 

The auto-dial feature of the modem will try to ring a num-
ber five times before giving up. The modem dials the number, 
and if it is engaged, waits 20 seconds and then tries again. 
After five unsuccessful attempts the modem disconnects from 
the line ('hang-up'). As mentioned previously, an on-board 
speaker allows audible monitoring of the dialling process. 
For monitoring exchanges which do not have fast switch-
ing mechanisms, hitting the space bar during the entering 
of a number will insert a delay (pre-determined by the firm-
ware) into the dialling sequence to allow the exchange to 
catch up. More details on the software will be given in a fol-
lowing article. 

Circuit overview 
The heart of the circuit is a Motorola MC6809 high perfor-
mance 8-bit microprocessor (Ido). This unit was chosen to 
provide the versatility of operation that a project of this na-
ture requires. The memory map for the microprocessor is 
quite simple — an 8K CMOS RAM chip (IC18) occupies the 
very bottom of memory (locations 0 — 2048 decimal, 0 — $800 
hexadecimal) and an EPROM (IC19) occupies the very top 
of the memory map from locations 49 152 — 65 535 decimal, 
$C000 — $FFFF hexadecimal. The EPROM supplied is in 8K 
type 2764 and it splits this area in two identical halves. That 
is, the contents of the top 8K of memory is echoed in the bot-
tom 8K. A jumper location on the board will later enable the 
selection of a 16K EPROM, to occupy the whole of this space. 
This will enable future projects to be accommodated, without 
requiring extensive hardware modifications to the board. 
The modem part of the project employes the popular 

AMD/Thomson 7910 World Modem chip (IC21). Four 
74LS151 multiplexers drive two MC6580 ACIAs (asyn-
choronous communications interface adaptors — ICs 11 & 
12). Two of the multiplexers control the transmit mode on 
the 6850 and two control the receive mode. Separating the 
receive/transmit units in this manner allows split bit rates 
to be easily accommodated. 
The system clock is a standard crystal controlled oscilla-

tor running at 4.9152 MHz. This frequency is divided twice, 
by a 74LS74 (IC8) and this divided frequency is used to drive 
the 4060 (IC6) divider. This divider provides all the neces-
sary frequencies to produce the required bit rates mentioned 
in the introduction. 
Two MC6821 PlAs (peripheral interface adaptors ICs 9 & 

13) provide the control lines necessary to activate the vari-
ous features of the modem and a 74LS138 3-to-8-line decoder 
(IC14) is used to provide chip select logic. A spare line of this 
decoder is reserved for future expansion boards. 
Power-on-reset is handled by a 555 timer in the one-shot 

mode. 
Serial transmission/reception to and from the computer is 

handled using 1488/1489 line drivers/receivers (ICs 24 & 17). 
Isolation of the line is provided by means of Tl, a 3.5 kV 

isolation transformer, and a 4N25 opto-isolator. Amplifica-
tion of the incoming signal is handled by IC20, an LM301. 
An on-board speaker provides for monitoring the line. In ord-
er for the user not to be driven insane by the continual wail-
ing of the carrier signal, the speaker is automatically switched 
off two seconds after the carrier is detected. 
The whole project may be powered by a plug pack or other 

external power supply delivering a nominal 16 Vac at 1.5A. 1}-
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Digital signal processor 
chip is ideal for high 
speed modem 
By substituting software for logic hardware, a single-chip microcomputer 
geared to signal processing can perform all the functions of advanced 
modems for ordinary phone lines at low cost. 

DIGITAL signal processing (DSP) encompasses a wide 
variety of applications ranging from high speed mod-
ems to spectrum analysers. The chips are usually used 
in real-time, computation-intensive operations. They re-
quire techniques such as parallel on-chip hardware, 
special input/output (I/O) connections and a reduced-
instruction-set-computer (RISC) instruction set. This 
level of computational power opens markets and ap-
plications that were not previously cost-effective. These 
include speech analysis, synthesis and recognition; 

high-speed modems; digital filtering; spectrum analy-
sis; telecommunications; and image processing. 
Using a single-chip signal processor as the basic 

building block, a low-cost, high-speed modem can be 
implemented to operate over unconditioned lines via 
the commercial switched telephone network. Econom-
ical performance is made possible because of the resul-
tant modem's ability not only to adaptively equalize 
dial-up lines for high-speed transmission, but also to 
achieve superior bit-error rates. 

Analog 3-kHz 
input —"low-pass filter 
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output 

A-d 
converter 

3-kHz 
iow-pass filter 

Hilbert 

transform 

converter 

Demodulator 
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Data 
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4-- data 
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Figure 1. This generalized high speed modem, for both 
transmission (a) and reception ( b), can be adapted to a 
variety of modulation formats with a wide range of speed 
options by merely changing the stored program in the 
TMS320 microcomputer's ROM. 

This engineering feature is presented using informa-
tion compiled from material kindly supplied by Texas 
Instruments Australia Pty Ltd, to whom we are indebt-
ed for permission to reproduce the diagrams and pho-
tographs. 
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Adaptive modem on a chip 
The Texas Instruments TMS320 one-chip microcom-
puter can be programmed to produce either a phase-
or a frequency-modulated synchronous signal and to 
demodulate (detect) such signals. Also, the carrier fre-
quency and bit rate can be selected to be compatible 
with almost any available high-speed or low-speed 
modem. 
A versatile, high-speed modem structure, as illustrat-

ed in Figure 1, permits the implementation of several 
modulation formats with various speed options from 
common hardware (the 320) controlled by a stored pro-
gram. (The hardware for an external clock and other 
functions are not shown.) For example, a 320's 
subroutine-module feature allows calling a frequency-
synthesizer routine by different modulator programs. 
In addition, a basic filter algorithm can be changed sim-
ply by altering functions from memory. Also, since the 
modem is not needed until a communications link is 
established, the 320 can provide auto-dial and tone di-
alling dual-tone multifrequency (DTMF), signals. 
The digital input bit stream for transmission is often 

first 'scrambled' for securing the data and then applied 
to a digitally implemented phase shift-keyed (PSK) os-
cillator and modulator algorithm whose output goes to 
a bandpass filter that shapes (and limits) the spectrum 
of the transmitted signal. An external 12-bit digital-to-
analogue converter, followed by a 3 kHz low-pass filter 
provides an analogue-signal output suitable for a 'phone 
line. 
Received signals from a 'phone line are first filtered 

by a 3 kHz low-pass filter. Usually, an external hard-
ware automatic gain control (AGC) loop is used, but a 
digital loop can be implemented if the analogue-to-
digital (A-D) converter that follows the 3 kHz filter has 
sufficient dynamic range. the A-D output is applied to 
a ' Hilbert demodulator' algorithm (implemented as 
finite-impulse-response filter, as explained later). De-
cision logic determines which of the allowed, or expect-
ed, phases is closest to the received version and sends 
out corresponding data to a descrambler (if needed) to 
recover the bit pattern originally transmitted. 
A baud-sync-recovery phase-locked loop monitors the 

bit train state transitions, using them as a reference for 
establishing baud synchronism, as well as the bit-sync 
clock and other major clock signals from a common ex-
ternal oscillator source. 

All the other associated modem functions can be eas-
ily controlled by a host processor. For these ancillary 
communications functions, such as full-duplex opera-
tion, echo suppression, automatic equalization and er-
ror correction, two or more 320 signal processors can 
be combined, operating in parallel or in a ` pipelined' 
fashion. 

Making a sine generator 
The 320 digitally implements a sinusoidal generator 
that can synthesize sine waves with frequencies of 0.5 
Hz to abut 4 kHz in 0.5-Hz steps with just a modest 
amount of memory and computation time. 
A look-up table supplies the value of the sine for a 

a 

Yes 

In 2nd (or 4th) 
quadrant. — 180- a 

Initial phase angle 

a-4' 

JI 

(a) 

in 1st quadrant. 
8 -= a 

look-up table. 
sin 

sin a (SON) sin 

Output, 
sin a 

Frequency selection norn„, 

"*-- Min. 4) increment --- ( 360/16.380) degrees. 

sine algorithm 

Sine-wave output. 
fo 05 n 

— 4000 Hz ( max ) 

Sampling- rate clock, 
fs = 8190 Hz 
= 0 5-Hz resolution 

(b) 

Figure 2. The sine of any angle, a, can be 
determined with just a 0°-to-90° look-up table and 
this algorithm, (a). If (7r/2) -a is taken as the angle, 
the cosine of a is determined. Advancing a or (7r/2)-
a in successive incremental amounts, ¢, generates 
respectively a sine or a cosine wave (b). The 
algorithm therefore functions as a frequency 
synthesizer whose frequency output can be 
determined by the size of and the clock rate of the 
algorithm. 

given angle. To generate a sinewave frequency, the an-
gle, a, must be continuously incremented. 
The look-up table output represents a digital sine-

wave function that oscillates at a frequency depending 
on the rate, fs, at which the output process — called 
sampling — is carried out. 

In this overall process, called frequency synthesis, a 
is incremented by an equal integral amount, çb, every 
time a sample (or look-up) is taken. The incremental an-
gle represents a phase advance, and the number of such 
advances per four-quadrant sinewave cycle with a 
12-bit resolution look-up table is 4 (212-1), or 16 380 steps. 
Thus, for a sampling frequency of, say, 8.19 kHz, the 
frequency resolution of the frequency synthesizer is 
8190/16 380, or 0.5 Hz. Keeping the sampling frequen-
cy constant, an initial angle must be incremented by 
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a 4) of 2400 steps (52.7473°) at every sampling time to 
generate a 1200Hz sine wave (Figure 2b). 

Shift-keying the frequency 
We can generate a frequency-shift keyed (FSK) output 
by changing the value of ck in Figure 2 by small incre-
ments, Ack, added at every sample. The corresponding 
frequency changes are then used to identify different 
parts of a data stream. Multiple values can be used for 
a multi-FSK system. 
By changing the value of 4, and adding that to just 

the first sample of an identifiable data part, the phase 
only of that part is shifted (the frequency remaining un-
altered), and a phase shift keyed (PSK) signal is gener-
ated. As with frequency-shift keying multiple 4, values 
may be used for a multi-PSK system. 
Modifications of the frequency synthesis algorithm 

can produce a host of functions other than FSK and 
PSK for a modem, including dual-tone multifrequencies 
for automatic dialling, linear frequency modulation, 
amplitude modulation, and pulsed (tone-burst) signal 
generation. In addition, like an analogue voltage-
controlled oscillator, this 320-implemented frequency 
synthesizer can be used as a VCO to implement a digital 
phase-locked loop. 

A phase-locked loop in digital form 
Modem receivers use phase-locked loops for carrier 
tracking and coherent demodulation of an incoming 
complex signal, a, (Figure 3). The 320 can be 
programmed to perform the phase-locked function dig-
itally. An FSK signal generator (as previously described) 
serves as the VCO, and phase detection consists sim-
ply of taking the difference between the VCO's digital 
output and the received carrier signal, which at this 
point is assumed also to be in digital form. After 
processing through a digital loop filter, àa becomes tick 
for the FSK — or in this case for the VCO — algorithm. 
The output of the VCO represents the input signal's car-
rier frequency, highly filtered of noise and data, but still 
following any slow variations of the input carrier's fre-

Figure 3. An important element in many modems is 
a phase-lock loop. As it can for all the other modem 
elements, the 320 signal-processor microcomputer 
can provide this function completely digitally. Note 
the voltage controlled oscillator, loop filter, and 
phase detector components — each are just 320 
firmware. 

quency or phase. In effect, a0 is the carrier "extracted 
" from the input, a,. 
The loop filter, a second-order configuration, consists 

of a proportional element defined by a gain multiplier, 
k„ and an integrating element defined by coefficient 
k3 and k3. Operating at a 5 MHz clock rate, a 
13-instruction sequence that implements the phase de-
tector and filter takes just 2.6 µs. When these functions 
are combined with the digital VCO algorithm, they form 
the complete digital phase-locked loop program, which 
executes in less than 20 its per data sample. 

Demodulation 
To demodulate a PSK carrier, the extracted carrier is 
split into in-phase (I) and quadrature (Q) components, 
by a ' Hilbert' transform (see Figure 2a again). These I 
and Q signals can then become carrier references for 
mixing with either a so-called 'Costa' loop2 or a Hilbert 
transform3 method of providing a quadrature signal. 

Received signal. 
S(t)O—.  

0 I 

I-filbert 
transform. 

—90° 

îGo carrier 

Carrier reference 00 

S(t) 

Equalizer 

Figure 4. Each of the functions in this ' Hilbert-
transform' demodulator is implemented digitally in 
the 320. A deviation of the demodulated signal's 
phase from expected (or allowed) phase states is 
corrected by feeding the error signal Aoi back to the 
phase-locked loop (Figure 2), to which carrier 
references I and Q are synchronised. 

R. 
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The Hilbert transform (Figure 4) is the more general 

method, since it can handle any multilevel phaseshift-
ed signal simply by changing the reference ' template.' 
Also, although difficult to implement in analogue form, 
a Hilbert transform is a relatively simple function for 
a digital system. The transform primarily adds a 90° 
phase shift to all Fourier components of a complex 
time-domain signal. (The transform, and also the 
equalizer, are implemented with a finite-impulse-
response filter, which is discussed later). 

Digital filters and equalizers 
The two basic types of digital filters commonly used 
— the infinite-impulse-response (IIR) and the finite-
impulse-response (FIR) filter — can both be implement-
ed easily with the 320. However, the IIR filter tends to 
display poor phase characteristics, which is highly un-
desirable in digital communications. Accordingly, the 
FIR structure is more commonly used in modems to 
implement low pass, high pass, bandpass, band rejec-
tion, equalizer, and Hilbert transform networks. 
An n-point FIR configuration, as shown in Figure 5, 

can be made to behave like any one of these network 
types, and it will exhibit linear phase characteristics 
and sharp frequency transitions. 
When this FIR digital filter is used to compensate for 

varying differential phase delays and amplitude errors 
that may be introduced by a long communication chan-
nel, it is called an adaptive equalizer (Figure 6). 
A fundamental assumption with adaptive filters is 

that the channel characteristics change slowly with 
respect to the signalling rate. Accordingly, program 
functions minimize the error between the expected and 
the received signal over several baud intervals. 

Figure 5. This finite-impulse-response (FIR) n-point 
filter configuration can be programmed to provide 
the characteristics of almost any type of filter a 
modem might need. 

Scrambler modems 
In addition to the basic modem functions, the 320 can 
also provide data scrambling. A data scrambler consists 
of a psuedorandom sequence generator whose output 
is used to randomize' the data bit stream and to pre-
vent certain data sequences from appearing. A 
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Error signal 

Equalized 
output. y(n) 

Figure 6. The FIR filter can even be made to adjust 
automatically to varying communications channel 
conditions, a process called ' adaptive equalization.' 

Figure 7. A pseudorandom word generator 
implemented with the 320's software, which is the 
equivalent of this hardware shift register circuit, can 
encrypt digital data before it enters the modem and 
decrypt it at the receiver modem's output. 

descrambler employs a similar sequence generator. 
Synchronized to the scrambled transmitted data stream, 
the descrambler puts out a signal that is then combined 
with the received stream to accurately recover the origi-
nal bit stream. 
The CCITT V.27 scrambler (shown in simplified form 

in Figure 7) generates a pseudorandom code with hard-
ware shift registers. However, the 320 carries out the 
function in a different way with 17 software instruc-
tions which are executed in 3.8 µs. This approach stores 
the sequence in RAM and uses a tap mask to imple-
ment the equivalent shift-register function. 
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Digital Signal Processing (DSP) is concerned with the representation 
of signals (and the information that they contain) by sequences of num-
bers, and the transformation of processing of such signal representa-
tions by numerical computation procedures. 

Since the late 1950s, scientists and engineers in research labs have 
been touting the virtues of digital signal processing, but practical con-
siderations have prevented widespread application. Now, with the avail-
ability of integrated circuits, such as Texas Instruments' TMS320, 
digital signal processing is leaving the laboratory and entering the world 
of application. The reasons for this are numerous and compelling. 
Perhaps the most important reason is that extremely sophisticated sig-
nal processing functions can be implemented using digital techniques. 
Indeed, many of the important DSP techniques are difficult or impos-
sible to implement using analogue (continuous-time) methods. It is 
almost equally important that VLSI technology is best suited to the 
implementation of digital systems, which are inherently more reliable, 
more compact, and less sensitive to environmental conditions and com-
ponent aging than analogue systems. Another advantage of the 
discrete-time approach is the possibility of time sharing a single 
processing unit among a number of different signal processing func-
tions. This is particularly efficient and cost effective in large systems 
having many input and output channels. Indeed, until recently, digi-
tal processing was only cost effective where it could be applied in large 
systems. Now, however, with VLSI techniques, low-cost processors 
such as the TMS32010 are available and a wealth of opportunities exist 
for the application of DSP techniques. 
The potential applications will be found in any area where signals 

arise as representations of information. In many cases, the signals 
represent information about the state of some physical system (includ-
ing human beings). Often, the objective in processing the signal is 
to prepare the signal for digital transmission to a remote location or 
for digital storage of the information for later reference. On the other 
hand, the signal may be processed to remove distortions introduced 
by transducers, the signal generation environment, or by a transmis-
sion system. Still another important class of applications arises when 
information is automatically extracted from the signal so as to control 
another system or to infer something about the properties of the sys-
tem which generated the signal. Some of the more important areas 
where the above types of processing are of interest include speech 
communication, geophysical exploration, instrumentation for chemi-
cal analysis, image processing for television, audio recording and 
reproduction, biomedical instrumentation, acoustical noise measure-
ments, sonar, radar, automatic testing of systems, and comsumer elec-
tronics. 
The requirements of DSP call for a ' Harvard architecture' that per-

mits parallel information fetching from program and data memories. 
An instruction's execution cycle overlaps the fetch cycle of the next 
instruction in a pipelined manner. A modified Harvard architecture in 
the TMS320 DSP chip (Figure 8) allows crossovers between program 
and data memories to provide program branches based on data values 
from instructions and data values from constants in program segments. 
Therefore, even though the hardware is divided into two basic seg-
ments for handling data and program information separately, the seg-
ments are bridged in operation. 

While many general purpose microprocessors devote minimal space 
to the arithmetic logic unit (ALU), in DSP, ALUs occupy almost a third 
of the chip's space. Memory is the other major consumer of chip area 

In the TMS320, for example, four basic arithmetic units 
— the multiplier, the barrel shifter (a shift register than can perform 
one to 15 shifts in one quarter-cycle), the ALU and the accumulator 
— occupy 30 per cent of the silicon. The multiplier computes the 
product of two 16- bit inputs in one 200 nsec. cycle. Likewise, the bar-
rel shifter can shift an operand from one to 15 positions on its way 
to the ALU, producing a shift and add in a single cycle. 
On-chip memory size plays a major role in many signal-processing 

applications. 
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Figure 8. The TMS320 digital signal-processing 
(DSP) chip is based on a modified Harvard 

architecture that supports separate program and 
data memory spaces for parallel processing, 
eliminating the need for a separate ROM. This 
"bridge" permits crossovers between program and 
data memories. 

Harvard architecture 
The TMS320 utilizes a modified Harvard architecture in which pro-
gram memory and data memory lie in two separate spaces. This per-
mits a full overlap of instruction fetch and execution. Program memory 
can lie both on-chip ( in the form of the 1536 x 16-word ROM) and off-
chip. The maximum amount of program memory that can be directly 
addressed is 4K x 16-bit words. Instructions in off-chip program memory 
are executed at full speed. Fast memories with access times of under 
100 ns are required. 
Data memory is the 144 x 16-bit on-chip data RAM. Instruction oper-

ands are fetched from this RAM; no instruction operands can be directly 
fetched from off-chip. However, data can be written into the data RAM 
from a peripheral by using the IN instruction or read from program 
memory by using the TBLR (table read) instruction. The OUT instruc-
tion will write a word from the data RAM to a peripheral, while a TBLW 
instruction will write a data RAM word to program memory (presuma-
bly, off-chip). 
The diagram here outlines the overlap of the instruction prefetch 

and execution. On the falling edge of CLKOUT, the program counter 
(PC) is loaded with the instruction (load PC2) to be prefetched while 
the current instruction (execute 1) is decoded and is started to be ex-
ecuted. The next instruction is then fetched (fetch 2) while the cur-
rent instruction continues to execute (execute 1). Even as another 
prefetch occurs (fetch 3), both the current instruction (execute 2) and 
the previous instruction are still executing. This is possible of a highly 
pipelined internal operation. 
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Figure 9. The TMS320 DSP 
employs a "memory-intensive 
architecture." It includes a 
16-by-16-bit parallel multiplier that 
multiplies two 16-bit inputs in one 
200 nsec cycle, a barrel shifter that 
can move an operand from one to 
15 positions in one cycle and a 
32-bit arithmetic logic unit (ALU). 
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SPECTRUM 

New packet radio 
terminal node 
controller kit 
y ockhart Technology in Canada recently announced 
Li the availability of their new revised VADCG INC 'PLUS' 
terminal node controller (TNC) for use in amateur packet ra-
dio communications. The TNC + is based on the reliable 
VADCG TNC, produced in 1979, and includes some of the 
standard features such as 8085 CPU, 8273 HDLC and 8250 
UART. It has remained at the same physical size to allow 
retrofit of existing Mk1 TNC units. 
Some of the new features are 

64 kbytes of 2764/6264 modem is $80. The SADCG 
ROM/RAM configurations. al- 7910 radio modem pcb and 
lowing optional downline load- documentation is available for 
ing of TNC software, and $20 plus $2 postage from the 
provision of battery backup of SADCG, PO Box 231, French's 
CMOS RAM, which enables 
storage of user dependent termi-
nal control parameters. 
The TNC also provides cir-

cuitry for an on-board switch-
mode power supply enabling 
operation from a 12 V supply. 
There is provision for use of 

an 8255 PIA for hardware func-
tion setting. It can act as a se-
cond terminal port, along with 
the standard DB-25 connectors. 
providing RS232/V.24 signalling 
to both terminal and modem 
ports. 
The TNC + pcb and 

documentation is available for 
CDN$50 plus CDN$5 p&p, the 
full parts kit is CDN$180 plus 
CDN$5 p&p. For the optional 
on-board 12 V supply parts. add 
CDN$20. (A complete TNC kit 
order adds up to CDN$260). 
Send money order to Lockhart 
Technology, 9531 Odlin Road, 
Richmond. B.C. Canada. V8X 
1E1. 
The Sydney Amateur Digital 

Communications Group pro-
vides the software support for 
the VADCG TNC + , including 
the SADCG Master/Monitor 
software which provides a 
menu driven system for both 
Vancouver V2 and AX25 pro-
tocols in 2764 EPROMs. 

In conjunction with the 
VADCG TNC +, the SADCG 
provides a ' 7910 Radio Modem 
pc board. The modem uses the 
AMD7910 'world modem' chip 
providing various Bell and 
CCITT AFSK modem frequen-
cies. It interfaces to the TNC via 
a DB25 connector. The approx-
imate total building cost of thu 

Forest 2086 NSW. 
The SADCG is a non-profit, 

volunteer organisation involved 
in promoting development of 
Amateur Packet Radio systems. 
(A note to radio clubs: the 

TNC+ is suitable as a Digital 
Repeater in conjunction with the 
SADCG D.R. software package, 
which allows both AX25 and 
Vancouver V2 frames to operate 
independently from the one unit, 
which gives both users the full 
capabilities of both protocols. 
plus provide networking and 
many other facilities). 

Digital antenna 
system 

you can match an antenna 
over the range 3.5 MHz to 

30 MHz using Icom's new AH-2 
digitally-controlled antenna tun-
ing unit. The tuner has been 
designed for mobile applica-
tions where broadband antenna 
matching has traditionally been 
a problem. 
The unit consists of a control 

unit that resides beside the ra-
dio (usually the IC-735 multi-
mode HF transceiver) and a tun-
ing unit that mounts close to the 
whip antenna supplied. 
You select the desired fre-

quency and pushes the TUNE 
button on the control unit. An 
on-board CPU selects the most 
favourable LC combination for 
the given length of whip anten-
na and the frequency. Worst 
case tuning time is 20 seconds 
but typically is about 4-5 se-
conds says Icom. 

Maximum input power is 120 
watts. Unlike normal tuners 
that require full output power 
during the tune up period, the 
AH-2 derives the frequency in-
formation direct from the tran-
sceiver during use. Then, just 
300 mW is used for a very short 
time to check the tune L/C mix 
selected by the CPU. An in-built 
memory system allows up to 
eight preselected frequencies to 
be stored. This allows a tune up 

Microwave 
attenuators 

Flann Microwave Instru-
ments offer an extensive 

range of broadband, high preci-
sion. programmable microwave 
attenuators and phase changers 
complemented by a new 
microprocessor-based series of 
control processors. These in-
struments in combination pro-
vide a highly accurate, 
repeatable and reliable meas-
urement facility suitable for 
microwave ATE and system ap-
plications, Flann say. 
The series of programmable 

rotary vane waveguide attenu-
ators, covering the 4-140 GHz 
frequency band, provide an at-
tenuation range from 0 to 60 dB 
with 1% or 0.1 dB accuracy, 
whichever is the greater. The re-
settability factor is better than 
0.1 dB at 60 dB and improves 
considerably throughout the 
lower attenuation ranges, 

time of one second or less on 
these frequencies. 
The tuning unit assembly is 

constructed in a tightly sealed 
plastic case to provide dust and 
water proofing. Mobile antenna 
mounting is made very easy by 
use of a clever bracket that uti-
lises the towing hook found be-
low most vehicles. 

Details from Icom (Australia) 
Pty Ltd, 7 Duke Street, Wind-
sor 3181 Vic. (03) 51 2284. 

claims Flann. e.g.: 0.01 dB re-
settability between 0 and 20 dB. 
Each attenuator can be set in-
crementally to any 0.1 dB wi-
thin the full attenuation range. 

All the programmable phase 
changers are based on the con-
ventional broad band rotary 
vane design and models are 
available for each waveguide 
bandwidth within the 4-140 
GHz frequency range. Each in-
strument offers 360° continu-
ous phase change, excellent 
repeatability and low SWR. 
The new control processors 

are designed for computer con-
trol (remote) via the GPIB 
and/or manual control (local) 
via a front panel. Remote oper-
ation uses ASCII with an 18 
character control set, all codes 
being acceptable but only the 
control set being acted upon. 

Further information from 
Flann Instruments Limited, 
Dunmere Road, Bodmin, Corn-
wall PL31 2QL England. 
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Compact Ofir 
...with real testbench performance 
Philips Series 18 DMMs give you a magic combination - no 

compromise testbench features awl performpnce. packaged in a 

choice of three compact. easily pot table instruments that ate 

always handy for lob. vvoikshop or field use 

Our range of three models lets you select 

exactly the functions you need for every 

application and environment. 

DM -1-ie 
ru L. flu  

min/max. auto data 

hold, 100 kHz RMS AC, 

0.05% DC 

PHILIPS 4.. 

or.,4 iC 10 

electronic calibration, 

200 kHz counter, 0.3% 

bargraph ancl 10 MHz 

logic view 

PH J1519  
RMS AC, 
direct temperature, 
dB and relative 
measurements 

Contact your local Philips organisation 
Or: 

SYDNEY: Box 119 
North Ryde 2113 
Tel. (02) 888 8222 
(Toll free (008) 22 6661) 

MELBOURNE: Locked bag No. 5 
Oakleigh South 3167 
Tel. (03) 542 3600 
(Toll free (008) 33 5295) 

PHILoe 

r. TEST INSTRUMENT CENTRE 
E-- FOR YOUR LABORATORY — WORKSHOP — HAM RADIO 

SHACK— HOBBY — WE STOCK FAMOUS BRANDS: 
• OSCILLOSCOPES • FREQ. COUNTERS • DIGITAL & ANALOG 
MULTIMETERS • LCR METERS • SWR & RF POWER METERS • 
PANEL METERS, etc. 

KIKUSUI COS5020-20MHz DUAL TRACE 

Sensitivity: 5mVidiv-5V/div: 
1mV/div at 55 MAO. 

Bandwidth DC or 10Hz-20MHz. 
Sweep Speed' 0 2 ,, S-5s/div 
Sweep Mode' AUTO. NOFM, SINGLE 

E4.1e,e 
-4111 

Trigger Source: CH1. CH2. LINE. EXT. 
X-V Operation, CHOP and TV. 
CRT: 6-inch rectangular. 
Z-axis CH1 Output. 

RADIO COMMUNICATION 
CENTRE SCAN AUSTRALIA 

WITH THE WORLDS BEST 
SCANNING RECEIVER 

mmecu 
SCAN AUSTRALIA WITH THE BEST! 

LUI AR-2002 affliMstros mew«, 
l•-•60.001.1.0 

— 2L; 1c)998;25 _ 

á '' 
á á 

um me ow MI NZ 

FEATURES: • 25-550MHz, 800-1300MHz 
(UHF TV CHANNELS 550-800MHz EXCLUDED) 

• NBFM-W8FM-AM MODES • 20 CH MEMORY 
• CLOCK • PRIORITY CH • S-METER 
• MANY OTHER FEATURES Send for colour brochure 

NNI Personal 2-way ion radio here at last! 
"EMTRON ACE" 

A QUALITY 40 CH HIGH POWER Leif CB HAND FIELD TRANSCEIVER 
• DESIGNED FOR AUSTRALIA DOC APPROVED 

FEATURES: 
40 CHANNEL OPERATOR 
HIGH ( 2 OW LOW CO SW) RE ROM 
Occur FOR REPEATER OPERATOR 
NCAD RECHARGEABLE BATTERIES 
ILLUMINATED DIAL FOR NIGHT OPERATOR 
SMALL IN SIZE - BIG IN PERFORMANCE 

APPLICATIONS: 
FARMING 
FLSHEFG BOATING HUNTING BUSHWALAINS 
BUSH FETE CONTROL 
AG SHOWS 
SECURITY 
CONSTRUCTOR SITES 
CAR RALLES 
CROWD CONTROL ANO MANY OTHERS 

OPTIONS: 
• 3w RICA() 
• SP MIKE 
• Y. WHIP 
• STAND ill 

CHARGER 
• Car CELL 

PACK 
• OCJIX 

CONVERTER 
AND MANY 
MORE 

DEALER INQUIRIES WELCOME 

EMTKIFIICS 
0.,Afon of FRIONA ELECTRONICS P L 

NSW STORE á HEAD OFFICE: 
92-94 Wentworth Ave, Sydney, NSW. 2000 
Ph: (02) 211 0988. Telex: AA73990 (EMOLEC) 

VIC STORE: 
288-294 Oueen St, Melbourne, Vic 3000 
Entrance from Little Lonsdale St. 
Ph. (03) 67 8551 Or 67 8181 

Correspondence 8 Mall Orders nos K21. Haymarket. NSW. 2000 
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RECEIVERS & MONITORING DEVICES 

AR2002 

25-550MHzJ800-1300MHz VHF & 
UHF monitoring & surveillance 

PROFESSIONAL RECEIVER 

The AR2002 receiver provides high perfor-
mance monitor and surveillance reception 
over a wide frequency range: 25-550MHz and 
800-1300 MHz 
The wide frequency coverage, combined with 
reception modes of AM. FM (wide), and FM 
(narrow), make the AR2002 a versatile unit 
for a range of applications: 

• General off air monitoring 
• Spot frequency monitoring/ 

measurement 
• Selective multi frequency analysis 
• Spectrum surveillance 
• Detection of unwanted transmission 
  and much more 

IC-R71 
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/ 

KEN WOOD R-2000 
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CWR-880 
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CWR 860 

ulepleià 

BLACK JAGUAR 

cee 

Unique new POCKET SCANNER — 
with superior performance and lar-
gest freq. spectrum of any other 
pocket scanner. AM-FM modes. 16 
ch. memory, Freq. coverage 26-30 
MHz, 55-90 MHz, 115-178 MHz. 
220-290 MHz, 340-470 MHz, 
470-510 MHz. 
Write for full specs. 

ICOMR71A 

Best communication receiver 
— ICOM R71A 
The new standard of comparison — straight-
forward to operate and feels the way a 
receiver should. 
Continuous tuning ( 100kHz-30MHz), 32 ch. 
memory effective noise blanker and many 
unique features. 

CAPTURE THE WORLD WITH 
FAMOUS KENWOOD R2000 
COMM RECEIVER 
Top reception with PUSH BUTTON EASE. 
Outstanding freq. stability, 10 memories. 100 
kHz-30MHz freq. coverage, clock, timer etc. 
makes R2000 an outstanding SHORT WAVE 
RECEIVER. 

SHORT WAVE LISTENERS — NOW YOU 
CAN MONITOR — MORSE, RTTY, ASCII, 
TOR, SITOR, AMTOR Signals with the new 
TELEREADER CWR-880 & CWR-860 com-
puterised decoders. All you need in your 
receiver and TV set or VDU. 

SEE WHAT YOU HAVE BEEN MISSING! 
MONITOR: PRESS-EMBASSY-WEATHER-
MARINE-INTERPOL-MILITARY AND 
AMATEUR TRAFFIC. IF YOU HAVE EVER 
WONDERED WHAT ALL THOSE UNUSUAL 
SIGNALS ON YOUR SHORT WAVE 
RECEIVER REPRESENT. THEN GET A 
TELEREADER 

ST-325 

flics 
TEST INSTRUMENTS 

OSCILLOSCOPES 
FAMOUS BRAND IN STOCK 
• KIKuSUI-COS-5020:20MHZ, 2CH, DUAL 

TRACE, COMPLETE WITH PROBES, 2 
YEARS WARRANTY   

• KIKUSUI-COS-5041, 40MHZ, 2CH WITH 
DELAY, DUAL TRACE, COMPLETE 
WITH PROBES, 2 YEARS WARRANTY 

• GW-GOS 955: 5MHZ, ICH, 130mm CRT 
• GW-GOS-3310: 10MHZ, 1CH, 75mm 

CRT, COMPACT TRIGGERING CRO. 

FREO-COUNTERS 

f• 
CRO 

FULL RANGE OF CONVENTIONAL COUN-
TERS — RELIABLE & COMPETITIVELY 
PRICED 
• GFC-8010F, 120MHZ, 8 digit LED 
• GFC-8055F, 550MHZ, 8 digit LED 
• GFC-8100F, 1GHZ, 8 digit LED 

MULTIMETERS -LC METERS 

POPULAR RANGE OF ECONOMICAL MULTIMETERS 

ST-325 TAUTBAND MOVEMENT 
• ALL PURPOSE MULTIMETER 
• FUSE & DIODE PROTECTION 
• DROP PROOF MOVEMENT 

LJC METER DLC-400 

INDUCTANCE AND CAPACITANCE 
MEASUREMENT 
• 31/2  DIGIT LCD DISPLAY 
• INPUT PROTECTED AGAINST 
CHARGED CAPACITORS 

PRINTERS 

We stock a full range of top brands regulated DC power supplies: 

DAIWA: PS 120M -3 to 15V DC 
variable at 12A max 
PS 310M - 13.8V DC at 31A 
max & 3-15V DC at 10A 

ALINCO: EP-570 - 10 to 15V DC, 
6.5A MAX 
EP- 1510 - 10 to 15V DC. 
20A MAX 
EP-2510 - 10 to 15V DC. 
30A MAX 

ANTENNAS FOR SHORT WAVE LISTENERS 

Retail 0...s.on of ENIONA ELECTRONICS P L 

5500 1200 
Y01:11,1 PERSONAL COMPUTER DESERVES 
THE UNEQUALLECPRINTER QUALITY OF 
SAKATA 
THE SAKATA RANGE OF DOT MATRIX 
PRINTERS ARE THE RESULT OF THE 
LATEST TECHNOLOGY, MAKING THEM 
FAST, QUIET AND ABOVE ALL — 
RELIABLE 

AMATEUR RADIO 

EMTRON ACE 
APPLICATIONS 
• Commercial 8. Professional Work • Motor Sports • Factory 
Management • Hunting and Fishing • Building & Road Construction 
• Boating • Flying & Gliding • Farming & Pastoral • Crowd 
Control • Bushwalking • Marshalling • Construction Work 
• General Sport • Surveying • Personal • Communication 

Security Business Mobile and Portable Communication 

UNIDEN AX144 AM/SSB 
40 Channel mobile 

Electrophone 

Electrophone TX560 AM/SSB 27 MHz 
DELUXE 40 CHANNEL 

• Large 40 channel readout 
• Dedicated Phase Locked Loop Circuitry 
• I . E.D. Power Meter 
• L.E.D. Signal R.F. Local/Distance Meter 
• Uncluttered controls 
• Front Microphone connection 

EMTRON RECEIVER ANTENNA TUNER 

PREAMPLIFIER 

All Mail to: PO Box K21, Haymarket, NSW 2000 
Ph: (02) 211 0531 Ph: (02) 211 0988 

94 Wenthworth Ave, Sydney, 2000. 
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Radio Communicators Guide. Part 5 

NOW THAT we have some idea of what it is that supports 
or permits HF radio propagation, we can move on to radio 
propagation itself. In this chapter we shall discuss a few 
things which determine whether or not a radio wave will ac-
tually propagate on a given circuit, and how well it will do. 
We shall start with a simple geometrical model of propa-
gation. 

Some simple ideas 
Figure 5.1 illustrates some of the ideas which we will need 
to discuss. Radio waves emitted by the transmitter T at an 
elevation angle E travel a distance D/2 before striking the 
ionosphere at the point P and being reflected back towards 
the ground, hitting it at the receiver R. In reality, the ray is 
not reflected at P, but is continuously refracted or bent 
towards the ground as it passes through the ionosphere. 
However, for many purposes we can ignore this complexity 
and consider the ray to be reflected at P. The ionosphere at 
the point of reflection, P, is at a height h above the midpoint, 
M, of the circuit. The path of the waves, T-P-R is called a 
raypath. The angle I between the raypath TP and the verti-
cal PM is called the angle of incidence of the ray at the 
ionosphere. The distance along the ground between T and 
R is called the ground range, which we have denoted by D. 
Figure 5.1 also illustrates the difference between the ground 

wave and the sky wave. We are concerned in this article main-
ly with the sky wave, since it is the sky wave which goes up 
to the ionosphere and back, facilitating HF communications 
over long distances. However for short distances, the ground 
wave is also useful and rather easier to use. Figure 5.2 illus-
trates the range covered by the ground wave for a typical cir-
cuit. It can be seen that the ground range decreases as the 
frequency increases. At 3 MHz the ground range is about 
110 km. For lower frequencies, such as those used in the MF 
broadcast band, the ground range is somewhat greater. At 
10 MHz, in the middle of the HF band, the ground wave will 
be useful out to about. 60 km. The ground range increases 
as the electrical conductivity of the ground increases, and 
is greater over the sea than over land. 

ELEVATION 
ANGLE 

RANGE 

Figure 5.1. A greatly simplified, but still very useful, view 
of the paths taken by radio wave travelling between a 
transmitter (Tx) and receiver (Rx). The ground wave hugs 
the ground and will dissipate before reaching the receiver 
if the range of the circuit is too long. The sky wave, or 
ionospheric wave, is reflected from the ionosphere at a 
point P down towards the receiver. The angle between the 
ground and the path (known as a raypath) followed by the 
wave as it leaves the transmitter is called the elevation 
angle. The angle between the vertical at the point of 
reflection (P) and the raypath is called the angle of 
incidence. Note that the wave never actually reaches the 
point P — the wave is returned to the ground by a process 
of continual refraction (bending) within the ionosphere, 
rather than by a process of simple reflection. However, we 
get sufficiently accurate results if we think in terms of 
simple reflection. 
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Figure 5.2. The approximate range over which the ground 
wave may be used, as a function of frequency, for dry 
land. 

In practice, there are always at least two raypaths for a sky 
wave travelling between a given transmitter and receiver. 
Figure 5.3 illustrates what happens to rays of the same wave 
frequency leaving a transmitter at different elevation angles. 
For low elevation angles (ray 2), the signals hit the ground 
at a point closer to the transmitter, that is at a shorter ground 
range, until the ground range is reduced to some particular 
value Z km (ray 3). Any further increases in the elevation an-
gle cause the ground range of increase again (rays 4 and 5). 
We can deduce several things from Figure 5.3. Firstly, there 

will in general be two raypaths between a given pair of trans-
mitters and receivers. [Two more raypaths will rear their ugly 
heads in the next section.] For example, raypaths 1 and 5 con-
nect the same two points on the earth, as do raypaths 2 and 
4. For any particular circuit, the two rays are called the high 
ray (rays 4 or 5) and the low ray (rays 1 or 2), corresponding 
to high and low angles of elevation. Under many circum-
stances, the high ray (also called the Pedersen ray) will be 
heavily attenuated and we will be left with only the low ray. 
The raypath 3 is unique because the corresponding high and 
low raypaths coincide exactly. 

Polarization 
We shall come across the idea of polarization many times 
in this series, so it is worth getting some idea of what it is 
all about before we proceed any further. Like many of the 
subjects covered here, we could write a book about polari-
zation, but we will not. All we really need for the present 
purposes is a few very basic ideas. 

Polarization of radio waves is best described by analogy, 
in view of the fact that we cannot "see" the radio waves them-
selves. Consider what happens to a long rope fixed at one 
end when it is flicked at the other end. If we flick the loose 
end up and down in a vertical plane, the rope will move up 
and down all along its length. All movement of the rope will 
be in a vertical plane — there will be no sideways motion. 
We can describe this movement of the rope as being verti-
cally polarized. If we flick the rope from side to side, keep-
ing our hand in a fixed horizontal plane, the motion of the 
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Figure 5.3. Sample raypaths for a given ionosphere and 
fixed frequency as the elevation angle at the transmitter T 
is increased. It is found that increasing the elevation 
angle results in the reflected ray reaching the ground at a 
point which moves closer and closer to the transmitter 
(from R to Q to Z), until a point Z is reached after which 
increasing the elevation angle leads to Increasing ranges. 
The rays 4 and 5 are called the "high" rays, and have the 
same ground ranges as the "low" rays 1 and 2, 

rope will be confined to a horizontal plane and is described 
as horizontally polarized. The third thing we can do is to move. 
our hand in a circular motion. All parts of the rope will then 
move in a circle and the motion of any point on the rope is 
therefore circularly polarized. When the motion is constrained 
to a single plane, such as with vertically and horizontally 
polarized motion, the motion is said to be plane polarized. 

In HF applications, antennas are also described as being 
polarized. The most common antennas used in HF commu-
nications are the vertical monopole (the whip antenna is one 
of these) and the horizontal dipole. Consider first the verti-
cal monopole, as in Figure 5.4. In general, radiation leaves 
a length of wire acting as an antenna in a direction at right 
angles to the antenna, with the electric field of the wave 
vibrating (just like the rope) in a direction at right angles to 
the direction of travel. In the case of the vertical monopole, 
the electric field vibrates in a vertical plane and the energy 
radiated by the antenna is vertically polarized. The antenna 
is also described as being vertically polarized, because it 
transmits vertically polarized radiation. In a similar fashion, 
a horizontal antenna is said to be horizontally polarized. 
What happens if we transmit on a vertically polarized an-

tenna and receive on a horizontally polarized one? Think 
what would happen to our rope if we were flicking it in a 
horizontal plane and put two vertical posts astride it. The 

E 

ELECTRIC FIELD OF WAVE 

E E E 

DIRECTION OF 
TRAVEL OF WAVE 

VERTICAL 
MONOPOLE 
/ 

EARTH 

Figure 5.4. Sketch of the electric field vector E of a radio 
wave emitted by a vertical monopole. The energy of the 
wave travels at right angles to the direction of E. The 
strength of the electric field oscillates in amplitude at a 
frequency equal to the wave frequency. Since a radio wave 
is also an electromagnetic wave, it will also have an 
oscillating magnetic field which would be perpendicular to 
both the direction of the electric field and the direction of 
wave propagation. 

respectively. The high and low raypaths coincide for the 
point Z and for the raypath 3. It is not possible for a sky 
wave to reach any point closer than Z to the transmitter, 
since changing the elevation angle from that 
corresponding to raypath 3 leads to an increased ground 
range, regardless of whether the elevation angle is 
increased or decreased. The distance TZ is known as the 
skip distance for the circuit (at the given hour, month, 
level of solar activity and frequency). 

posts would stop the rope from moving side to side, which 
is the only motion which we have given it, and the part of 
the rope between the posts and the anchor point will end up 
with no motion at all. In other words, there will be no ener-
gy transmitted from our hand to the anchored end of the rope. 

Similarly, if we cross our antennas, there can be no trans-
fer of energy between them, unless the plane of polarization 
of the wave changes during the passage of the wave through 
the ionosphere. We end up drawing the same conclusions 
if we think in terms of what the electric field is doing. The 
important point in this case is that an electric field will in-
duce a voltage in a conductor only if the conductor is not 
at right angles to the direction of the field. 
This is the reverse situation to the antenna transmitting 

energy with the electric field parallel to the direction of the 
antenna. Polarized sun-glasses give the same effect. Try look-
ing with one eye through two pairs of sunglasses when they 
are held at right angles to each other. If the glasses are well 
made, everything will appear very dark because very little 
light is being transmitted through the two lenses. The first 
lens polarizes its transmitted light in one direction and the 
second lens refuses to pass light polarized in that direction. 
This ;s illustrated in Figure 5.5. 
Only in the case of perfectly polarized antennas will no 

radiation be received. In general, as with the usually imper-
fect sunglasses, there will be some radiation which will get 
through. In the rope experiment, increasing the slit width 
to several times the diameter of the rope will allow a range 

-41> 

Figure 5.5. Passage of a plane-polarized wave through two 
slits held at right angles to each other. The plane-polarized 
wave passes untroubled through the first slit, which is 
vertical and matches the plane of polarization of the 
incoming wave. However, the wave cannot pass through 
the horizontal slit because this slit will accept only waves 
which oscillate in the horizontal direction, whereas the 
wave oscillates only in the vertical direction. 
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of polarizations to pass through the slit, rather than just the 
one parallel to the slit. 
When a plane polarized radio wave hits the ionosphere, 

it splits into two characteristic waves which propagate in-
dependently through the ionosphere. These waves are known 
as the ordinary and extraordinary waves and are elliptically 
polarized. To get some feeling for what an elliptically pola-
rized wave is, we can imagine ourselves travelling along with 
the wave, looking straight ahead. The electric field can be 
thought of as a stick at right angles to the direction of travel 
(called a vector in the trade), which rotates and changes its 
length as the wave progresses. It can rotate in either a clock-
wise or anti-clockwise direction corresponding to either the 
ordinary or extraordinary wave, depending on the orienta-
tion of the raypath relative to the direction of the Earth's mag-
netic field. If the stick keeps the same length as the wave 
progresses, we have the special case of circular polarization. 

The maximum usable frequency (MUF) 
One of the most important quantities in HF communications 
is the maximum usable frequency or MUF, which is the max-
imum frequency that will be supported by the ionosphere for 
a given circuit. The MUF depends on just two things — the 
critical frequency, FC, of the ionosphere at the reflection 
point, P, and the geometry of the circuit. 
To a good approximation, the MUF is given by the formula 

MUF = FC / cos I 51 

where cos is the cosine function we met in Part 4. Referring 
to Figure 5.6, and using Pythagoras's Theorem, cos I is given 
by: 

cos I = PM/PT = h / [ 112 + (D/2)2]" 5  2 

We can satisfy ourselves that this formula is probably cor-
rect by considering some special cases. Note that the "1/2" 
tells us to take the square root of what is inside the square 
brackets. 

If the radio waves go straight up and down, and R coin-
cides with T, we have D = 0 and cos I = 1, corresponding to 
I = O. Again, if the radio wave travels nearly horizontally, they 
will travel a large distance and D will become much greater 
than h. In this case, cos I becomes very small and I ap-
proaches 90 degrees. Thus we can see that the formula works 
for the special cases. 
Since cos I can vary from 0 to 1, equation 5.1 indicates that 

the MUF is equal to the critical frequency of the ionosphere 

Figure 5.6. Simple geometry used to relate oblique 
propagation on a circuit to the properties of the 
ionosphere at the midpoint of the path. A flat earth and a 
flat ionosphere are assumed. Signals from the transmitter 
T strike the ionosphere at P and at an incidence angle I, 
before being returned to the ground at R, a ground range 
D from the transmitter. The maximum frequency that will 
be supported on the circuit IR will depend on the critical 
frequency of the ionosphere at P, and inversely on the 
cosine of the angle of incidence. 

for vertical incidence ( I = 0, cos I = 1) and much greater than 
FC for very large angles of incidence, which correspond to 
small elevation angles and large ground ranges. In practice, 
the world is round and the curvature of the surface prevents 
the angle of incidence from getting too close to 90 degrees. 
This is illustrated in Figure 5.7. 

If the critical frequency is fixed, a higher MUF may be ob-
tained by reflecting the signals from a lower layer. This is 
because a lower layer means a smaller value of cos I and thus 
a larger value of 1/cos I. It is a little tortuous to follow this 
path of turning things upside down, so we will introduce 
another name from geometry, the secant. The secant, or "sec" 
for short, of an angle is just the inverse of its cosine, that is 
sec I = 1/cos I. Thus we can write equation 5.1 in the some-
what easier form: 

MUF = FC x sec I 53 

The factor sec I is usually called the obliquity factor for the 
circuit, because it relates the ionosphere at the reflection or 
midpoint of the circuit to what happens on the oblique cir-
cuit. Figure 5.8 illustrates how the obliquity factor varies with 
circuit length for reflection from the E layer (h = 100 km) 
and F layer (h = 300 km). As we have already seen, the ob-
liquity factor is equal to one for very short circuits (D = 0). 
Note that Figure 5.8 actually shows the "corrected" obliqui-
ty factor, k sec I, where k is a correction factor which takes 

IONOSPHERE 

EARTH 

Figure 5.7. There is an upper limit to the 
frequency which the ionosphere will 
reflect, which is set by the curvature of 
the earth and the height of the reflecting 
layer. Moving a transmitter from A to T, 
where the ray IR Is tangential to the 
earth at T (corresponding to a zero 
elevation angle) will increase the angle 
of incidence and obliquity factor, and 
thus the MUF. However, moving even 
further across from the point R to the 
point B leads to a decrease in the angle 
of incidence, and to the physically 
impossible situation of the ray BR 
travelling underground. Thus T is as far 
as one can get away from R, and the 
angle TRC is the maximum value 
possible for the angle of incidence. For 
F-layer reflections, this maximum angle 
is above 73 degrees, while the maximum 
range is about 3800 km. 
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Figure 5.8. The "corrected" oblquity factor, k sec I, and 
elevation angle as a function of circuit length for signals 
reflected from (a) the E layer, assumed to be at an altitude 
of 100 km and (b) the F layer, assuming that reflection 
takes place at 300 km. The two sets of curves correspond 
to one-hop and two-hop propagation modes. In the latter, 
the signals hit the ionosphere twice, and the ground in 

account of the fact that the Earth and ionosphere are both 
curved. The value of k is about 1.1 under most conditions. 
The obliquity factor decreases as the altitude of the reflec-

tion level increases. Thus it is greater for E-layer reflections 
than for F-layer reflections. For the F layer, which is so thick 
that we must consider the effects of the different altitudes 
within it, signals reflected from low in the layer have higher 
obliquity factors than signals reflected from higher up. 
Equation 5.3 may be used to calculate the MUF for reflec-

tion at a given altitude in the F layer, provided the critical 
frequency FC ( = foF2 in this case) is replaced by the plasma 
frequency, FN, which is related to the electron density at the 
given altitude by Equation 3.3: 

FN = 9 x 10 -3 

Thus if we wish to consider what happens to a ray at a fre-
quency lower than the MUF for the layer itself, we can work 
with the equation: 

MUF(h) = FN(h) x sec 1(h), 
where the "h" tells us that we are considering what happens 
if reflection occurs at the height h. Reflection can occur at 
the height h provided the operating frequency is less than 
the product of the plasma frequency and obliquity factor at 
that height. 

In general, the higher the frequency the higher it must pene-
trate into the ionosphere to find a plasma frequency high 
enough to reflect it. However, penetrating further into the 
ionosphere is not a good thing from the point of view of the 
obliquity factor, which decreases as the height of the reflec-
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between the two ionospheric reflections. These diagrams 
can be used to estimate the elevation angles for a circuit 
of given length, and thence to help in the choice of 
appropriate antennas, as well as estimating the obliquity 
factor for the circuit. The obliquity factors are greater for 
E-layer reflection than for F-layer reflection. 

o 

tion level increases, and acts in opposition to the effect of 
increasing plasma frequency. 
Figure 5.8 also shows the elevation angles corresponding 

to circuits of different lengths. For example, if the circuit 
length is 1000 km and reflection is to be by the E layer, the 
elevation angle of the signals would have to be nine degrees. 
We can also use this figure to work out where our signals 
would land if our transmitting antenna put most of its radio 
energy out at a particular elevation angle. For example, if 
a ray leaves the transmitting antenna at an angle of 28 
degrees, and is reflected by the F layer at 300 km, it would 
travel 3000 km. 
Figure 5.8 can be used to great effect in choosing the cor-

rect antenna for a circuit. HF communications will not be 
effective unless the antennas are chosen to match the path 
taken by the radio waves (see "choosing the correct anten-
na" later). 

The skip zone 
For propagation to be possible on a particular circuit, the 
operating frequency, P, must be less than or equal to the MUF 
for the circuit. Now, the MUF is defined as: 

MUF = Q x FC 

where Q is the obliquity factor and FC is the critical frequen-
cy of the reflecting layer. Thus it is necessary that: 

P ‘. Q x FC, 

from which we can deduce that the obliquity factor, Q, must 
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be greater than or equal to the quotient P/FC. (NOTE: The 
symbols < and > stand for less than, or greater than. When 
used in conjunction with an equal sign, meaning for exam-
ple, less than or equal to, they appear as < and .≥->.) 
Suppose the operating frequency P is 20 MHz and the crit-

ical frequency FC is 10 MHz. It is then necessary that Q 
20/10, or Q ?-2. Figure 5.8 tells us that for a one-hop F-layer 
propagation mode, Q 2 requires that the path length be 
greater than or equal to 1000 km (approximately). In other 
words, if we are using 20 MHz and the critical frequency 
of the ionosphere is 10 MHz, we can communicate with po-
sitions 1000 km or more away from us, but we cannot com-
municate with any position closer than 1000 km to us, if we 
stick to using the sky wave. The 1000 km zone around us is 
called the skip zone. Communication within the skip zone 
is still possible using the ground wave, but this peters out 
after about 50 - 100 km. 
When the operating frequency is less than the critical fre-

quency, there is no skip zone. The mathematically minded 
reader will note that under these conditions, it is necessary 
that Q -> N, where N < 1, but Q > 1 always because the se-
cant of any angle is always greater than one. Another way 
of thinking of the situation is that, by definition, the 
ionosphere will reflect all waves at frequencies less than the 
critical frequency when these are incident vertically on the 
ionosphere, and oblique propagation enhances the ability of 
the ionosphere to reflect a signal with a given frequency. 
The skip zone for a given transmitter will depend on the 

120 ° 130° 

operating frequency (increasing as the frequency increases) 
and on the critical frequency of the reflecting layer. The lat-
ter dependence means that the skip zone will have all the 
variations normally associated with the critical frequency — 
diurnal, seasonal and solar cycle. 
Figure 5.9 illustrates the skip zone for different operating 

frequencies for a transmitter situated at Alice Springs in Aus-
tralia. Any location within a contour marked as " f" MHz 
(where f = 12, 13, 15, 20, 25 etc) cannot be contacted via an 
F-region skywave using the frequency f. For example, if the 
operating frequency is 25 MHz, most of Australia lies in the 
skip zone. 

It is important to note that if the receiver is on the edge 
of the skip zone, the operating frequency must be the maxi-
mum usable frequency (MUF) for that particular circuit. Be-
cause energy arrives at a receiver on the edge of the skip zone 
by both the high and low rays, which coincide exactly at the 
MUF, the strength of the signal will be greater than at fre-
quencies less than the MUF. One advantage of working at 
the MUF, and thus on the edge of the skip zone, is this en-
hancement of the signal strength. However, as we shall see 
in a later article, working near the edge of the skip zone 
does have its problems. 
The skip zone is usually a pest when it exists, but it can 

sometimes be put to good effect if secure communications 
are required. If we do not want someone to hear our trans-
missions, we are sometimes able to ensure that he is within 
our skip zone. 

140° 150 ° 180° 

100 ° 110° 120 ° 130 ° 140 6 150° 160° 170 ° 

Figure 5.9. The skip zone for different frequency transmissions from a site in Alice Springs, Central Australia. 
Within any contour labelled "f", communication with a receiver inside the contour is not possible for frequencies 
greater than f MHz. For example, most of Australia lies within the 25 MHz skip zone. This means that a person in 
Alice Springs working on 25 MHz could not communicate with anyone in Australia apart from Tasmania, which lies 
outside the 25 MHz contour (near 42 degrees south). Note that the skip zone varies as the ionosphere varies. This 

particular diagram corresponds to 05 UT, March, high solar activity. The value of foF2 at Alice Springs was 11 MHz. 

88 — Australian Electronics Monthly — April 1986 



Propagation modes 
A propagation mode is the path that a radio wave takes when 
travelling or propagating from the transmitter to the receiver. 
These paths are many and varied and when a radio wave 
leaves a transmitting antenna, it will choose its own propa-
gation mode, which may not be the one we would have 
preferred it to take. Some propagation modes are better to 
use than others and we should always be aware of the modes 
that our signals are probably taking, even if we cannot force 
the signals to travel via the best mode or mode of our choice. 
Propagation may be one-hop (one single reflection from the 

Figure 5.10. Propagation modes which are possible for 
signals reflected from the Es, E or F2 layers. The top panel 
illustrates one-hop modes (1E, 1Es and 1F) which involve 
only one reflection from one ionospheric layer. The middle 
panel illustrates two-hop modes. The lower panel 
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ionosphere), two-hop (two reflections from the ionosphere, 
with a reflection from the ground in between), and so on, 
and may be via any one or several of the layers of the 
ionosphere. If we ignore reflections from the D and F1 lay-
ers, which are not usually important at HF, we need to con-
sider only reflections from the E layer, a sporadic-E layer and 
the F2 layer. Since we are ignoring the F1 layer, we shall talk 
about the F layer, rather than the F2 layer. Recall that at night 
only the F2 layer exists and is simply called the layer. 
Figure 5.10 shows some of the propagation modes which 

are possible using just the three layers. Luckily, some modes I> 

illustrates so-called "combination modes" which involve 
reflections from both an E layer (E or Es) and the F2 layer. 
Note that we have ignored modes involving reflections 
from the F1 layer, which are not important under most 
conditions. 
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lead to more attenuation of the signal than others and in prac-
tice we do not have to worry about them all. As a general 
rule, the higher the order of the mode, or the more hops it 
has, the lower its signal strength will be because every reflec-
tion of the signal at either the ground or ionosphere results 
in loss of energy. For example, the 2-hop F-layer, or 2F, mode 
must be reflected from the ground once, and from the F lay-
er once more than the 1F mode, suffering losses at each 
reflection. Consequently the losses on a 1F mode will always 
be less than those on a 2F or higher order (3F, 4F, ...) F-layer 
mode. Typical ground reflection losses for long hops (low 
elevation angles) are 3 dB for a poorly conducting ground 
and 0.5 dB for reflection from the sea. 
Lower order propagation modes are also characterized by 

higher MUFs than those supported by higher order modes. 
For example, the MUF for a one-hop F mode (1F MUF) is 
greater than the MUF for a two-hop F mode (2F MUF) on 
the same circuit. This is because the obliquity factor for the 
1F MUF corresponds to the full length of the circuit and is 
thus greater than for the 2F MUF, which corresponds to a 
hop length equal to half the full length of the circuit. 
The E layer is a much worse reflector than the F layer, and 

two reflections from it are normally enough to reduce the 
signal strength below the level of detectability, that is, it sinks 
below the noise level. Sporadic-E layers, on the other hand, 
are often very good reflectors of radio wave energy and can 
be very useful, although they can also sometimes be a bit of 
a menace. 

Multipath interference 
On any given circuit, it is usually preferable to have the sig-
nal propagate by only one propagation mode. If the signal 
arrives by two different modes, with approximately equal sig-
nal strengths, they can interfere with each other in what is 
known as multipath interference. This is because the signals 
usually have different travel times, the distances covered over 
the two propagation paths being slightly different. To see why 
having two signals is a bad thing, consider what happens to 
Morse code when the signals arrive by two different paths. 
This is illustrated in Figure 5.11, which shows what happens 
in the extreme (and unlikely) case in which the second sig-
nal is delayed by exactly a pulse length. When we should have 
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RESULTANT OF SHORT 
AND LONG PATH 
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Figure 5.11. Pulse-coded signals (such as morse code) 
arriving at a receiver by two different propagation modes 
whose path differences is such that signals travelling over 
the longer path arrive exactly one pulse length later than 
those travelling via the shorter path. The resultant signal, 
illustrated in the lowest of the three sketches, is formed by 
adding the signals which arrive at the same time. It can be 
seen that the resultant signal often bears no relation to the 
transmitted signal, because pulses from the long path 
reach the receiver when a null is arriving from the short 
path. This is a particularly severe example of multipath 
interference. Pulse lengths are usually chosen to be much 
longer than the propagation modes, and multipath 
interference is then not so severe. However, if high data 
rates are required, necessitating short pulse lengths, 
multipath interference becomes very important and must 
be taken into account. 

had no signal if we are going to make sense out of what we 
are receiving as signal 1, the signal coming via the second 
propagation mode has a pulse arriving. The result of the two 
signals adding together in our receiver is thus a continuous 
signal, with no breaks to indicate spaces between the pulses. 
All information content of the signal is therefore lost. 
There are two ways to avoid multipath interference. The 

simplest is to choose a frequency that is too high to propagate 
by any mode other than the lowest order mode. Recall, for 
example, that the 1F MUF is always greater than the 2F MUF. 
The second way, which is not so simple, is to choose an an-
tenna which favours one propagation mode. This is just one 
good reason for choosing an appropriate antenna for a given 
circuit. 
Interference can also occur between the high ray and low 

ray on any circuit, if they have equal amplitudes. However 
there is no multipath interference at the MUF, since the sig-
nals propagating by the high and low rays follow exactly the 
same path and take exactly the same time to travel to the 
receiver. We shall return to this point in a later article. 

Tx 
Rx 

Figure 5.12. The antennas should always be chosen to 
match the length of the circuit. In this diagram, the 

transmitting antenna is ideally suited to the 1000 km 
circuit, but it is no use for a 300 km circuit (or shorter) 
because virtually no energy goes off at the steep angles 
required for the short distances. 

Ix 300km 
1000km 

Figure 5.13. The antennas should always be matched to 
the required propagation modes. In this example, most of 
the transmitted energy would travel via the 2F mode, so 
there is no point in choosing a frequency that is supported 
by the 1F mode, but not by the 2F mode. The failure of the 
antenna to excite the IF mode could, however, be an 
advantage because of the decreased probability of multi-
mode (multipath) interference. 
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Figure 5.14. Raypaths for increasing frequencies on a 
fixed circuit. The higher frequency rays (2 and 3) penetrate 
further into the ionosphere than the low frequency rays 
(ray 1) and leave the transmitting antenna at 
correspondingly higher elevation angles. Rays at 
frequencies higher than the MUF reach altitudes where the 
obliquity factor is too low for reflection to occur. They 
therefore penetrate the ionosphere. 

Choosing the correct antenna 
Basically, there is just one reason for choosing the correct 
antenna — so that the signals propagate over the path that 
we want them to, both in terms of arriving at the receiver 
at all, and then to do so by the best possible propagation 
mode. The choice of antennas is very much a "horses for 
courses" selection. One antenna may be ideal for one situa-
tion, but almost hopeless for another. 
Before choosing an antenna, we must first work out the 

geometry of our circuit, especially the elevation angles, which 
are normally the same at the transmitter and receiver. We 
can do this using Figure 5.8, reading off the elevation angles 
for each possible propagation mode. As a working rule, for 
low frequencies (up to about 10 MHz) we should assume 
E-layer propagation during the day, with F-layer propaga-
tion at higher frequencies. Only one-hop and two-hop modes 
need be considered*. 
Once we have deduced the elevation angles for the 1F and 

2F modes, say, we can select an antenna which first of all 
has a radiation pattern with a maximum at the appropriate 
elevation angle. For example, for a 1000 km circuit, the ele-
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vation angles for the two modes are 28 degrees and 48 
degrees, so we would need to choose an antenna which radi-
ates the bulk of its energy somewhere around 45 degrees. An 
antenna which puts most of its energy out at an angle of 10 
degrees, for example, would be absolutely useless on this cir-
cuit — most of the energy would end up at a range of 2000 
km. In this case it would hit the ionosphere over the receiver, 
which is clearly not what is intended. 
Figure 5.12 illustrates the gain pattern for an antenna which 

would be quite suitable for a 1000 km circuit, but which 
would be quite inefficient for a short circuit (including a ver-
tical incidence one). Antennas must be chosen to match the 
intended circuit length. They must also be matched to the 
intended propagation mode, as illustrated in Figure 5.13. In 
this case most of the energy would travel via the 2F mode, 
so there is no point in working at a frequency which is sup-
ported by the 1F mode but is too high for the 2F mode. 
Figures 5.12 and 5.13 also illustrate the fact that, for the 

same operating frequency, signals on short circuits need to 
penetrate more deeply (higher) into the ionosphere before 
they can be reflected. At vertical incidence, a signal at a fre-
quency equal to foF2 would need to penetrate right through 
to hmF2, the height of maximum electron density. However 
on an oblique circuit, the same signal would be reflected at 
a lower lever — the longer the circuit becomes, the lower the 
level of reflection, because the increasing obliquity factor me-
ans that a lower plasma frequency is adequate to reflect the 
signals. 

If the obliquity factor is kept more or less fixed by consider-
ing a fixed circuit, and the operating frequency is increased, 
the increasing frequencies would need to penetrate higher 
into the ionosphere for reflection to occur. This means that 
for a given circuit, the higher frequencies will leave the trans-
mitting antenna at the higher elevation angles and follow 
higher raypaths to the receiver. 
This is illustrated in Figure 5.14. Note that signals at the 

MUF on an oblique circuit do not reach innF2. Any attempt 
to use a higher frequency than the MUF, by trying to have 
the signals reflected from a higher altitude, is defeated by 
the fact that the obliquity factor decreases as the altitude in-
creases. Such frequencies would therefore not be reflected, 
but would penetrate the ionosphere. 
Table 5.1 is a good guide to the choice of an antenna ap-

propriate to a particular circuit. For distances under about 
1000 km, a horizontal dipole antenna would be a good choice. 
A vertical monopole, or a whip antenna, would be a poor 
choice because most of the energy radiated from a vertical 

Path length Required radiation 
km (elevation) angles 

Suitable simple antennas 

0-200 

200-500 

500-1000 

1000-2000 

2000-3000 

>3000 

60°-90° Horizontal dipole: broadside to required azimuth, 
0.25 wavelength (X) above ground. 

40°-70° Horizontal dipole: broadside to required azimuth, 
0.3X above ground. 

25°-50° 0.25X vertical monopole or horizontal dipole: 
10°-20° broadside to required azimuth, 0 5X above ground. 

10°-30° Vertical monopole: up to 0.3X long with ground 
and low angles screen. 

5°-15° Vertical monopole: up to 0.3X long. 

and 20-30° 

low angles Vertical monopole: up to 0.6X long with ground 
screen. 

TABLE 5.1. Examples of simple antennas which can be used on circuits of given lengths and elevation angles. The 
propagation modes are assumed to be single hop modes. • When life starts to get too serious, this rough and ready 

approach is not good enough and the experts should be called 
in. 
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monopole leaves the antenna at low elevation angles. Verti-
cal monopoles are most suitable for long circuits. For very 
short circuits, the best antenna is a half-wave horizontal di-
pole erected high above the ground. This antenna sends most 
of its energy straight up, or nearly so, where the ionosphere 
will reflect it back down to within an area centred on the 
transmitter. 
Choosing an antenna that will support only one of the pos-

sible propagation modes on a given circuit can be quite a 
difficult job and requires more complicated and expensive 
antennas than are normally available. 

Absorption 
Every radio wave reflected from the ionosphere is partially 
absorbed as it passes through the D region, both on the way 
up to the reflection point in the E, FI or F2 layers, and on 
the way back. It is therefore essential that we know some-
thing about absorption. 
Absorption is easily explained on what is called the 

microscopic level, which means that we look at what in-
dividual atoms are doing. When an electron absorbs energy 
from a radio wave, it vibrates or oscillates to and fro at a fre-
quency equal to that of the radio wave. The energy of the 
radio wave is thus transformed into kinetic energy, or ener-
gy of motion. The oscillating electron re-radiates this ener-
gy in the form of radio waves (this is how a radio wave is 
transmitted from an antenna) so the energy of the radio wave 
is passed forward from one electron to the next. 

If, however, an oscillating electron collides with a heavy 
neutral atom, it will give up its energy to the atom. The atom 
does not then vibrate at the radio wave frequency, because 
it is not a charged particle, but uses its increased energy to 
travel a little faster. The energy which the electron took from 
the radio wave is thus lost as far as the radio wave is con-
cerned and we say that part of the wave's energy has been 
absorbed or that the signal has been attenuated. 
Because it is the neutral atoms which are the villains of 

the piece, snatching radio wave energy from the light-weight 
electrons, we can deduce that absorption will be strongest 
where there are the most neutral atoms. This is at lower alti-
tudes in the atmosphere, so the parts of the ionosphere giv-
ing rise to most absorption of radio signals are the D region 
and, to a lesser extent, the lower part of the E region. 
To a first approximation, the absorption of a radio signal 

follows the same variations as the electron density in the D 
region. This is particularly the case for signals reflected ob-
liquely from the F layer, which is our main area of interest 
here. For signals reflected vertically from the E region, ex-
tra absorption occurs near the level at which the signal is 
reflected, and this is related more to the way the electron den-
sity varies with height in the E region than to the underly-
ing D region. The extra absorption is known as deviative 
absorption because it occurs when the ray is deviated by the 
ionosphere — in fact the ray is deviated completely around 
so that it retraces its upward path. In other words, the ray 
is reflected. The absorption suffered by the signal as it pass-
es through the D region is called non-deviative absorption, 
because the ray passes essentially undeviated through the D 
region. It is the non-deviative absorption which follows the 
variations of the D region and which is important for HF com-
munications via the F region. 
Non-deviative absorption builds up after sunrise, is greatest 

at noon, drops rapidly after sunset, and is almost zero at mid-
night. It is greater in summer than in winter, in general, and 
is greater at higher levels of solar activity. These variations 
are illustrated in Figures 5.15 and 5.16. The absorption varies 
inversely with the square of the frequency — for example, 
if the frequency is decreased by a factor of two, the non-
deviative absorption will increase by a factor of four. This 
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is why higher frequencies are normally preferred to lower 
frequencies. 
An interesting feature of absorption in Winter at mid lati-

tudes is the occurrence on some days of very high values of 
absorption. These days are called winter anomaly days be-
cause of the anomalously or unusually high values of absorp-
tion, which can reach the levels normally encountered only 
in the Summer. Fortunately, the Winter anomaly can be over-
come by the use of higher frequencies for communications 
since the critical frequency of the F2 layer (foF2) is higher 
in winter than summer. This is the mid-latitude seasonal 
anomaly described in Part 4. 
The absorption of a wave depends on the sense of its polar-

ization. For example, an extraordinary wave is more heavi-
ly absorbed than an ordinary wave. This can be explained 
quite nicely on the microscopic level. The electrons in the 
ionosphere cannot move across the field lines of the Earth's 
magnetic field, but instead circle or gyrate around them. The 
rotating electric field of a circularly polarized wave can act 
to either speed the electrons up, or slow them down, depend-
ing on the direction of rotation of the electric field. The or-
dinary wave is the one whose electric field slows the electrons 
down, while the extraordinary wave gives them extra ener-
gy and speeds them up. 
The more energy the electrons get from the wave, the larger 

the radius of the circle which they travel in, and the larger 
the chance of their striking a neutral atom and losing all of 
their energy. Consequently the extraordinary wave is more 
heavily abosrbed than the ordinary wave. When the wave fre-
quency of the extraordinary wave is equal to the gyrofrequen-
cy (the frequency at which an electron gyrates around a field 
line — see Part 4), all the energy of the wave is transferred 
to the neutral atoms and the wave is completely absorbed. 
This does not happen with the ordinary wave. 

The lowest usable frequency 
We have seen earlier that the highest, or maximum, usable 
frequency depends on the critical frequency of the 
ionosphere at the reflection point and on the geometry of the 
circuit, which determines the obliquity factor. There is also 
a lowest usable frequency for a given circuit at a given time, 
which depends on: 

(1) The efficiency of the antennas. 
(2) The transmitter power. 
(3) How much absorption the signal suffers. 

At low frequencies, the optimum size of an antenna can 
get prohibitively large. For example, at 2 MHz, a halfwave 
dipole is 75 m long. It is therefore common practice to use 
smaller, less efficient, antennas which lead to less energy ac-
tually being radiated for a given transmitter power than is 
possible for an ideal antenna. This inefficiency can be over-
come to some extent by increasing the transmitter power to 
get the received signal up to the required signal strength. 
Since the efficiency of a given antenna decreases with fre-
quency, a point will be reached as the frequency is decreased 
when the signal arriving at the receiver cannot be detected 
above the background noise level. This frequency is called 
the lowest usable frequency or LUF. 
The LUF is also heavily affected by the ionosphere, in par-

ticular by the amount of absorption that a signal suffers as 
it traverses the D region. We have seen that absorption de-
pends inversely on the square of the frequency, so that as 
the frequency goes down, the absorption increases and the 
signal at the receiver gets correspondingly weaker. The ef-
fect on propagation is obviously very similar to that of an 
inefficient antenna, both acting to decrease the signal 
strength as the frequency decreases. The LUF on any circuit 
is set by the two phenomena acting together. 



Radio Communicators Guide. Part 5 

60 N° SUMMER 1956 

dB 

25 

20 

15 

10 

40 

dB 

30 

20 

10 

o 

o 

0 0 

, 
O 02 1` 04 

sunrise 

06 08 10 12 14 

LOCAL TIME 
16 18 20'1"22 24 

sunset 

WA/ 11-

1935 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 1952 

Because the LUF on a circuit depends significantly on the 
amount of absorption that a signal suffers, it will vary in 
much the same way as absorption itself varies. In other 
words, the LUF on a given circuit will be highest during the 
day, during the summer, and at solar maximum. At night, 
when the absorption is very small, the LUF decreases to very 
low values and is controlled only by the inefficiency of the 
antennas, provided the transmitter power is sufficient to give 
an adequate signal-to-noise level at the receiver. 

Variability of the MUF 
We saw in Part 4 that the ionosphere varies significantly from 
one day to the next, and that this variability is described in 
practice by the statistical terms lower decile, median and up-
per decile. Because of this variability, the MUF defined by 
equation 5.3 will also vary from day to day and must be 
described in statistical terms. In practice, the term MUF is 
used in two senses: 

(1) As the maximum usable frequency corresponding to a 
given critical frequency and circuit (equation 4.3). 

(2) As the monthly median value of the maximum usable 
frequency on a given circuit at a given hour for a given 
month. 

The term is used in the latter sense when talking about 
predicted values of the maximum usable frequency. 
When predictions of the MUF are made for a particular 
month on a given circuit, the frequencies specified are 
normally the expected median values of the individual 

Figure 5.15. The diurnal 
variation of absorption due to 
the D layer at a station 60 
degrees N, in summer at high 
solar activity. The absorption 
peaks at noon and drops off to 
zero during the very short 
night. 

Figure 5.16. The variation of absorption of 
a vertically incident radio wave at 4 MHz, 
for Slough (near London, UK), from 1935 
to 1952. The absorption shows an annual 
variation, generally being greater in mid-
year (summer) than at the end of the year 
(winter). It also shows a solar cycle 
variation, being greatest in years of high 
solar activity, such as 1937 and 1947. The 
January 1941 results show a winter 
anomaly period during which the 
absorption exceeded even the normal 
summer levels. 

MUFs for the month. Recall that the median value is the 
value which is greater than half of the individual values. 
If we were to use the predicted MUF at a particular hour 
for communications on the corresponding circuit. we 
would expect to get through on that frequency on 50% 
of the days of the month. 
Although HF communication has its failings, we can 

certainly do better than a 50% success rate for com-
municating on a given circuit. If we use a frequency 
which is lower than the predicted median MUF (and our 
predictions have no errors!), there will be more than half 
the days on which our working frequency is below the 
actual daily value of the MUF. Some communicators 
work on a frequency which is 15% less than (or 85% of) 
the predicted MUF, with a view to achieving substan-
tially higher success rates than 50%. However it is more 
logical to use a frequency which is equal to the lower 
decile value of the individual MUFs. We would then ex-
pect to get through on that frequency on 90% of the days 
of the month (at a particular hour), without having to 
guess how often communications at a frequency equal 
to 85% of the MUF would be successful. 
The frequency which is equal to the lower decile value 

of the 30 or 31 individual MUFs for the month is known 
as the optimum working frequency (OWF) or frequency 
optimum travail ( FOT). The OWF or FOT is the interna-
tionally agreed standard for the "best" or "optimum" 
frequency to use at a given hour on a given circuit. Its 
use will result in successful communications, at least as 
far as the correct choice of frequency is concerned, on 
90% or 27 days of the month. 
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aem star project 

A nine element vagi for the 
two metre band 

7 DIRECTORS 

Garry Crapp 
Technical Products Department 
Dick Smith Electronics 

Here's a simple-to-build nine element Yagi 
kit featuring coverage across the entire 
144-148 MHz amateur 'two metre' band. It 
delivers reasonable gain, requires no tuning 
and can be used for vertical or horizontal 
polarization. 

PROBABLY THE MOST POPULAR of the amateur bands 
above 50 MHz is the two metre band, 144-148 MHz. These 
days, activity covers virtually the entire band. Dedicated 
DXers running regular skeds' (contact schedules at set times) 
using CW and single sideband occupy the first half mega-
hertz — and consistently work distances, day and night, that 
would be the envy of many 80 metre operators. A variety of 
beacons populate the next half megahertz. Satellites are found 
just below 146 MHz while FM operation predominates from 
146 to 148 MHz with 'channelised' operation providing a host 
of simplex channels and repeaters located all over the coun-
try. There is also increasing ' non-voice' activity in this end 
of the band, with radioteletype ( RTTY) and packet radio 
operation. 
Getting amongst the myriad activities on this popular band 

is not as simple as getting hold of a rig and ' running-up a 
wire', as you can on the HF bands. Simple antennas, such 
as a groundplane, will get you on the air, but soon you'll feel 
the need for ' something a bit better'. 

Considerations 
Through a carefully thrashed-out 'gentlemen's agreement', 
the two metre band has been segmented to avoid clashes be-
tween the fundamentally different transmission modes and 
the activities that they suit. Operation down the ' bottom end' 
of the band employs horizontally polarised antennas from 
long established practice. In the ' top' 2 MHz, vertical polar-
isation is employed, for FM activity commenced principal-
ly as a mobile-to-mobile and mobile-to-base operation. 
Vertical whips are much easier to install on a vehicle! While 
that is still the major ' flavour' of FM activity, this end of the 
band is now often used for cross-town chatter. 
For satellite operation, circular polarisation is employed 

for the signal may arrive from the ' bird' at any angle. Most 
often you'll find satellite proponents using two linearly 
polarised antennas arranged at right angles and connected 
so as to receive or transmit signals that may have any ran-
dom polarisation. 
The range any VHF/UHF station can reliably achieve 

without ' external' assistance from repeaters or propagation 
phenomena is entirely determined by what is called ' station 
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Figure 1. General mechanical and assembly details. 

system performance'. A station system comprises: 

• the antenna 
• the feedline 
• the receiver, and 
• the transmitter 

The ' height of the antenna above average terrain' (termed the 
HAAT), also matters. Either you buy a home on top of the 
biggest hill for miles around, or put your antenna as high as 
you can (on top of the biggest tower you can afford)! 
The performance of the receiver and transmitter is a mat-

ter of personal preference and depth of pocket, and as this 
is an antenna project, let's just stick to what can be done with 
the antenna and feedline. 
To make the most of your location, no matter how 'good' 

the site, a beam antenna is necessary. By far the most popu-
lar beam antenna type employed on the amateur VHF and 
UHF bands is the Yagi, named after Hidetsu Yagi, one of the 
co-inventors. Its popularity derives from its ability to deliver 
the most gain for the least materials used, or 'best bang for 
the buck' as the Americans say. 
The design of Yagi antennas is not simple, there being com-

plex mathematical interrelations between the dimensions of 
the elements and their spacings etc to produce the desired 
results. In years gone by, there was a lot of ' cut-and-try'. 
Modern mathematical analysis and computer number-
crunching has been able to make Yagi antenna design more 
of an engineering exercise. 

Design details 
The first major requirement of this antenna, like the K6305 
70 cm Yagi described in the February 1986 issue of Australian 
Electronics Monthly, was simplicity of construction. To that 
end, a simple element spacing scheme was settled on, using 
directors all the same length and spacing. A mechanically 
manageable boom length had to be determined, consistent 
with achieving a beam with reasonable gain (i.e.: 10 dB or 
better). A boom length of about 2.5 metres was settled on, 
on which a nine element Yagi fitted well. The seven direc-



tors and single reflector are cut from 9 mm diameter alumini-
um tubing. The driven element is a folded dipole, fabricated 
from 10 x 3 mm aluminium strip. This comes pre-formed 
in the kit. 
Figure 1 shows the overall mechanical details. The spac-

ing between directors is 310 mm. All directors are 836 mm 
long; the reflector 1140 mm long. The end-to-end length of 
the prefabricated folded dipole is 870 mm. 
The folded dipole feedpoint is terminated to a small pc 

board. 'Folding' the driven element raises its impedance to 
a manageable several hundred ohms. But, the feedpoint is 
balanced and because unbalanced 50 ohm coaxial cable is 
a readily available and commonly employed feedline on the 
VHF bands, a suitable matching scheme to provide the re-
quired impedance and balanced-to-unbalanced transforma-
tion is necessary. Here, a 'trombone' balun has been used 
for the task. 
The general arrangement of the trombone balun is shown 

in Figure 2. Now you see where its name came from! The 
U-section is a half wavelength of 50 ohm coax, taking the ve-
locity factor of the line into account (typically around 0.66 
or so for common dielectric cables). The 50 ohm coax feed-
line is parallelled with one end and the inner conductors con-
nect to the dipole feedpoint. The U-section provides a 4:1 
impedance transformation as well as converting between the 
balanced and unbalanced condition. In the kit, the trombone 
U-section is cut from a length of coax supplied which is about 
70-odd cm long. 
The reflector and driven elements are attached to the 

19 x 19 mm square section aluminium boom using a simple 
element-to-boom clamp made from a short piece of 25 mm 
wide aluminium U-channel. Figure 4 shows the general ar-
rangement. 

Performance 
The antenna was designed to work across the whole band 
and exhibits a voltage standing wave ratio (VSWR) of 1.5:1 
or better over 144-148 MHz. Gain achieved is around 12 dB 
with respect to a dipole ('dBd'), and the front-to-back ratio 
17 dB. The measured 3 dB beamwidth (E-plane) is about 50 
degrees. Table 1 summarises the details. 

Assembly 
Construction is quite straightforward. No measuring or drill-
ing is required. First, identify the reflector — it's the longest 
length of aluminium tubing! You'll find the boom has the ele-
ment positions marked. The position of the folded dipole 
driven element is easily identified, for two holes are drilled 
in the boom on the side where the pc board feedpoint termi-
nation mounts, and one hole is drilled on the opposite side 
of the pillar that supports the dipole. 
Assembly should commence with the balun and feedpoint 

pc board. The balun should be cut from the length of 
RG58C/U supplied with the kit, as per Figure 3. Overall length 
is 720 mm. Cut back the outer sheath 15 mm from each end, 
unbraid the shield and form it into a ' tail'. Then bare the 
centre conductor for 5 mm at each end, removing the insu-
lation with a razor or sharp hobby knife. At all times take 
care not to nick the wires. Now you can solder the balun to 

This month's * Star Project * is from Dick Smith Electronics 
who will be marketing kits through their stores and dealers; cat 
no. K6297 $89. Mail order enquiries to PO Box 321, North Ryde 
2113 NSW. (02) 888 3200. 

BALANCED 
FEEDPOINT 
200 OHMS 

50 OHM COAX 
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Figure 2. The trombone' balun. 
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Figure 3. Balun/feedpoint assembly. 
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the pc board as detailed, starting with the braid tails, then 
following with the centre conductors. Take care not to melt 
the coax's insulation. Once that's done, put the assembly 
aside. 
Now you can start assembling the directors and reflector 

to the boom. The element-to-boom clamp assembly is illus-
trated in Figure 4. It consists of a short piece of 25 mm wide 
aluminium U-channel, drilled through the sides of the U at 
the open end, through which the element passes, and drilled 
through the bottom so that a bolt and nut can clamp the ele-
ment to the boom. 
The element positions are all marked on the boom. Line 

up the directors and reflector over the marks and tighten the 
element clamp nut. Now you can assemble the driven 
element. 
Holding the folded dipole in place, pass the long bolt 

through it, the 30 mm long standoff pillar and the boom so 
that the bolt protrudes right through the side where the pc 
board mounts. Slip the pc board (with attached balun) in place 
and secure it with washers and nut as indicated in the 
Figure 5 drawings. Now secure the pc board to the boom with 
the short bolt. 

A 'flying lead' of 50 ohm coax has to be attached to the feed-
point, as per Figure 3, to run down to the main antenna feed-
line. This flying lead should be flexible cable and of sufficient 
length to allow rotation of the antenna without becoming 
fouled or strained. After attaching the flying lead, seal the 
terminations with a suitable sealing compound such as Sel-
ley's 'Silastic'. The folded dipole terminations may be pro-
tected from the ravages of the weather with clear lacquer. 

BOOM 

U-CHANNEL 
CLAMP ASSEMBLY 

BOLT 

Figure 4. The element-to-boom clamp. 

STAR WASHER 

FLAT WASHER 

SPRING WASHER 

BOLT 

î 

NUT 

COPPER SIDE OF PC 
BOARD UPPERMOST 

BOOM 

30mm LONG 
ALUMINIUM 
TUBE STANDOFF 

a LONG 
g BOLT 

Figure 5. The folded dipole assembly. 
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Mounting and rotating it 
This antenna has to be mounted to the antenna mast at the 
balance point of the boom, whether it's horizontally or ver-
tically polarised. If a single one is employed in vertical polar-
isation, then a non-metallic mast must be used for a distance 
below the antenna of at least half the Yagi's boom length. 
For clamping the boom to the mast, a variety of clamps made 
for TV antenna application are available. 
Suggested arrangements for mounting the antenna are 

given in Figure 6. Most light to medium duty rotators may 
be used for aiming this antenna. 
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Figure 6. Suggestions for mounting and rotating the antenna. 

Feedline considerations 
Having settled on where and how high the antenna's to be 
mounted, consider the feedline. As you know, all feedlines 
exhibit loss. What point is there in putting up a gain anten-
na if you throw away the gain with loss in the feedline? Not 
only that, lossy feedlines affect receiver noise figures and 

—to p.101 
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RECEIVE A SPECIAL 

FREE GIFT 
When you subscribe to Australian Electronics Monthly, not only do you receive 
the brightest, most informative and most useful magazine around, but we'll give 
you a free gift of your choice! 
Fill in the subscription form here, post it to us and we'll start your subscription 
from the next issue and send you your free gift. 

GIFT CHOICE 1 

GIFT CHOICE 2 

GIFT CHOICE 3 

A set of C. K. Allen Keys. Top West 
German quality. These little beauties are 
always in need and come in nine different 
sizes. They're ideal for anyone with an 
interest in electronics. 

Best quality West German screwdrivers 
from C.K. 
We use these in our laboratory and 
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specifically designed for eletronics 
requirements. 
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------46411,111111111111 

If you elect to take our Subscribers' Gift Voucher, you can use it to get a $10 discount when you purchase 
any item or items by mail order or in-store from any of your favour ite electronics or computer reta ilers 

honouring the voucher when you make a purchase in excess of $20. This offer is currently available from 
Jaycar, All Electronic Components, Applied Technology and Magraths. 

GIFT CHOICE 4 A pack of 23 selected 74LS ICs to the 
value of approx. $27. This super pack 
contains the most common ICs, and are 
ideal for design, servicing, project 
construction, etc. 

gr,dmr.damorAar.dairAmirliarasnoissrArasr...mrAmPAardninaaramr.amPAIVAIlare.aarAmr....urAmorAimraaw,dur,dar,aspram 
Please post to Australian Electronics Monthly PO Box 289 Wahroonga 2076 
Please forward me 12 issues of Australian Electronics Monthly and the gift GIFT CHOICE 1E1 GIFT CHOICE 2E1 GIFT CHOICE 3 I-I GIFT CHOICE 47, 

All cheques or money orders should be made payable to Australian Electronics Monthly. 

Price for subscription is $31.20 N.Z. $A52.80 airmail 

Please tick payment method Cheque/money order E Bankcard E Visa E Mastercard E American Express E ! 

Card No.   Expiration  g 

‘ (Note Unsigned credit card 
Signature   orders cannot be accepted) 

Name   

Address  

  Post Code 

Allow a minimum of 4 weeks delivery of your gift 4 
hedandarAmprAmnioardarAar.aorAwrAiruwasurumorAw-AminiardarAilevAiiriiimprAiiir.airaienduniar..mgairdandonme 

April 1986 — Australian Electronics Monthly — 97 



Why buy a toy computer when 
you can have the real thing for a 
little more? 
Optional expansion card e.g. 8 slot backplane 
A/D converter and DIO 

video Intérface multifurn board 

DATASYSTEM 1 the computer that could 
have been designed just for electronics and 
computer enthusiast 

8088 processor 
150W power supply 

flip top lid for easy access 

optional 8087 co- processor 

spare power plugs 
12V, 5V for your 

experimental set ups 

TEAC diskette drive(s) 

optional 20Mb hard disk 

The DATASYSTEM 1 is a totally IBM compatible PC, it can run 
any program, board or peripheral that will run on an IBM PC 
and we guarantee it. The DATASYSTEM 1 has one extra fea-
ture — accessability — you can get inside the machine easily, 
you can add extra boards, drives, whatever you want. It's ideal 
for the enthusiast who doesn't think a computer' is a box that 
crunches numbers. Best of all the DATASYSTEM 1 is quality 
all through, an excellent keyboard, high quality diskette drives 

/ 1111111111111111111 

and superb PC boards with solder masks. Every item is fully 
tested before it is delivered (by people who know computers,) 
and best of all it is backed nationally by Science and Comput-
ing Application (S.C.A.), one of Australia's leading profession-

«Sandi& CUTIfflePUCATIONS 

asic configuration includes 
256kb Motherboard with 8 

Dackplane. keyboaro 
.ase with flip flop le 
50W Power Supply . 1 
D Cskette drive 

S1140 ex fax 
S1295 inc. tax 

al scientific computing specialists. 
With DATASYSTEM 1 you can run all the programs you can 
only dream about with the average home computer, such as 
Flight Simulator, spreadsheets like Lotus 1-2-3 or printed cir-
cuit board programs like Smartwork and Autocad. The possi-
bilities are endless! Don't buy a toy when you can have the 
real machine. Give us a call now. 

Features of the DATASYSTEM/1 
• 8088 processor (4.77 MHz clock) 
• optional 8087 co-processor 
• fully socketed motherboard 
• 8 slot backplane with 256Kb RAM 
• 150 W power supply 
• attractive metal cabinet with lift up lid for easy 

access (especially practical for laboratory appli-
cations) 

• High quality IBM-PC style keyboard with indica-
tor LED's 

• TEAC double density or quad density diskettes 
(half height) 

• optional 20Mb SEAGATE hard disks ( half height) 
• colour/graphics and/or monographics (HERCULES 

compatible) cards available 
• fully compatible vith IBM-PC hardware and soft-

ware (runs Flight Simulator) 
• multifunction cards available with 384K RAM. 

parallel and serial prts, battery backed calendar 
clock, games port 

• 12 months guarantee 

SCIENCE & COMPUTING APPLICATIONS 
P.O. Box 251, Kensington NSW 2033, Australia 

Options include monitor, 8087 Maths 
Co-processor. 2nd OD diskette drive, 
multi-function cards, hard disk drives all 
at equally low prices, call us for details. 

Portable Version also available with 
same motherboard and built in 9 inch 
screen — Just $2100 plus sit. 

N.Z.: S.C.A. (N.Z.) (09) 665 918 
Vic: L.S.A. (03) 419 7400 
Old: Galt« Systems (07) 369 5900 
S.A.: Microlog Controls (08) 297 2444 
Tas: HST Industries (002) 34 8499 

Tel: (02) 662 4255 
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NEW PRODUCTS NEWS 

Philips extend "zero defects" 
warranty to include all integrated 
circuits supplied worldwide 
The "zero defects" warranty implemented in August 1985 

by the Philips affiliate Signetics (Sunnyvale, California), 
is being extended to cover all integrated circuits produced 
worldwide by the Philips group of companies. Under the 
terms of the Warranty a customer who finds a single defect 
in a batch will be able to return the entire batch to Philips 
for re-screening or replacement. Philips are the first major 
integrated circuit suppliers in the world to set a Zero Defects 
standard, they say. 

The warranty took effect from 
March 1st and will apply im-
mediately to all standard-
function ICs manufactured to 
that date. Customers will have 
a thirty day period in which 
they can report a faulty batch. 
The zero defect warranty will 

also apply to application specif-
ic ICs (ASICS) but only with 
close customer cooperation. 
"With this warranty we are 

telling our customers that our 

standard is not 500, not 200 nor 
50 parts per million, but zero", 
said Bill McCormick, general 
manager of the Electronics 
Components division of Philips 
Australia. 

"It is clear to us that the en-
tire IC manufacturing industry 
must eventually offer the same 
warranty, and we are in a posi-
tion to spearhead this move-
ment," he said. 

Philips began a major quality 

Bonzer trimmers 

A range of bonzer trim-
mer capacitors from A. 

Tronser GmBH of West Germa-
ny is now stocked by Promark 
in Sydney and Melbourne. All 
are air dielectric types for pc 
board and panel-mounting ap-
plications. 

Also available in the range are 
miniature solid dielectric tubu-
lar types for UHF and micro-
wave applications. Maximum 
capacitance values range from 

2 pF to 100 pF. 
Further details from Promark 

Electronics, PO Box 381, 
Crows Nest 2065 NSW. (02) 
439 6477. 

Power problems 

The problem of providing 
an interference free pow-

er supply for computers and 
micros has become a feature of 
today's electronic era. Many 
types of destructive interference 
reach sensitive equipment 
through the power supply 
mains. 
Electromark has taken a spe-

cial approach to the problem. 
For protection of equipment, 
software and data against 
damage or corruption from 
spikes, normal mode noise and 
common mode noise, they in-
stall a Tycor filter located be-
tween the power outlet and the 
computer. 

Advantages claimed for the 
Tycor filters are: • Dedicated 
lines become unnecessary; 
• Reduction in downtime; 
• Decreased service costs; 
• Elimination of time consum-
ing and costly reboots. 
Tycor filters will remove 

decaying oscillatory transients 
and spikes as well as common 
mode noise, according to the 
makers. They also offer almost 
complete protection against 
massive impulses from lightn-
ing strike and other power line 
accidents, say Tycor. 
For further information, 

specifications and prices, con-
tact Electromark Pty Ltd, 43 
Anderson Road, Mortdale 2223 
NSW. (02) 570 7287. 

improvement program in 1981, 
starting in the components 
group, to eliminate defects by 
designing them out of their 
manufacturing and administra-
tive operations. At that time, the 
IC industry's average outgoing 
electrical defect rate ran at 
about 10 000 parts per million. 
The program caused a cultur-

al renaissance within Philips 
making defect prevention — 
rather than detection — the only 
way to perform. Every member 
of the workforce was actively 
involved in this process. Each 
individual within the company 
was committed to quality im-
provement. Philips say. 
By 1985 the impact of the pro-

gram was such that the im-
plementation of the zero defect 
warranty became a reality. 
The program is now at the 

point where continued improve-
ment depends increasingly on 
customer interaction and 
cooperation. The ongoing col-
lection of field data — and sub-
sequent analysis — and 
cooperation with major cus-
tomers are essential to the com-
pany's ultimate goal of zero 
defects, according to Philips. 
To stimulate industry-wide 

interest Philips will launch an 
international IC promotional 
campaign from mid-year. The 
campaign will centre on the use 
of a graphically-striking "0" 
symbol accompanies by the 
words "one standard, Zero 
Defects — from people commit-
ted to quality". A similar cam-
paign has already been running 
in USA and international maga-
zines under the Signetics name. 
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JEMAL APPOINTS VICTORIAN REP. 

Jemal Products of Perth has announced the appointment of All Elec-
tronic Components as the sole Victorian distributor of the huge 
range of goods and services offered by Jemal. 

Manufacturers, designers, etc in Victoria will now be able to com-
municate directly with technical people for componentry, pc board 
and front panel work, assuring a most professional finish to any 
prototype and product run at modest cost, Jemal says. 

Services available include sourcing, supply and assembly of com-
ponents, manufacture of printed circuit boards, panels, chassis and 
racks. Plated-through hole PCB facilities and the latest membrane 
switch technology are also available. All services are " in-house" 
— customer's design security is assured — and all product is made 
in Australia. 
Contact All Electronic Components to arrange a visit from their 

representative, or call at 118-122 Lonsdale St. Melbourne and 
view the Jemal Display. (03) 662 3506. 
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PC BOARD 
SERVICE 

If your local retailer or board manufacturer 
is unable to supply you an AEM board, we are 

carrying a limited number of rolled-tin over 
copper circuit boards complete with silk screen 
component over-lay. 
Project 
1500 Metronome 
3500 Listening Post 
6500 Universal Molset Amp Module 
9500 Beat- triggered Strobe 
6102 2-Way Speaker 
5501 Negative Ion Generator 
4500 Microtrainer 
6510 4- Input Miser 
601OLL 
6010MA 
6010). 
601OR 
Set ot 4 
4501 8 Channel Computer Relay Interface 
6502 Order 6500 and 6501 
8500 Courtesy Light Extender 
4502 Real Time Cluck 
4600 Dual.Speed Modem 
5502 Microwave Oven leak Detector 
2500 Sine/Square Audio Signal Generator 
6503 Active Crossover 
4564 Speech Synthesizer 
Note The boards round in Inn Inoue are also available. once on application 

Retail Price 
S. 4 67 
S 806 
$ 9 69 
S11 32 
521 75 
$12 35 
$28 47 
520 40 
519 06 
$23 10 
S16 37 
$16 37 
$74 90 
$13 00 

S 9 92 
$10 46 
522 42 
$ 9 12 
S 965 
523 06 
511 53 

Please rush me the following boards 

Project No. Price 

Allow a minimum of 4 weeks delivery 

Price includes postage & packing 
New Zealand. add $ I 00 to these charges 

All cheques or money orders should be made payable to 
Australian Electronics Monthly 

Name 

Address 

Postcode 

I enclose my cheque/money order for 

Please tick payment method 

Cheque/money order = Bankcard E Visa 

Mastercard = American Express 

Card No   Expiration 

Signature   

((Note Unsigned credit card orders cannot be accepted) 

You can buy the boards at our offices if you wish, at any time during busine'ss hours 

Were located at WB Building, Cnr Fox Valley Rd and Kee St, Wahroonga NSW, the 

entrance is in Krogle St 
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LISTENING POST 
SOFTWARE 

ANTENNA 

RECEIVER 

PRINTER 

AUDIO OUTPUT 

( TAPE ) 

ISTENING 
POST 

COMPUTER 

VDU 

VIDEO 
OUTPUT 

Decode RADIOTELETYPE/RADIO FACSIMILE PICTURES 6/or CW 
using your computer and the AEM3500 Listening Post project. 

Software for our very popular AEM3500 Listening Post project, from 

the first issue (July ' 85) is available, on either cassette or disk, to suit 

any model Microbee, the Commodore 64 and Apple /1-series computers 

All it costs Is Just: 

$17.00 
plus 52 50 post & handling 

Ai you have to do is • send us a blank CIO cassette, or a formatted 3.5 or 5.25' 
diskette Ito suit your machine). • Fill out the address label below and firmly attach 
it to your tape or diskette. • Complete the COUPON and send it to us. together with 
your labelled tape or diskette, enclosing payment by cheque or Money Order or you Credit 
Card details 

Enclose your blank tape or diskette in a jiffy bag for protection Put 5 25* diskettes between stiff 

cardboard 

All mail orders will be despatched by certified mail 

Please allow for normal turnaround post delays prevailing at time of sending order 

We will gladly re record any software that does not run 

Fill in and cut out this coupon, cut off and attach the return address label to you tape or diskette 

And send it to 

LISTENING POST SOFTWARE 

Australian Electronics Monthly 

PO Box 269, WAHROONGA 2076 NSW 

COUPON 

Yes please! Rush me software for the Listening Post. I require the software 
to suit the: 

Microbee & Commodore 64 Apple // 

. . . C.Itoh 8510-type 

. . . Epson FX80-type 

printer 
(most printers) (most printers) 

(tick appropriate one). 

Cost: $ 17.00 plus $2.50 post & handling 

TOTAL: $19.50 
I enclose payment by. 

Credit Card No.: 

Expiry Date:  

Signed:   
(Unsigned orders cannot be accepted) 

Cheque or Money Order No  
(• Please make cheques or Money Orders payable to 'Australian Electronics Monthly') 

RETURN-ADDRESS LABEL 

RUSH ME TO:  (name) 

Address   

  Postcode  



— from page 96 

aem star project 

TABLE 1: SPECIFICATIONS AS MEASURED ON PROTOTYPE 

Frequency range   144-148 MHz 
VSWR 1  51:1 across band 
Polarisation   vertical or horizontal 
Gain   12 dBd 
Front-to-back ratio   17 dB 
3 dB beamwidth  50° (E-plane) 
Feedline impedance   50 ohms 

thus, sensitivity. Hence, the best quality low-loss coax you 
can afford is recommended. In addition, you should keep the 
line length as short as possible, consistent with getting the 
antenna as high as practicable. 
Don't put the antenna mast 100 metres away from the rig's 

location if you can at all avoid it. Put it closer, even if it has 
to be lower, in order to keep those feedline losses down. If 
you have a substantial run of feedline between the antenna 
and the rig, you'll have to spend proportionally more on the 
feedline to keep the losses down. 
The larger diameter cables have less loss than the common 

6.5 mm cables (such as RG58). If you have to use any length 
of 6.5 mm cable, get a good low-loss type and use the short-
est possible length — preferably less than 3m. 
Andrews FHJ4 is a solid ( i.e: not flexible) line with very 

low loss at 144 MHz and relatively high cost as a conse-
quence. Special connectors are required and are not easily 
fitted. Consider FHJ4 as the ' Rolls Royce' of cables. Belden 
9913 is a semi-flexible coax that comes highly recommend-
ed and standard "Type N" connectors can be fitted. If you 
have a run of less than 20 metres, then RG213 may be used 
as it's quite economical, but 9913 would be better. 

— from page 9 

International brawl over new 
digital audio tape standards 

"So why should the consumer opt to spend money on new 
tape systems that have no advantage?" 
Andriessen said that S-DAT is about the size of the cur-

rent compact cassette and has the same playing time. The 
R-DAT, using a rotational head drum like a video recorder, 
offers around two hours of recording on a cassette that is 
about half the size of the compact cassette. He obviously be-
lieves the R-DAT is a better system than the S-DAT because 
it is more economic in its use of tape. But the fault with this 
cassette is it doesn't flip over, he says. 
What Andriessen wants the committe to do is opt for an 

R-DAT cassette that is slightly larger than the one currently 
proposed, which would flip over and give four or five hours 
of recording. 

"If we don't have something new to offer we won't get the 
consumers to accept it," he said. "The trend is to time-shifting 
and current audio tape technology requires you to be at home 
when you want to record from a program from the radio, 
simply because the tape is too short with its 45 minutes per 
side to record anything of worth. 
"What we need is a recording robot — a new tape system 

you can leave at home to record the program you want while 
you are out. It means a tape that is long enough to handle 
the programs you want."iit„ 

ANSWERS TO 
WELLER 
CROSSWORD NO. 7. 
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BACK COPIES 
OF AEM 

$3.60 including postage 
O July 1985 

O August 1985 (Limited copies) 

O September 1985 

O October 1985 

• November 1985 

D Dec. 1985 (Not Available) 

E January 1986 

O February 1986 

El March 1986 

Please send me the copies of AEM I have ticked. My cheque 

for   is enclosed. 

Name  

Address  

Post Code  

BACK COPIES OF AEM 
Australian Electronics Monthly 

Send to: 

kg 
PO BOX 289 
WAHROONGA NSW 2076 
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"electronics for starters 

Binary, Octal, 
Hex and all 
that jazz 
Theo Baitch 

II. 

HOW OFTEN have we heard about these mysterious 
words, mumbled as part of their jargon by the computer 
experts, programmers and others involved with the mysti-
cism which enrobes computers and all that goes with it? 
And how often have we read about them, trying to put a 
meaning to these expressions, which were obviously of 
such great significance to the computer hobbyists and 
"hackers"? 

What they really mean 
We normally express the numerals used in everyday use 
in the form of decimal numbers and using the decimal 
number system. There, it is possible to express any num-
ber as the sum of multiples of the number 10 (hence the 
name "decimal" system), raised to the appropriate power. 
Since 10° = 1 and 10' = 10 and 102 = 100 and so on, 

the exponent (that little number above the line) indicates 
in fact, the number of zeros after the 1. So for example, 
the number 1986 can be expressed as a sum in the follow-
ing number: 

1986 = 1 x 1000 = 1 x 103 
+ 9 x 100 = 9 x 102 
+ 8 x 10 = 8 x 10' 
+ 6 x 1 = 6 x 10° 

1986 = 1x103 + 9x102 + 8x10' + 6x10° 

It is interesting to note that the group on the extreme 
right (the group incorporating the least significant num-
ber) counts units. Each count in the second group from 
the right equals the base (or radix) of the system which, 
in the decimal system, is 10. 
Binary simply stands for binary number, or a number 

based on the "binary number system". This number sys-
tem differs from the decimal number system in that it is 
based on the use of the number "2" as its base (or radix) 
and derives its name from there (bi = 2). This 2 takes the 
place of the 10 used in our familiar decimal number 
system. 

Similarly, octal stands for octal number, or a number 
based on the "octal number system". This number system 
in turn differs from the decimal number system in that 
it is based on the use of the number "8" as its base (or 
radix) and also derives its name from there (octo = 8). This 
time, it is that 8 which takes the place of the 10 used in 
the decimal system. 

Finally, hex stands for hexadecimal number (and not for 

witch or witchcraft . ..!) which is a number based on the 
"hexadecimal number system". In line with what has been 
said above, this number differs from the decimal system 
in that it is based on the use of the number "16" as its 
base (or radix) and similarly derives its name from there 
(hexa = 6; deci = 10). It is this 16 which takes the place 
of the 10 of the decimal system. 

Why have such exotic 
number systems? 
The need for these exotic number systems arose from the 
fact that electronic computers and other digital circuits can 
best operate when using simple "on" and "off" voltage im-
pulses and are thus operating by using a "digital informa-
tion transfer system". 

Digital systems are very reliable, simple to design and 
operate and are very immune to external interference, since 
they convey only two, very distinctly different, states or con-
ditions. And since thew are "two" of them, this leads us 
straight into the "binary system". 

The binary system 
In fact, a switch, which might be a mechanical device or 
its electronic equivalent (e.g: a transistor), is the simplest 
digital coding device. It has two conditions. 
(i) an open or open-circuit condition; when the 

switch is open, the circuit is interrupted and 
thus there is no current flowing in the circuit. 

(ii) a closed or closed-circuit condition; when the 
switch is closed, the circuit is also closed and 
current can thus flow through the circuit. 

cr. 

E 

The above conditions are also frequently expressed as 
logic conditions or as logic states. 
An open switch: when there is no current flowing in 

the circuit, or when there is no voltage appearing at a cer-
tain point in the circuit, is called the "Logic 0 (zero)" or 
low state. 
A closed switch: when there is a current flowing in the 

circuit, or when there is a voltage appearing at a certain 
point in the circuit, is called the "Logic 1 (one)" or high 
state. 
Since we have two states involved, we call this digital sys-

tem the binary system, which can be most readily handled 
by electrical means, consisting of zeros and ones. 
Those circuits which handle only the two voltages men-

tioned above (a "low" and a "high" voltage) are called dig-
ital circuits. While the two voltages involved are referred 
to as low and high voltages, they may take on many differ-
ent values, provided that one of these voltages is relatively 
higher with respect to the other, such as, for example: 
+ 5 V and 0 V, 0 V and -5.2 V, + 12 V and 0 V, etc. 
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The binary number system 
As said earlier, the binary number system is based on the 
use of the number 2 as its base. The binary system is ex-
tremely popular in the field of computers and data process-
ing, since the base 2 admirably suits the fact that electric 
circuits and switching devices can have only two states, 
as indicated above: either open, with no current flowing 
and no potential (that is 0) or alternatively, closed, with cur-
rent flowing and with a potential (that is 1). The two charac-
ters 0 and 1 of the binary number system can therefore 
easily represent the bistable nature of electrical devices. 
These two numerical values 0 and 1 in the binary num-
ber system replace very conveniently the numerical values 
0 to 9 of the conventional decimal number system. 

A number is expressed in the binary number system in 
a similar fashion to the decimal system, except that the 
powers of 2 are used to head the columns (i.e: groups). 

So, the column headed 2° = 1 (or units column) will 
be on the extreme right, followed by 2' = 2 and 22 = 4 
and 23 = 8 and 24 = 16 etc, progressively from right to 
left. This means that the extreme right-hand (or least sig-
nificant column) will count units (0, 1). Each count in the 
second column equals the radix (or base), that is 2. Each 
count in the third column equals 22 = 4. Similarly, each 
count in the fourth column equals 23 = 8 and each count 
in the fifth column equals 24 x 16 etc. 

This will allow us to show the equivalence of numbers 
expressed in the decimal system and in the binary system: 

Decimal 23 
notation = 8 

22 2' 2° binary 
= 4 = 2 = 1 notation 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

o o o o 0000 
0 0 0 1 0001 
0 0 1 0 0010 
0 0 1 1 0011 
0 1 0 0 0100 
O 1 0 1 0101 
O 1 1 0 0110 
O 1 1 1 0111 
1 0 0 0 1000 
1 0 0 1 1001 

In expanding the above principle to larger numbers, we 
can see that the binary number system, while most suita-
ble to be handled by computers and other digital systems, 
is nevertheless somewhat clumsier than the decimal sys-
tem in the sense that rather more digits are required to 
represent the same number. So, for example: 

Decimal Binary 
151, 0 equals 10010111, 
105,0 equals 11010012 
75,0 equals 1001011, 

The subscript used shows the base (or radix) of the par-
ticular number system. 

The octal number system 
Because the binary number system is difficult to easily use 
and recognise, two other number systems are also used. 
These are called the "octal" and "hexadecimal" number 
systems respectively. 
The octal number system uses the eight numerals 0, 1, 

2, 3, 4, 5, 6, 7. It should be noted that the base (radix), 8, 
is equal to 23 = 8 and this system thus lends itself to digi-
tal data handling, too. In the same manner as in the 
decimal and binary systems, each digit position cor-
responds to a power of 8. 
Binary numbers may be represented by octal numbers 

by separating the binary number into groups of three, start-
ing from the right; such as, for example: 

Binary: 010 101 0112 
Octal: 2 5 3 = 2538 

and 
Binary: 111 000 110 0012 
Octal: 7 0 6 1 = 70618 

The hexadecimal number system 
The hexadecimal system uses 10 numerals and six sym-
bols, sixteen in all. These 16 numerals are made up of the 
numbers 0 to 9 and the first six capital letters of the al-
phabet, that is A, B, C, D, E and E 
Hexadecimal digits can also be represented by binary 

notation. Each "hex" digit is equivalent to four consecu-
tive binary digits or "bits" (Binary digits) since 16 = 24. 
This makes hex notation very useful for handling large bi-
nary numbers. 

Hexadecimal 
0 

2 
3 
4 
5 
6 
7 
8 
9 
A 

D 
E 

Binary 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

In the same manner as decimal, binary and the octal 
systems, each digit position corresponds to a power of 16. 

In a somewhat similar manner as shown for octal num-
bers above, binary numbers may be represented by hex-
adecimal numbers by separating the binary number into 
groups of four (since four binary bits are required to 
represent the numbers from 0 to 15); starting from the right, 
for example: 

Binary: 1100 0111 11102 
Hexadecimal: C 7 E = C7E16 

and 
Binary: 1110 0000 0011 1011 2 

Hexadecimal: E 0 3 B = E03B, 6 

(to be continued) 
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BenchBook 
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Ci77 
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+12V 

MOTOR  
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SWITCH 

AUTO   
SWITCH 

BLACK 

GREY 

BLACK 
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WITH TAPE READER 
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BLACK 
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15Voc 
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YELLOW 

LACK 

GREEN 

DIN PLUC 

3 

A 

MAINS PLUG 

Small mod. for the AEM8500 
Courtesy Light Extender 
I recently built the AEM8500 Courtesy Light Extender and 
fitted it to my 1983 Sigma sedan. The car is fitted with several 
of the luxury features, including more interior lights than you 
can poke a stick at. 
A problem soon became evident in that the driver was con-

fronted with a ' door ajar' warning light until the extender 
time period elapsed. The circuit shown here is re-drawn from 
the vehicle electrical diagram and shows a small modifica-
tion which overcomes this problem. The cost of this altera-
tion is a massive um or thereabouts, for a diode suitable to 
carry the light's current. 
This modification can be used in any vehicle which has 

a similar arrangement of lights and warning lamps, to ex-
tend the time of only the main roof light. 

If the roof light fitting is of suitable construction, the print-
ed circuit board may be mounted adjacent to the light in the 
ceiling of the car. This also provides easy mounting of the 
isolating diode. 

W.G. Neumann, 
Yeerongpilly, QLD. 

Simple Siemens TTY 
interface for the C64 
Here's a much simpler, well-proven interface for driving a 
Siemens 100 teletype as a printer from the Commodore 64 
than that shown on page 71 of the February '86 issue in the 
Commodore Codex column. Actually, it's suited to pretty well 
any computer with a suitable serial output. 
The computer's serial output drives the optocoupler LED 

while the optocoupler's transistor output is used to drive the 
printer coil. The circuit shows the general arrangement, 
while the wiring diagram illustrates how it's actually done 
within the Siemens TTY. The circled numbers refer to the 
tiepoint numbers. 

BRIDGE 2,5 
FOR CLOSED LOOP 
VATH COMPUTER 
SWITC1-1ED OFF 

DIN 
PLUG 

1N4002 
15Vac 
ON BOARD 

Frank Rees 
27 King St, 

Boort, Vic. 3537 

1/ LINK VAl-F1 TAPE READER FITTED 
OR 
2/330R,1 Y4 RESISTOR * 

INTERFACE 

6Vac 

FROM 
COMPUTER 
I/O 

* READER COILS OR 33OR 
SETS CURRENT TO NOMINAL 30-40mA 
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letters 
Engineering education 
— for the top 3% only! 
Dear Roger, 

I read your February '86 editorial with 
concerned interest, which has prompt-
ed me to write. Your ideas and attitudes 
on the skilled training and tertiary 
qualifications of people entering the 
work force for the first time are no doubt 
from someone who has had many years 
of experience and is highly regarded in 
the electronics industry. However, I 
would like to present another point of 
view to your readers — that of a 1st year 
Science Student at Sydney University. 

Firstly, you have questioned the "at-
tractiveness" of engineering as a career 
and how Australia's performance in the 
training of engineers is "dismal". But it 
is not the attractiveness of engineering 
that is the problem. I will give an exam-
ple to illustrate this:— 

In 1984 the entry mark to Electrical 
Engineering at Sydney University was 
363. This mark enabled students who 
were in approximately the top 20-30% 
to gain entry, with a quota of 100 into 
this faculty. 

In 1985 the entry quota for Electrical 
Engineering at Sydney University was 
dropped to 80 and the entry mark raised 
to 398! Since this is the lowest possible 
to gain entry into the course, this 
represents something like the top 3% of 
all students in the State! 
From the above figures, it can be seen 

that it is extremely difficult to gain en-
try into this faculty. 
As I see it, the government is to blame 

for their cuts in education spending, 
while their wages continue to increase 
to enormously high levels. Perhaps if the 
politicians wages were cut by half or one 
third, then more of the taxpayers money 
could be spent on worthwhile ventures 
— one of these being education. 
This matter is of personal concern to 

me, as I only succeeded in gaining 389 
in the H.S.C. — 9 marks under the en-
try mark. 
However, I have been an electronics 

hobbyist for six years and have worked 
many hours in my holidays in a reputa-
ble electronics store. There are a lot of 
other electronic hobbyists who must be 
content with another career! 

I hope I have provided a point of view 
that is of interest to readers and which 
provokes some feedback. 

Chris Smith 
Epping, NSW 

Your identification of entry quotas to 
university engineering courses as a con-
tributing factor to Australia's dismal per-

formance in turning out engineers is a 
very good point indeed, and one which 
seriously needs addressing by those con-
cerned — the politicians, university 
boards, faculty heads, etc. The entry quo-
tas set, in fact, do not reflect the level of 
demand for the skilled people a course 
will turn out, but the priorities of the in-
dividual institution, so far as I can see. 
However, it seems clear you chose to 

attempt an Electrical Engineering course 
much earlier than HSC or even School 
Certificate level. That motivation, I war-
rant, came from your hobby. Am I right? 
We need to attack the problem at both 
ends — the motivation of young people 
and the policies which decide who will 
gain entry to engineering courses. 

Roger Harrison 

A future for amateurs 
Dear Roger, 
May I take this opportunity of offer-

ing my congratulations to you and Jim 
Linton VK3PC on your most appropri-
ate article, "Amateur Radio — Future 
Direction" in the February issue of 
Amateur Radio (journal of the Wireless 
Institute of Australia). 

I agree completely that steps must be 
instituted NOW to ensure the survival 
of our hobby. Steps must be taken to har-
vest those many areas mentioned in the 
article. Those steps must be very profes-
sional in their structure and execution. 
I don't think it is sufficient to rely on 
Amateurs to enrol members through 
friends, the odd advertisement in tech-
nical journals, etc. If the WIA has not 
formed a committee to consider this 
matter as yet, then steps should be taken 
to do so immediately. 

I think your paper would be a very 
solid starting point for WIA action. 

Pat Kavanagh VK2DMY 
North Sydney NSW 

At time of going to press, moves are afoot 
to establish just such a committee as you 
suggest. 

Roger Harrison 

Watch your language! 
Dear Sir, 
Can't resist the urge to write to you in 

regard to the title of your "Amiga" 
review (page 62, February '86 issue). 

J. Nathan Cohen is obviously a good 
journo (bon = 'good' in French) buta he 
don'ta speeka de Italiano so good. Mama 
mia, she-a saya "Buono giorno" for 
l'Inglese "Good day". 

If you start butchering Italian in this 
way we'll all end up with mass burnings 
of AEM in the streets of "Footiscray". 
(This latter is a joke dependent on 
familiarity with a particular TV adver-
tisement seen only in the cultural capi-
tal of Oz). 
With best wishes for the success of the 

magazine. 
Ken Anderson, 
Boisdale, Vic. 

The title to the Amiga computer review 
was a 'multicultural' pun from Mr Cohen. 
The asterisked footnote explanation of it 
(*Italian for "G'day") was the Editor's 
idea for carrying the joke further. Watsa 
matta you, anyway — can 'ta take-a joke? 
(Please Mr Grassby, I'll apologise, but no 
lurex tie!). 

Compulsory reading 
Dear Sir, 

I enjoy reading AEM and have added 
it to my monthly compulsory reading 
list. I am particularly pleased to see that 
you try to cater for varying computer 
users. e.g: various software available for 
the Listening Post. Keep up the good 
work. 

Brian Symons 
Mackay, Qld 

Roederstein MKT 
capacitors 
Dear Sir, 
Thank you for the advance informa-

tion on your projects. It is pleasing to see 
reference to products our Company 
represents in your project 5504 (March 
issue). 
Please correct one vital mistake in the 

notation on your AEM 5504 parts list. 
Roederstein is represented and dis-

tributed by Mayer Krieg & Co in 
Adelaide, Melbourne, Sydney and Auck-
land and not by Promark. 
Thank you, and keep up your high 

standard. 

Peter Krieg 
Manager (NSW) 

Mayer Krieg & Co. 

I'm aghast! Our apologies. There are, in 
fact, two missing lines which 'disap-
peared' when this note was sent for cor-
rection to a typographical error. We did 
manage to correctly attribute the distri-
bution of Roederstein MKT capacitors to 
your firm in the Project Buyers Guide in 
the February issue's "Retail Roundup" 
column, from which the note at the foot 
of the AEM5504 Electromyogram parts 
list was prepared. 

Roger Harrison 
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The Last Laugh 

A NOTE on AWA-Thorn's January 
price list for software and hardware 
for the Amstrad home computer list-
ed among the new releases a soft-
ware package called " Halley's 
Comet". An asterisk beside it led to 
a footnote at the bottom of the page 
which read: 

"*Please note all stock of Halley's 
Comet software still available after 
April this year will need to be 
reserved until 2062 A.D." 

That's what we call confidence in 
your product! 

More than a black hole 
The press made a great to-do over 
results from Russia's Comet Halley 
probe in early March, with pictures 
of 'streamers' trailing from the head, 
details of the core, etc. What was 

• 
more interesting however, were 
reports of a 'cometary ring'. We're 
all aware of planetary rings a la 
Saturn, and the more recently disco-
vered black rings around Uranus, 
composed of some carbon com-
pound (not unlike rubber, we're 
told). Well, it seems the Russian 
probe photographed something 
similar encircling Halley's Comet. 
Scientific sources have tentatively 
named it " Halley's Grommet!" 

The fundamental laws 
As at least all senior high school stu-
dents are aware, indeed anybody 
who has studied the fundaments of 
science, there are a number of im-
mutable laws which are the founda-
tions of discipline. 

In electronics, being in reality ap-

plied physics, there are three of 
these laws, in case you didn't know. 
Ponder on them awhile, for they pro-
vide food not just for the mind but 
the body, as well. Named for the 
great minds that elicited them, they 
are expressed mathematically as 
follows: 

OHM'S LAW 
E 

R = 

KIRCHOFFS LAW 

I I + I + I, 
I 2 • ' • n 

COLE'S COLE'S LAW 

CuiCAB 
SAiad —  



SCOPE 
SPECIALISED TOOLS 

PC$RTSIBALE SOLDERING 

MODEL TC60 

MODEL STS 2 
SAFETY STAND & SPONGE 

INDEXING 
HOLDER 

ROTATES 
AND LOOM 
IN 32 POSITIONS 

• CMOS PROTECTION - 
FULLY EARTHED 

• 60W BACK UP 
• 2,/o TEMP CONTROL 
200 -400 C 

THE PENCIL IRON 
VVITII REAL POWER 

P.C.B. SELF CLEAN TIP 
METAL BODY 

FOR A FREE CATALOGUE 
SEND YOUR NAME AND ADDRESS TO 
FREEPOST No.2 
SCOPE LABORATORIES 
P.O. BOX 63. NIDDRIE VICTORIA. 3042 
AUSTRALIA 
No Stamp %quoted 

' CRUSH PROOF METAL BODY 
• TIP SELF CLEANS 

EVERY CYCLE 

4' 9  

• YOUR FINGER ADJUSTS WATTAGE & 
-TEMP 200 - 500 C 
• FAST HEAT FOR MAINTENANCE 
& REPAIR WORK 

MANUAL 
ADJUSTMENT OF 
TEMPERATURE 
200-500 C 

RADICAL SCISSOR 
AMON 

• SAFETY OFFCUT 

CATCHER OPTION 

• SCISSOR ACTION 

REDUCES CUTTING 

EFFORT 

CONTACT 
YOUR NEAREST 
SCOPE RETAILER 

8 .S.W. 
Promark (02) 439 6477 
Selectro Parts (02) 708 3244 
D.J. Coulter (049) 67 1455 AA 28650 
Geo Brown (02) 519 5855 
Sheridan (02) 699 6912 
Martin De Launay Ply Ltd (02) 267 1055 AA26679 
David Reid (02) 267 1385 

S.A. 
AJF Electrical (08) 269 1244 
Gerard & Goodman Pty Ltd (081223 2222 AA 88983 

OLD. 
L E Boughen (07)369 1277 
ECO (07)376 5677 
Fred Hoe (07) 277 4311 
Delsound (07) 2296155 
Dunlop IBC (07) 392 0011 AA41561 
St Lucia Electronics (07) 52 7466 AA42883 
Magraths (07) 832 3944 

WA 
Atkins Carlyle Ltd (09)321 0101 AA93750 
Letco Trading Company (09)387 4966 AA94396 

VIC. 
Aust School of Electronics (03)523 5622 
Ballarat Electronics Supplies (053)31 1947 AA37435 
El I istronics Pty Ltd (03) 561 5844 (03)602 3282 
Radio Parts (03) 329 7888 (03) 211 8122 (060) 21 8177 
Teleparts Investments Pty Ltd (052) 21 /085 
McGraths Electronics (03)347 1122 AA31001 
RD Irving (03) 4898131 
Electrotool (03)848 1045 

TAS. 
GHE Electronics 1002) 34 2233(003) 31 6533 



SMD-RESISTORS' 
1111" 

• • ("iS • MI RANGE OF VALUES TEMPERATURE COEFFICIENTS TOLERANCES 

0 OHM - 1014041MS TC15 - TC1C0 01% - 5% 

Colour codeng for Beyschlag Mon.-Melf - as .s usual for resstors 
leads - voth 4 or 5 colour bands for res.stance value and 

,olerance 

• s not used for 4 band codng 

E %AMPLE el is 374 KOFIM 1% TC 50 

VSCHLAG Gelb>, PO Box 1220 1122401450e 
•elebnone 481-950 Telex 28801 Teed., 4 81•95209 

FOR PROFESSIONAL ELECTRONICS 

D 
a 

W..100. • III es 

BEYSCHLAG Metal Film Resistors »Harmonic Series« 

Version 

STANDARD 
PROFESSIONAL 
PRECISION 

Style 

MBA 0204 - BX 
MBB 0207 - BX 
MBE 0414 - BX 

Temperature Coefficient 

TC 100 
TC 50-25 
TC 25-15 

Rated Dissipation P70 

0,4 Watts 
0.6 Watts 
1 Watt 

Tolerance 

5 % - 2 % 

0,25 % - 0 , 1 % 

Resistance Range 

0,22 S2 - 10 MU 
0.22 Q - 10 MU 
0.22 Q-22 MU 

IEC Series 

(24 Ellell2E241ENE112E24 EISE182E24 EISEME24 EISEIIME24 Eason 
10 100 100 147 147 215 215 316 316 464 484 88 681 681 

101 149 218 320 47 470 690 
102 102 15 150 150 22 221 221 324 324 475 475 698 898 

104 152 223 33 328 481 706 
105 105 154 154 228 226 332 332 487 487 715 715 

108 158 229 336 493 723 
107 107 158 158 232 232 340 340 499 499 732 732 

109 16 180 234 344 505 741 
11 110 110 162 182 237 237 348 348 51 511 511 75 750 750 

111 184 24 240 352 517 759 
113 113 185 185 243 243 357 357 523 523 768 768 
• 114 187 246 36 381 530 777 
115 115 189 169 249 249 385 385 536 536 787 787 

117 172 252 370 542 796 
118 118 174 174 255 255 374 374 549 549 806 806 

12 
121 

120 
121 178 

178 
178 281 

258 
261 

379 
383 383 58 562 

556 82 
562 

816 1  
825 825 

123 18 180 264 39 388 569 835 
124 124 182 182 287 267 392 392 576 576 845 845 

126 184 27 271 397 583 856 
127 127 187 187 274 274 402 402 590 590 866 866 

129 189 277 407 597 876 
13 130 130 191 191 280 280 412 412 804 604 887 887 

132 193 284 417 612 898 
133 133 196. 196 287 287 422 422 82 619 619 91 909 909 

135 198 291 427 626 920 
137 137 20 200 200 294 294 43 432 432 634 634 931 931 

138 203 298 437 642 942 
140 140 205 205 30 301 301 442 442 849 649 953 953 

142 208 305 448 657 965 
143 143 210 210 309 309 453 453 865 665 978 978 

145 213 312 459 673 988 

Metal Film Resistors »Harmonic Series STANDARD 
Metal Film Resistors 'Harmonic Series PROFESSIONAL 
Metal Film Resistors »Harmonic Series s PRECISION 
Carbon Film Resistors STANDARD 

light green 

light blue 

band 1 band 2 

_ o o 

1 MI11 

2 2 

INIIN 3 MN 3 

4 4 

IM 5 Ma 5 

MI 6 6 

7 UM 7 

8 MI tit : 1 0 

0 9 0 9 IBM : 100 

Example: 

1111 

red - violet - orange - gold = 27kQ ± 5 % TC 100 

Colour coding according to IEC Publication 62 and DIN 41 429 

band 3 band 4 band 1 band 2 band 3 band 4 band 5 

x 1 IMO BUBO MI 0 Ma x 1 

MIN x 10 1 MIMI 1 x 10 

Mix 100 ± 2 % BIM 2 IMMI 2 2 Mfflx 100 

x 1 k 1•11•13 3 IMI3 x 1 k 

x 10 k 4 4 4 x 10 k 

IBM x 100 k OMB 5 5 IBM 5 NMI x 100 k ± 0,5 % 

Max 1 M 6 MI13 6 6 Minx 1 M ± 0,25 % 

Mil 7 MI 7 7 ± 0,1 % 

ffl11 ± 5 % MI 8 fflI18 8 : 10 

0 9 09 0 9 : 100 

Example 

It 11 

red - violet - yellow - red - brown = 27,4 k Q ± 1 % TC 50 

colour 
dot 

± 1 % 

+ 2 % 

TC 15 

TC 25 

rptteAnro rurTnnuir rnnnitrerrn wry urn 

81 Princes Highway, St Peters NSW 2044. Phone (02) 519 5030, 516 3855, 519 6685. Telex AA23993 Code: CAUSAD Distributors: Sydney George Brown 

& co Pty Ltd. Phone 519 5855; Geoff Wood Electronics Ply Ud 810 6845 Wollongong Macelec Pty Ltd. Phone 29 1455 Canberra George Brown 8 Co. 
Pty Ud. Phone 80 4355. Newcastle D.G.E. Systems Pty. Ud. Phone 69 1625. Melbourne R.PG. Agencies Pty. Ltd. Phone 439 5834; Jeseo Components 
Pty Ud. Phone 598 2333; Rosnik Distributors Ply Ud. 720 3370. George Brown & Co Pty. Ud. Phone 419 3355 Brisbane L. E. Boughen 8 Co. Phone 369 1277; 
Colourxiew Wholesale Pty. Ltd. Phone 275 3188. Adelaide Protronics Pty. Ltd. Phone 212 3111; D. C Electroics Pty, Ltd. Phone 223 6946. Perth Simon Holman 
& Co Pty Ltd. Phone 381 4155; Protronics Pty. Ud. Phone 362 1044. 
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